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PREFAC

Tuis Essay first appeared in the ninth volume of
> published in

the “Journal of the Linnean Socicty
1865, Tt is here reproduced in u corrected and, T
hope, clearer form, with some additional facts. The
illustrations were drawn by my son, George Darwin.
Fritz Miller, after the publication of my paper, sent
to the Linnean Society (Joumal, vol. ix., p. 344) some
interesting observations on the climbing plants of
South Brazil, to which I shall frequently refer.
Recently two important memoirs, chiefly on the
difference in growth between the upper and lower
sides of tendrils, and on the mechanism of the move-
ments of twining plants, by Dr. Hugo de Vries, have
appeared in_ the ¢ Arbeiten des Botanischen Instituts
in Wiirzburg, Heft.
to be carefully studied by every one interested in the

i,, 1873. These memoirs ought

subject, as I can here give only references to the

more important points.  This excellent observer, as
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vi PREFACE.

well as Professor Suchs,® attributes ull the movements
of tendrils to rapid growth along one side; but, from
reasons assigned towards the close of my fourth
chapter, I cannot persuade myself that this holds
ood with respect to those due fo u touch. Tn order
that the reader may know what points have interestod
me most, T may call his attention to certain tendril-
bearing plants; for instance, Bignonia capreolata,
Cobwa, Echinocystis, and Hanburya, which display
as beautiful adaptations as can be found in any part
of the kingdom of nature. Tt is, also, an interesting
fact that intermediate states between organs fitted for

widely difforent functions, may be observed on the

sme. individual plant of Corydalis claviculata and
the common vine; and these cases illustrate in a
striking manner the principle of the gradual evolu-

tion of species.

 An, Bogll tlaon of of TestBook o Boaays s
the *Lehrbueh der Botanik” by t boon to all lovers of
Profms < Hasi, s’ iyt e
(1575), ppeared under the
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MOVEMENTS AND HABITS

CLIMBING PLANTS.

CHAPTER I

Twisive Praxss
teoltory Do of e vt o Top—Tosin
fema—Natuzo of the rovolving movement, and Tanner of
Lot I e dety e
Thickuees of tho support round which lants ca fwine._Spocic

which revale in an anomalous manner.
Twas led to this subject by an interesting, but short
paper by Professor Asa Gray on the movements of the
tendrils of some Cucurbitaceous plants.* My obser-
vations were more than half completed before I learnt
that the surprising phenomenon of the spontancous
revolutions of the stems and tendrils of climbing
plants had been long ago observed by Palm and by
Hugo von Mohlt and had subsequently been the
subject of two memoirs by Dutrochets Nevertheless,

* “Proc, f Arts pllanzen; Paln's Treatise

wl sq«.m e g 12, ) ,,..»,\nma only o fow weoks
185: o Bohl's. Soo also ‘Tho V-

+ LmlvngH S i Ol cmmatnd by Hene
frn) by I von Mol . 147 0

T T ——
B

\1‘
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2 TWINING PLANTS. Cmar, I,

1 believe that my observations, fonnded on the ex-
amination of above a hundred widely distinet living
species, contain suflicient novelty to justify me in
publishing them.

Climbing plants may be divided into four classes.
Tirst, those which twine spirally round a support, and
are mot aided by any other movement. Secondly,
thoso endowed with irritable organs, which when they
touch any object clasp it; such organs consisting of
modified leaves, branches, or flower-peduncles. But
these two classes sometimes graduate to o cortain
extent into one another. Plants of the third class
ascend merely by the aid of hooks; and those of tho
fourth by rootlets; but as in neither elass do the plants
exhibit any special movements, they present littlo
interest, and generally when I spealk of climbing plants
T refer to the two first great classes.

Tysixe PLANTs.

This is the largest subdivision, and is apparently
the primordial and simplest condition of the class.
My obsorvations will be best given by taking a few
special cases. When the shoot of a Hop (Humulus
Tupulus) rises from the ground, the two or three first-
formed joints or internodes are straight and remain
stationary; but the next-formed, whilst very young,

e, ‘ComptesTtendns;  chorohos sur la Volubilité dee
o aiay 7. 080; o, Tigus” oy om.xix.(144)p. 295
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O, . TWINING PLANTS. 3

may bo seen to bend to one side and to travel slowly
round towards all points of the compass, moving, like
the hands of & watch, with the sun. The movement
very soon acquires its full ordinary velocity. From
seven observations made during August on shoofs pro-
ceeding from a plant which had been cut down, and on
another plant during April, the average rate during hot
weather and during the day is 2 hrs. § m. for cach revo-
Iution ; and none of the revolutions varied much from
this rate. The revolving movement continues as long
as the plant continues to grow; but cach separate
internode, s it becomes old, ceases to move.

To ascertain more precisely what amount of move-
ment each internode nnderwent, T kept a potted plant,
during the night and day, in a well-warmed room to
which T was confined by illness. A long shoot pro-
jeeted beyond tho upper end of the supporting stick,
and was steadily revolving. I then took a longer stick
and tied up the shoot, so that only a very young inter-
node, 1§ of an inch in length, was left free. This wasso
nearly upright that its revolution conld not be easily
observed ; but it certainly moved, and the side of the
§ i ; 3

which, as we shall hereafter sce, is a sure sign of the
rovolving movement. T will assume that it made at
least one revolution during the first twenty-four hours,
Barly the next morning its position was marked, and it
made a second revolution in 9 hrs.; during the latter
part of this revolution it moved much quicker, and the
third cirele was performed in the evening in a little over
52
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4 TWINING PLANTS. Cmr. T

Shrs. As on thesucceeding morning I found that the
shoot revolved in 2 hrs. 45 m., it must have made during
the night four revolutions, each at the average rate of
a little over Bhrs. T should add that the temperature
of the, room varied only a little. The shoot had now
grown 8} inches in length, and carried at its extremity
a young internode 1 inch in length, which showed
slight changes in its curvature. The next or ninth
jon was effected in 2 hrs. 30m.  From this time
forward, the revolutions were' casily observed. The
thirty-sixth revolution was performed at the usual
rate s so was the last or thirty-seventh, but it was not
completed ; for the internode suddenly became upright,
and after moving to the centre, remained motionless.
1 tied a weight to its upper end, so as to bow it slightly
and thus deteet any movement ; but there was none.
Some time before the last revolution was half performed,
the lower part of the internode ceased to move.

A fow more remarks will complete all that need be
said about this internode. Tt moved during five
days; but the more rapid movements, after the per-

revolu

formance of the third revolution, lasted during three
days and twenty hours. The regular revolutions,
from the ninth to thirty-sixth inclusive, were effected
at the average rate of 2 hrs. 31m. ; but the weather was
cold, and this affected the temperature of the zoom,
especially during the night, and consequently retarded
the rate of movement a little. There was only one
jrregular movement, which consisted in the stem rapidly
‘making, after an unusually slow revolution, only the
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O 1 TWINING PLANTS. 5
sogment of a cirele. ~ After the seventeenth revolution
the internode had grown from 1 to 6 inches in length,
and carried an intemode 1§ inch long, which was
just perceptibly moving ; and this carried a very minute
ultimate internode. ~ After the twenty-first revolution,
the penultimate internode was 2} inches long, and
probubly revolved in a period of about three hours.
At the twenty-seventh revolution the lower and still
moving internode was 89, the penultimate 3}, and
the ultimate 2} inches in length ; and the inclination
of the whole shoot was such, that a circle 19 inches
in diameter was swept by it. When the movement
coased, the lower internode was 9 inches, and tho
penultimate 6 inches in length; so that, from the
twenty-seventh to thirty-seventh revolutions inclusive,
three intermodes were at the same time revolving.

The lower internode, when it ceased revolving,
became upright and rigid ; but as the whole shoot
was left to grow unsupported, it became after a time
bent into a nearly horizontal position, the uppermost
and growing internodes still revolving at the extremity,
but of course no longer round the old central po
the supporting stick. From the changed position
of the centre of gravity of the extremity, as it revolved,
a slight and slow swaying movement was given to the
long horizontally projecting shoot; and this movement
T at first thought was  spontancous one. As the shoot
grow, it hung down more and more, whilst the groving
and revolving extremity turned itself up more and more.

With the Hop we hiave seen thaf threo intemnodes

Darwin Online: By permission of the Trustees of the Natural History
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6 TWINING PLANTS, Cuar. 1.

were at the same time revolving ; and this was the case
with most of the plants obsorved by me, With all, if in
full health, two internodes revolved; so that by the time
the lower one ceased to revolve, the one above was in.
full action, with a terminal internods just commencing
to move. With Hoya earnosa, on the other hand, a
depending shoot, without any developed leaves, 52
inches in length, and consisting of seven internodes
(a minute terminal one, an inch in length, bein
counted), continually, but slowly, swayed from sido.
to sido in a_ semicircular course, with the extreme
intemodes making completo revolutions. This sway-
ing movement was certainly due to the movement of
the lower internodes, which, however, had ot force
sufficient to swing the whole shoot round tho central
supporting stick, The caso of another Asclepiadaceous
plant, viz,, Ceropegia Gardnerds, is worth briefly giving.
T allowed the top to grow out, almost horizontally o
the length of 81 inches; this now consisted of three
long internodes, terminated by two short ones. The
whole revolved in a course opposed to the sun (the
veverso of that of the Hop), at rates botween 5 hrs. 15m.
and 6 hrs. 45 m. for each revolution. The extreme tip.
thus made a cirele of above 5 feet (or 62 inches) in dia-
meter and 16 feet in circumference, travelling at the
rate of 2 or 33 inches por hour. The weather being
hot, the plant was allowed to stand on my study-tablo;
and it was an_ interesting spectaclo to wateh the long
shoot sweeping this grand cricle, night and day, in
search of some object round which to twine.

Darwin Online: By permission of the Trustees of the Natursl History.
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Cur. T TWINING PLANTS, 7

It we fake hold of a growing sapling, we can of
courso bend it to all sides in succession, so s to make
the tip describe @ circlo, like that performed by the
summit of a spontaneously revolving plant. By this
movement the sapling is not in the least twisted
round its own axis. I mention this because if a black
point be painted on the bark, on the side which is
uppermost when the sapling is bent towards the
holder's body, as the circle is described, the black
point gradually tuns round and sinks to the lower
side, and comes up again when the cirele is completed ;
and this gives the false appearance of twisting, which,
in the case of spontancously revolving plants, deceived
me for a time. The appearance is the more deceitful
because the axes of mearly all twining-plants are
really twisted; and they aro twisted in the same
direetion with the spontancons revolving movement.
To give an instance, the internode of the Hop of
which the history has been recorded, was at first, as
could be seen by the ridges on its surface, not in the
Léast twisted ; but when, after the 37th revolution, it
had grown 9 inches long, and its revolving movement
had ceased, it had become twisted threo times round
its own axis, in the line of the course of the sun; on
the other hand, the common Convolvulus, which
revolves in an opposite course to the Hop, becomes
twisted in an opposite direction.

nee it is mot surprising that Hugo von Mohl
(p. 105, 108, &) thought that the twisting of tho
axis caused the revolving movement; but it is not

Darwin Online: By permission of the Trustees of the Natural History
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8 TWINING PLANTS. Car. I

possible that the twisting of the axis of the Hop three
times should have caused thirty-seven revolutions.
Moreover, the revolving movement commenced in the
young internode before any twisting of its axis could
be detected. The internodes of a young Siphomeris
and Lecontea revolved during several days, but became
twisted only once round their own axes. The best
vidence, however, that the twisting does not cause the
revolving movement is afforded by many leaf-climbing
and tendril-bearing plants (as Pisum sativum, Eeino-
eystis lobata, Bignonia capreolata, Beoremocarpus scaber,
and with the leaf-climbers, Solanum jasminoides and
arious species of Clematis), of which the internodes are
Dot twisted, but which, as we shall hereafter see, re-
gularly perform revolving movements like those of true
twining-plants.  Moreover, according to Palm (pp. 30,
95) and Mohl (p. 149), and Léon,* internodes may
occasionally, and even not very rarely, be found which
are twisted in an_opposite direction to the other inter-
nodes on the same plant, and to the course of their
revolutions ; and this, according to Léon (p. 856), is
the ease with all the internodes of a certain variety of
Phaseolus mudtiflorus. Internodes which have become
twvisted round their own axes, if they have not ceased
torevolve, aro still eapable of twining round a support,

as T have several times observed.
Mohl has remarked (p. 111) that when a stem twines
round a smooth cylindrical stick, it does not become

# “Bull. Bt Sov.do France, tom, v, 1858, p. 356,
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Cue. L. TWINING PLANTS. ()

twisted.  Accordingly T allowed Kidney-beans to run
up strotched string, and up smooth rods of iron and
glass, one-third of an inch in diameter, and they
became twisted only in that degree which follows as a
mechanical necessity from the spiral winding. The
stems, on the other hand, which had ascended ordinary
rough sticks were all moro or less and generally much
twisted. The influence of the roughness of the support
in causing axial twisting was well scen in the stems
which had twined up tho glss rods; for theso rods
were fixed into split sticks below, and were scoured
above to cross sticks, and the stems in passing these
places became much twisted. As soon as the stems
which had ascended the iron Tods reached the summit
and became free, they also became twisted ; and this
apparently occurred more quickly during windy than
during calm weather. Several other facts could be given,
some relation

showing that the axial twisting stands
to inequalities in the support, and likewise to the shoot
revolving freely without any support. Many plants,
which are not twiners, become in some degreo twisted
round their own axes; t hut this occurs so much more

* This wholo subject haa boon it s consed or bogun to cease in
ably discussed and explained by ~tho inner layers”
H. do Vries, ‘Arbeiten des Bot. 1 Profissor Asa Gray las ve-
Tosttuts in Wiirzburg, Hot i, marked {o me, in @ Jetcr, that in
- Thuja occidentalis the tisting of
Bouk of Botuny,” English transla-  tho bark is very consplouous. The
tim, 1575, p. 770}, who eoncludes  twist is gonerally to the right of
“that torsion i the rosultof growth  the obsorver; but, in notilng
‘continuing n the outer layers affer about o hundred runks, four or
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10 TWINING PLANTS, Cur. L

generally and strongly with twining-plants than with
other plants, that there must be some connexion
between the capacity for twining and axial twisting.
The stem probably gains rigidity by being twisted
(on the same principle that a much twisted rope is
stiffor than a slackly twisted one), and is thus in-
directly benefited so as to be enabled to pass over
inequalities in its spiral ascent, and to carry its own
weight when allowed to revolve frecly,*

T have alluded to the twisting which necessarily
follows on mechanical principles from the spiral
ascent of a stem, namely, one twist for cach spire
comploted. This was well shown by painting straight
Tines on living stems, and then ailowing them to twine;
but, as T shall have to recur to this subject under
Tendils, it may be here passed over.

The revolving movement of a twining plant has
been compared with that of the tip of a sapling, moved
round and round by the hand held some way down
the stem; but thero is ono important differonce.
The upper part of the sapling when thus moved

five wero observed to be |w|md marked to & Ttter that
of thoeo cams, If mo o
e tpondnt s 00 S0

or rates
o Thi el g

‘St Tupmiinsp s, i viat e e the
el mown that tho bwisting of stems, which bave

st of many plasts occasionnly  twinod round rugged suppork
oeomo_ spirally 4 in o but doss not preciudo the twis

-
‘monstrons momner; and afier my  ing boing of service o tha plant
paper was read before the Linnean by giving greater rigidity to the
Society, Dr. Maxwell Mastors re-  stem.
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Cuar. L TWINING PLANTS. 11

romains straight; but with twining plants every part
of the revolving shoot has its own separate and
independent movement. This is easily proved; for
when the lower half or two-thirds of a long revolving
shoot is tied to a stick, the upper free part continues
steadily revolving. Even if the wholo shoot, except
an inch or two of the extremity, be tied up, this part,
us T have seen in the case of the Hop, Ceropegia,
Convolvulus, &c., goes on revolving, but much more
slowly; for the internodes, until they have grown to
some little length, always move slowly. If we look to
the one, two, or several internodes of & revolving shoot,
they will be all seen to b more or less bowed, either
during the whole or during a large part of each revolu-
tion. Now if a coloured streak bo painted (this was

done with a large number of twining plants) along,

say, the convex surfuce, the streak will after
a time (depending on the rate of revolution) be
found o be running laterally along one side of the
bow, then along the concave side, then laterally on
the opposite side, and, lastly, again on the originally
convex surface. This clearly proves that during the
revolving movement the internodes become bowed
in every direction. The movement is, in fact, o con-
tinuous self-bowing of the whole shoot, successively
directed to all points of the compass; and has been
well designated by Sachs us a revolving nutation.

As this movement is rather difficult to understand,
it will be well to give an illustration. Take o sapling
and bend it to the south, and paint a black line on the

Darwin Online: By permission of the Trustses of the Natural History.
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12 TWINING PLANTS. Cuw. 1,

convex snrfuce ; lot the sapling spring up and bend it
to the east, and the black line will be seen to run
along the lateral face fronting the north; bend it to
the north, the black line will be on the concave
surface ; bend it to the west, the line will again be on
the lateral faco; and when again bent to the south,
the line will be on the original convex surface. Now,
instead of bending the sapling, let us suppose that the
cells along its northern surfaco from the base to the
tip were to grow much more rapidly than on the three
other sides, the whole shoot would then necessarily be
bowed to the south ; and let the longitudinal growing
surfuce creep round the shoot, deserting by slow degrees
the northern side and encroaching on the western side,
and 5o round by the south, by the east, again to the
north. Tn this case the shoot would remain always
bowed with the painted line appearing on the several
above specified surfaces, and with the point of the
shoot successively directed to each point of the
compass. In fact, we should have the exact kind of
movement performed by the revolving shoots of twining
plants.*

It must not be supposed that the revolving move-
ment is as regular as that given in the above illustra-
tion ; in very many cases the tip describes an ellipse,
even a very narrow ellipse. To recur once again to

* Tho vier that tho rovolving 1. e Vries; and the truth of this
meveaia of neston of tho s view 4 pten 1 C S S
ofrining plats e duo o grovih_ chorsations

s that sdvanced by
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Cuar. L TWINING PLANTS. 13

our illustration, if we suppose only the northern and
southern surfaces of the sapling alternately to grow
rapidly, the summit would deseribe a simple arc; if
the growth first travelled a very little to the western
face, and during the return a very little o the eastern
face, a marrow ellipse would be described ; and the
sapling would be straight as it passed to and fro
through the intermediate space; and a complete
straightening of the shoot may often be observed in
revolving plants. The movement is frequently such
that three of the sides of the shoot seem to be growing
in due order more rapidly than the remaining side ; so
that o semi-cirele instead of a circle is described, the
shoot becoming straight and upright during half of its
course.

When a revolving shoot consists of several inter-
nodes, the lower ones bend. together at the same rate,

slower
tate; hence, though at times all the internodes are

but one or two of the terminal ones bend at

in the same direction, at other times the shoot is
rendered slightly serpentine. The rate of revolution
of the whale shoot, if judged by the movement of the
extreme tip, is thus at times accelerated or retarded.
One other point must be noticed. Authors have ob-
served that the end of the shoot in many twining plants
is completely hooked ; this is very general, for instance,
with the Asclepiadacew. The hooked tip, in all the
cascs observed by me, viz. in Ceropegia, Spharostema,
Clerodendron, Wistaria, Stephania, Akebia, and Sipho-
‘meris, has exactly the same kind of movement as the

Darwin Online: By permission of the Trustees of the Natural History
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14 TWINING PLANTS. Cmae. L.

other infernodes; for a line painted on the convex
surface first becomes lateral and then concaves but,
owing to the youth of these terminal internodes, the
reversal of the hook is a slower process than that of the
revolving movement.® This strongly marked tendency
in the young, terminal and flexible internodes, to bend
in a greater degree or more abruptly than the other
interodes, is of service to the plant ; for not only does
the hook thus formed sometimes serve to cateh a
support, but (and this seems to be much more impor-
tant) it causes the extremity of the shoot to embrace
the support much more closely than it could otheryise
have done, and thus aids in preventing the stem from
being blown avay during windy weather, as I have
many times observed. I Lonicera brachypoda the
hook only straightens itself periodically, and never
becomes reversed. I will not assert that the tips of
all twining plants when hooked, either reverse them-
selves or become periodically straight, in the manner
just described ; for the hooked form may in some cases
be permanent, and be due to the manner of growth of
the species, as with the tips of the shoots of the com-
mon vine, and more plainly with those of Gissus dis-
color—plants which are not spiral twiners.

The first purpose of the spontancous revolving
movement, or, more strictly speaking, of the cons

* Tl mochanism by which tho  H, do Vries (ibid. p. $37): he
end of tho shoot remains hooked  concludes that *it depends on the
appears to bo o difieult ond  rolationbetween tho rapidity oftore
comples problem, disoussed by Dr.  sion aud the rapidity of nutation”

.
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Cur. . TWINING PLANTS. 15

tinuous bowing movement direeted successively to all
points of the compass, is, as Mohl has remarked, to
favour the shoot finding a support. This is admirably
effected by the revolutions carried on night and day,
& wider and wider circlo being swept as the shoot
increases in length. This movement likewise explains
how the plants twine; for when a revolving shoot
meets with a support, its motion is necessarily arrested
at the point of contact, but the free projecting part
goes on revolving. As this continues, higher and
higher points are brought into contact with the
support and aro arrested; and so onwards to the ex-
tremity ; and thus the shoot winds round its support.
When the shoot follows the sun in its revolving
course, it winds round the support from right to left,
the support being supposed to stand in front of the
beholder; when the shoot revolves in an opposite
direction, the line of winding is reversed. As each
internodo loses from age its power of revolving, it like-
wise loses its pover of spirally twining. If a man
swings a rope round his head, and the end hits a stick,
it will coil round the stick according to the direction
of the swinging movement ; soit is with a twining plant,
aline of growth travelling round the free part of the
shoot causing it o bend towards the opposite side, and
this replaces the momentum of the free end of the rope.

All the authors, except Palm and Mohl, who have
discussed the spiral twining of plants, maintain that
such plants have a natural tendency to grow spirally.
Mohl believes (p. 112) that twining stems have

Darwin Online: By pemission of the Trustees of the Natural History
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16 TWINING PLANTS. Cue.T,

& dull kind of irritability, so that they bend towards
any object which they touch; but this is denied
by Palm. Even before reading Mohl's interesting
treatise, this view scemed to me so probable that I
tested it in every way that T could, but always with
anegative result. 1 rubbed many shoots much harder
than is necessary to excite movement in any tendril
or in the foot-stalk of any lea climber, but without any
effect. T then tied a light forked twig to a shoot of a
Top, a Coropegia, Spharostema, and Adhatoda, so that
the fork pressed on one side alone of he shoot and
revolved with it; T purposely selected some very slow
revolvers, as it scemed most likely that these would
profit most from possessing irritability ; but in no ease
was any effect produced® Moreover, when a shoot
winds round a support, the winding movement is
always slower, as we shall immediately see, than
whilit it revolves freely and touches nothing, Hence
T conclude that twining stems are not irritable; and
indeed it is not probable that they should be so, as
nature always economizes her means, and irritability
would have been superfiuo vertheless I do not
wish to assert that they are never iritable; for the
groving axis of the leafclimbing, but not spirdlly

twining, Lophospermum scandens i, certainly irritable;

but this case gives me confidence that ordinary twiners

“Dr. H. do Vries aleo has plants are not iitable, and that
shown bid. p. 521 and 525) bya  tho causo of fheir winding up &
Detter weliod than that employed — support i exactly what L have do-

e, thatthe stems of twining  scribed,

Darwin Online: By permission of the Trustees of the Natural History
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Cuar. . TWINING PLANTS. 17

o ot possess any such quality, for directly after
putting a stick to the Lophospermum, T saw that it
behaved differently from a true twiner or any other
leat-climber.*

The belief that twiners have a natural tendency to
grow spirally, probably arose from their assuming a
spiral form when wound round a support, and from the
extremity, even whilst remaining free, sometimes
assuming this form. The frec internodes of vigor-
ously growing plants, when they cease to revolve,
become straight, and show no tendency to be spiral ;
but when a shoot has nearly ceased to grow, or when
the plant is unhealthy, the extremity does occasionally
b pia T et som e . & seaskable

the ends of the sh

of the allied Akebia, which became wouud upinton close
spire, just likea tendril; and this was apt to oceur after
some small, ill-formed leaves had perished. The ex-
planation, T believe, s, thatin such cases the lower parts
of the terminal internodes very gradually and suc-
cessively lose their power of movement, whilst the
portions just above move onwards and in their tun
become motionless; and this ends in forming an
irregular spire.

When & revolving shoof strikes a stick, it winds
round it rather more slowly than it revolves. For
instance, a shoot of the Ceropegia, revolved in 6 hrs,

3,20 L do Vo e (.. 32t th s f Crsnta i
ritable lke a

o
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18 TWINING PLANTS. Cuar. 1.

but took 9. 30 m. to make one complete spire round
astick; Aristolochia gigas evolved in about 5 hrs., but
took 9 hrs. 15 m. to complete its spire. This, T presume,
is due to the continued disturbance of the impelling
force by the arrestment of the movement at successive
points ; and we shall hereafter sce that even shaking a
plant retards the revolving movement. The terminal
internodes of a long, much-inclined, revolving shoot of
the Ceropegia, after they had wound round u stick,
always slipped up it, so as to render the spire more
open than it was at first ; and this was probably in
part due to the force which caused the revolutions,
being now almost freed from the constraint of gravity
and allowed to act freely. With the Wistaria, on the
other hand, a long horizontal shoot wound itself at
first into a very close spire, which remained une
changed; but subsequently, as the shoot twined
spirally up its support, it made a much more open.
* spire. With all the many plants which were allowed
freely to ascend a support, the terminal internodes
made at first a close spire; and this, during windy
weather, served to keep the shoots in close contact
with their support; but as the penultimate internodes
grew in length, they pushed themselves up for a
considerable space (ascertained by coloured marks on
the shoot and on the support) round the stick, and the
spire became more open.*
1t follows from this latter fact that the position

* oo Dr. L. do Vries ibid. . 524) on this subfoct,
Darwin Online: By permission of the Trustees of the Natural History
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occupied by cach leaf with respect to the support,
depends on the growth of the internodes after they
have become spirally wound round it. I mention this
on aceomnt of an observation by Palm (p. 34), who
states that the opposite leaves of the Hop always stand.
in a row, exactly over one another, on the same side
ts thickness may

of the supporting stick, whatev:
1d for me, and reported

be. - My sons visited a hop-f
y found the points of inser-

that though they general
tion of the leaves standing over each other for a space
of two or three feet in height, yet this never oceurred
up the whole length of the pole; the points of insertion
forming, as might have been expected, an irregular
spire.  Any irregularity in the pole entirely destroyed
the regularity of position of the leaves. From casual
inspection, it appeared to me that the opposite leaves
of Thunbergia alata were arrnged in lines up the sticks
round which they had twined ; accordingly, I raised a
dozen plants, and gave them sticks of various th

nesses, as well as string, to twine round ; and in this
case one alone out of the dozen had its leaves
arranged ina perpendicular line : T conclude, therefore,
Palw’s statement; is not quite accurate.

The leaves of different twining-plants are arranged
on the sem (before it has twined) alternately, or
oppositely, or in u spire. In the latter case the line of
insertion of the leaves and the course of the revolutions
coincide. This fact has been well shown by Dutrochet,”

P25, and Annales des Se. Nat.
02
Darwin Online: By permission of the Trustees of the Natural History
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20 TWINING PLANTS. Ciuar. 1.

who found different individuals of Solanum duleamara
twining in opposite directions, and these had their
leaves in cach case spirally arranged in the same dircc-
tion. A dense whorl of many leaves would apparently
be incommodions for a twining plant, and some authors
assert that none have their leaves thus arranged; but
a twining Siphomeris has whorls of three leaves.

If & stick which has arrested a revolving shoot, but
has mot as yet been encireled, be suddenly taken
the shoot generally springs forward, showing

it was pressing with some force aguinst the stick.
After a shoot has wound round a stick, if this be with-
dvawn, it retains for a time its spiral form; it then
straightens itself, and again commences to revolye.
The long, much-inelined shoot of the Ceropegia pre-
viously alluded to offered some curious peculiariti
The lower and older internodes, which continued to
revolve, were incapable, on repeated trials, of twining
vound a thin stick ; showing that, although the power
of movement was retained, this was not sufficient
to enable the plant to twine. I then moved tho
stick to a greater distance, so that it was struck by
w point 2} inches from the extremity of the penulti-
mate internode; and it was then meatly encircled
by this part of the penultimate and by the ultimate
internode.  After leaving the spirally wound shoot for
eleven hours, T quietly withdrew the stick, and in the
course of the day the curled portion strightened
itself and recommenced revolving ; but the lower and
not curled portion of the penultimate internode did

Darwin Online: By permission of the Trustees of the Natural History
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not move, a sort of hingo separating the moving and
the motionless part of the same internode. After o
few days, however, I found that this lower part had
likewise recovered its revolving power. These s
facts show that the power of movement is not in
ately lostin the arrested portion of a revolving shoot;
and thatafter being temporarily lost it can be recovere
When s ahoot has remained for & considerablo timo
round a support, it permanently retains its spiral form
oven when the support is removed.

When  tall stick was placed 0 a3 to arrest the
lower and. rigid intemodes of the Ceropegia, at the
distance at first of 15 and. then of 21 inches from the
centre of revolution, the straight shoot slowly and
gradually slid up the stick, so as to become more and
more highly inelined, but did not pass over the
summit, Then, after an interval sufficient to have
allowed of a semi-revolution, the shoot suddenly
bounded from the stiek and fell over to the opposite
side or point of the compuss, and reassumed its
previous slight inclination. It now recommenced
revolving in its usual course, so that after a semi-
revolution it again camo into contact with the
again slid up it, and again bounded from it nml sl
over to the opposite side. This movement of the
shoot had a_very odd appearance, as if it were
disgusted with its failure but was resolved to try
again.  We shall, T think, understand. this movement
by considering the former illustration of the sapling, in
which the growing surface was supposed to creep round

ral

edi-
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from the northern by the western to the southern:
face; and thence back again by the eastern to the
northern face, successively bowing the sapling in all
directions. Now with the Ceropegia, the stick heing
placed to the south of the shoot and: in contact with
it, as soon as the circulatory growth reached the
western surface, no effect wonld be produced, excopt that
the shoot would be pressed firly against the stick,
But as soon as growth on the southern surface began,
the shoot would be slowly dragged with asliding move-
ment up the stick; and then, as soon as the eastern

growth commenced, the shoot would be drawn from the
stick, and. its weight coinciding with tho effects of the
changed surface of growth, would eause it suddenly to
fall to the opposite side, reassuming its previous slight
inclination ; and the ordinary revolving movement
would then go on as before. I have described this
curious case with some care, beeause it first led me to
understand the order in which, as T then thought, the
surfaces contracted ; but in which, as we now know from
Sachs and H. de Vries, they grow for a time rapidly,
thus causing the shoot to bow towards the opposite.
side.
The view just given further explains, as I belicve,
a fact observed by Mohl (p. 135), namely, that &
revolving shoot, though it will twine round an object
as thin as & thread, cannot do so round a thiek support.
I placed some long revolying shoots of a Wistaria.
close to & post between 5 and 6 inches in diameter,
but, though aided by me in many ways, they could

Darwin Online: By permission of the Trustees of the Natural History
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not wind round it. This apparently was due to the
flexure of the shoot, whilst winding round an object
s0 gently curved as this post, not being sufficient to
hold the shoot to its place when the growing surface
crept round to the opposite surfuce of the shoot; so
that it was withdrawn at each revolution from its
support.

When a free shoot has grown far beyond its support,
it sinks downwards from its weight, as already explained
in the case of the Hop, with the revolving extremity
turned upwards, If the support be not lofty, the shoot
falls to the ground, and resting there, the extremity
vises up.  Sometimes several shoots, when flexible,
twine together into a cable, and thus support one
another.  Single thin depending shoots, such as those
of the Sallya Drummondi, will turn abruptly back-
wards and wind up on themselves. The greater
number of the depending shoots, however, of one
twining plant, the Hibbertia dentata, showed but little
tendency to turn upwards. In other cases, as with the
Cryplostegia grandiflora, several internodes which were
at frst flexible and revolved, if they did not succeed in
twining round a support, hecome quite rigid, and sup-
porting themselves upright, carried on their summits
the younger revolving internodes.

Here will be a convenient place to give o Table
showing the direction and rate of movement of several
twining plants, with a few appended remarks. These
plants are arranged according to Lindley’s ¢ Vegetable
Kingdom* of 1853; and they have been selected from
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all parts of the series so as to show that all kinds
behave in @ nearly uniform manner.®

The Rate of Revolution of various Twining Plants.
(AcoryzEDONs)

Lygoditum seandens (Polypodincec) moves against the sun.

Jone 16,1t il was madesn -

3 w ‘m I T

Bdh o b w6

st e

0
e
82 (very hot day
o G o day)
0
Lygodinm articulatum moves against th sun.

» 20, PR

July 19, 1st circlo was mado in . 16 30 (shoot very young)
2nd SRR )

s
» Rt s 10 30
MoxocoTriEpoNs.)

Ruscus androgynus (Lilincess), placed in the hot-house, moves
aguinst th sun.

, Prof, Oliver, and Dr. Hooket

‘mation and many references.

s collection of fine specimens
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(MoNOCOTYLEDONS, continued.)

Lsparagus (unmamed. specios from Kew) (Liliscer) moves
agaiust the sun, placed in Bothouse.

Doe 2, L oo sl . . B [
i T Db

Tumus communis (Dioscoreaccm). A young shoot. from
tuber & pot placed in the greenhouso : follows tho

July, 7, 1st cirele was made in

» 88, o, o, T
e oo L

» 85, L,

w 80,

Lapagerea osea (Philesinces), in gn,en!mum, follows tho sun.

March 9, 1st circlo was made in

. 26 15 (shoot young)
» 10, semicirclo ,, .81
» W gdeirdo , , . .10
. M, G
T TS
16, 5

8 40 when placed in
tho hothouse; but the next day the shoot remainod
stationary.
Rusburglia._viridifiora (Roxburghiacem) moves against the
sun; it comploted a cirelo in about 24 hours.

(DrcoryLEpoNs.)
Humadus Zupulus (Urticace) follows the sun.

The plant
was kept in o room during warm weathe
April 9,2 circlos wore made in . . . 4 16
Aug. 13, 8ed circlo was ,, 220
» 1,4t I ]
W M5tho, o, .216
W Wb, o, o, .. .22
» MTRo, e S
W8k , o, . .. .24
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(DrcorsuEDoNs, continued.)

With the Hop a semicirele was performed, in travelling
from the light, m 1 hr.88m.; in tnvell.mg to the light, in
1hr. 13 m.; difference of rate, 20 m,

Akebia quinata (Lardizabalaces), placed in hothouse, moves
aginst tho pun.
March 17, 1st circle was madein . . 4 0 (shoot young)
» 1Bod , Ly . . 1l40
» I8 3SR

» B ., - .14
B et ([mdxmlm!mrm)y Dlaced in hothouse,
moves against

March 98, 1t circlo was mado i, 5 80
» B, L .34

Spharostema marmoratum (Sohizandrmecs) follows the sun.

August 5th, Ist circlo was made in about . . 24 0
. Gth, 20d cirelo was madein . . . . 1880

Stepllania rotunda (Menispermacer) moves against the sun.

May 27, Ist circle was madein . . .5 5
» 30,24, , , ., L786
Juez,8d , ., , . . .5I5
» B4, o, L, 898

Thryaltis ey (Oalpghisom) movs sgane te e
one shoot mado a circlo in 12 Trs., and another in 10 hrs. 80 m.;
but the nax da, whieh s o colder, i ek sht f008
10 his. to perform only a semicirele.

Hithertia dentata. (Dillenincess), placed in the hothonse, fol-
Towed the sun, and made (May 18th)a cirelo n 7 hrs, 20 m.; on
tho 10th, rovorsd its course, and moved. agaiust the sus, and
maden circle in on th 20th, moved against the sun one-
third of a cirlo, and then stood sill; on the 26t, followed the
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Museum {London)



Cuar. L. TWINING PLANTS, 27

(D1coTyLEDONS, eontinued.)
sun for two-thirds of a eircle, and then returned to its starting-
‘point, taking for this double course 11 hrs 4(

Sulya. Drummondit (Pittosporacem) moves against the sun;
kept in greenhouse,

April 4, 1st circle wos made in . 4 95

» Bd L, o, o, .8 0(verycodday)
» G8d o, , .63
7B

TR

Polygennm dumetorum (Polygonace). This caso is taken

from Dutrochet (p. 209), as T observed, o allied plant: follows

the sun. Threo slioots, cut off & plant, and placed in water,
made circles in  hrs, 10 m., 5 brs. 20 m, and 7 brs. 15 m.

Wistaria Chinensis (Leguminose), in greenhouse, moves

against the sun,
Mny e ememiens
2ud §

= lo G D
T
o R
B, 3
ks o ;
tho sun. 4
May, 1t circle was madein . . . .2 0
ST RS RO
.15

» 8, o, o, L
Dipladenia urophyila (Apocynacess) moves against the sun.

April 18, st eircle was madein , . . & 0

s

» 80,8d , , , .. .94
Dipladenia crassinoda moves agaiust th sun,

May 16, Ist circlo was madein . . . 9 &

July20,%d , , , . . .80

» 2,8d , , ., ...85
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(DrcorsrmpoNs, contined.)
Chropegia Gardnerii (Asclopiadaces) moves against the sun. -

ey, Y R4 il was porformel i 7 55
Shootstilyoug . . L d o, n o T 0
Longshoot . . . . Bd . w . o, 638
Lang shoot. PR W

Longshoot . . . . . Bth

nom om w648
Steplanatis floritunda (Asclopiadaces) moves against the sun
and mado a circle in 6 hrs. 40 m., a second circlo in about 9 hrs.

Hoya_ carnosa. (Asclopindacess) made several eircles in from
16 hrs. to 22 hrs. or 24 lrs.

Ipomaea. purpures, (Convolyulacem) moves against the sun.
Plant placod in room with lateral light.

e
It circlo was mado in 2hrs. 42m 1 he. 14 m, to the light
1

usm dm'umwz Lim.

m the light in
20d circlo was made in 2 hrs. 47m. 1 m- o tothalgh L
difference 13 m.

i my sindy, with windows fucing the noeth-east. i

Semicircle, from the 1ight in

.30 m.) 4 hrs. 30m., to the light 1 hr.

0m.: diflerenco 3 hrs 30m.

Somicircle, from the light in

St o RSN
difforenco 2 rs 20

1t circlo was made in 5 1

9nd circlo was made in 5 hrs.
P o
cirols comploted at 6 hrs. 40m.
rav)

Wo have here a remarkable instance of the power of light in
retarding and hastening the evolving movement.
Convolonlus sepium (large-flowered cultivated. var) moves
aginst tho sun.  Two circles, wero made each in 1 hr. 42 m.*
difforenco in somicirelo from and fo the light 14 m.
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(D1cOTYLEDONS, continued.)

Rivea.tiliafulia_(Convolvulacem) moves against the sun
mado four resolutions in 9 hrs.; so that, on an average, cach
was performed in 2 hrs. 15 1.

Plumbago rosea (Plumbaginacei) follows the sun. The shoot
i not begin to Tovolvo until nearly a yard in height; it then
‘made & fine cirele in 10 hrs. 45 m. - During tho next fow dags it
continued to move, but irregularly. ~On August 15th the shoot
followed, during a period of 10 hirs. 40 m., o long and deeply
sigrg course and then made o brond cllipse. The fguro
apparently represented three llipses, cach of which averaged
8lrs. 33 m. for its complotion.

Jasmiaen paciflorum, Bentham (Jasminacer), moves against

the sun. A circlo was made in 7 s, 15 m., and a second rather
more quick!

i Thononss (Verbaces) llows tho s
pril 12, Ist cirele was made in . 5 45 (shoo very young)
SHCadil L, . 880

(@irectly after tho
» 18asemicide ,, . 5 0 plant was shaken
on being moved)
» 19,8ncirclo ,, , . 8
w 0, 4th s oA

Tecoma ,,m.,mw (Blguorinose) mores agsint the s

March 17, 1st circle was made in o m
p Wd b a
b T R H m(vory cold day)
s 4, o, o, . 045

Dtunbergia alta (Acanthacem) moves agninst sun.
April 14, Ist cirele was made in . 3 20
PR

nom w350
» 1884 , , , . 255
» 184tk , o, . 855 lateinafternoon)
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(DicoTyLEDONS, continued.)

Adhadota cydonafolia (Acanthacor) follows the sun. A young
shoot made a semicircle in 24 hrs.; subsequontly it mado &
circlo in between 40 hrs. and 48 hrs. Another shoot, however,
made a circlo in 26 hrs. 30 m.

Mikania soandens (Composit) moves against the sun.

M made in s u)

P 'mx 1
Apda

E'é‘:.

This circlo. was mad
0] after a copions water-
» PO s B0 it cold waterat

Combretum argenteun, (Combretaces) moves against the sun .
Kept in hothouse. g

{Ex\ﬂy in morning, when

Jan. 24, 1st cirele was made in 2

tho tampersture of tho
honso had fullen  ltl.
24,2 circles cach at an)

averngoof. . [ 2%
25, 4th circlo was mads in 2 25

Combretum purpureum revolves not quite 5o quickly as C:
argenteum,

Toasa aurantiac (Lonsacea). Revolutious variable in their
course: a plant which moved against the sun.

June 20, 1t circle was madein . . . 287
» 20,20d L
» 0,8, 40
» 2 dth e s . .28
» BBh o, w - o. o836
» B s W oo o830
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(D1corvLEDONs, contined.)
Another plant which followed the sun in ﬂs revolutions,

July 11, Ist oivole was made 1o, , . 151
» 11, » » ” o« 146 Ver
B a Tty
o N T
- S l2ss

Seyplanthus elegans (Loasacere) follows the sun,

June 18, Ist circle was madein. , . 145
L T
» 14,8 , W » v o, o 188
» 14,4th » » e+ o 1059
» 14,5th »om Vit e &

Siphomeris or Lecontea (unnamed sp.) (Cinchonaces) follows

My 25 sl s mado n . 10 27 {(*hoot etrnely
s e, W0 (eboot sl gouse)

idhdnd , .,
Juo 2,8d x I
B 68

Taken from  the
» 85h . 72| hothouse, aud
» 96th , , , . 886) placedinarom

in my house.

Manatia biedlor (Cinchonaco), young plant, follows the sun.

July 7, 1st circle wasmadein . . . 618
w B%d , , , ., ..68
» 93d , , , ... 68

Loniceru brachypoda (Caprifoliacezs) follows the sun, kept in o
‘room in the house.

April, 1st circlo was mado in . 9 10 (about)
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(Dicorveevoss, continued.)
Aprl, 200 ciclo was made in 12 20 {4 Sinel ook, ey
. young, on same plant)
ol e n this latter cirelo,
the semicirclo from
Wi, . s o SelETE

light 3 brs. 7 min.:
difforence 21rs 6.
Aristolochin gigas (Aristolochiace) moves against ho sun.
July 22, 1 cirelo was madein . & 0 (rathor youngshoot)
B,wd , . » . 5

LoaEd o L, . B 0(bowd)

Tn the foregoing Table, which includes tyining
plants belonging fo widely difforent orders, we see
that the rate at which growth travels or circulates
the rovolving movement

yound the axis (on whi
depends), differs much.  As long as @ plant xemaing
under the same conditions, the rate is often remarkably
uniform, as with the Hop, Mikania, Plaseolus, &c. The
Seyphantlus made one revolution in 1 br. 17 m., and
this is the quickest rate observed by me ; but we shall
hereafter sce a tendril-bearing Passifiora revolving
more rapidly. A shoot of the Akebia quinata made &
revolution in 1 hr. 30 m., and three revolutions at the
average rate of 1 hr. 38 m. ; a Convolyulus made tw0
revolutions at the average of 1 hr. 42 m., and Phaseolus.
wulgaris three at the average of 1hr. 57 m. On the
other hand, some plants take 24 bus. for a single
revolution, and the Adhadofa sometimes required
48 hrs.; yet this latter plant is an efficient twiner
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Species of the same genus move at different rates.
The rate does not seem governed by the thickness of
the shoots : those of the Sollya are as thin and flexiblo
as string, but move more slowly than the thick and
fleshy shoots of the Ruscus, which seem little fitted for
‘movement of any kind. The shoots of the Wistaria,

which become woody, move faster than those of the
herbaceous Tpomaa or Thunbergia.

We know that the internodes, whilst still ve
young, do ot acquire their proper rate of movement ;
hence the several shoots on the sume plant may some-
times be seen revolving at different rates. The two or
three, or even more, internodes which are first formed
above the cotyledons, or above the root-stock of a
perennial plant, do not move ; they can support them-
selves, and nothing superfluous is granted.

A greater number of twiners revolve in a cour
opposed to that of the sun, or to the hands of a watch,
than

i the reversed course, and, consequently, the

majority, as is well known, ascend their supports from
left o right. Oceasionally, though rarely, plants of
the sume order twine in opposite direetions, of which
Mohl (p. 125) gives a case in the Legumine
have in the table another in the Acanthacew. T have
seen no_instance of two species of the same genus
twining in opposite directions, and such cases pust bo
rare; but Fritz Miiller * states that althongh itania

and we

g of the Lim. Soe tering puper, o which o
1 ts or cont

) vol. ix. p. 544, firms various state.
s oo oflen o quot s oty by me.

»
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seandens twines, as T have described, from left to right,
another species in South Brazil twines in an opposite.
direction. 1t would have been an anomalous cirenme
stance if no such cases had oceurred, for different
individuals of the same species, namely, of Solanun
duleamara. (Dutrochet, tom. xix. p. 299), revolve and
twine in two directions : this plant, however, is a most
fecble twiner. Loasa aurantiaca (Léon, p. 351) offers
a much more curious case: T raised seventeen plants:
of these eight revolved in opposition to the sun and
ascended from left to right five followed the sun and
ascended from right fo left; and four revolved and
twined first in one dircetion, and then reversed their
course,* the petioles of the opposite leaves affording a
point dappui for the reversal of the spire. One of
these four plants made seven spiral turns from right
to left, and five turns from left to right. Another
plant in the same family, the Seyphanthus degans,
habitually twines in this ssme manner. I raised
many plants of it, and the stems of all took one
turn, or oceasionally two or even three tums in
one direction, and then, ascending for a short space

straight, reversed their conrse and took one or two
turns in an opposite direction. The reversal of
the curvature occurred at any point in the stem,
even in the middle of an internode. Had I not
soen this ease, T should have thought its occurrence,

+ 1 raised nive p
ybrid Loasa Herberts

nis of the  of these also roversed their spire
and six  in asconding a support,
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most improbable. It would be hardly possible with
any plant which ascended above a fow fect in height,
or which lived in an exposed situation ; for the stem
conld e pulled away easily from its support, with but
Jittle unwinding; nor could it have adhered at all,
had not the internodes soon become moderately rigid.
With Leatclimbers, as we shall soon see, analogons
cases frequently oceur ; but these present no difficulty,
a5 the stem is secured by the clasping petiol

In the many other revolving and twining plants
observed by me, I never but twice saw the movement
reversed ; once, and only for a short space, in Ipomea
jueunda s Wt frequently with Hibbertia. dentata. This
plant at first perplexed me much, for T continually
obseryed its long ﬂud flexible shoots, evidently well
fitted for twining, make a whole, or half, or quarter
n and then i
direction ; consequently, when I placed the shoots
near thin or thick sticks, or perpendicularly stretched
string, they seemed s if constantly trying to scend,
but always failed. T then surrounded the plant with
mass of branched twigs; the shoots ascended, and
passed through them, but several came out laterally, and
their depending extremities seldom turned upwards as
is wsual with twining plonts. Finally, I surrounded
u second plant with many thin up
placed it near the first one with twigs; and now
both had got what they liked, for they twined up
the parallel sticks, sometimes winding round one and
sometimes round several; and the shoots travelled

opposite

b2
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laterally from ome to the other pot; but as the
plants grew older, some of the shoots twined regu-
larly up thin upright sticks. Though the revolving
movement was sometimes in one direction and some-
times in the other, the twining was invariably from
left to right ;* so that the more potent or persistent
movement of revolution must have been in opposition
to the course of the sun. It would appear that this
Hitbertia is adapted both to ascend by twining, and to
ramble laterally through the thick Australian serub.

I have described the above case in some detail,
because, as far as T have seen, it is rare to find any
special adaptations with twining plants, in which
vespect they differ mueh from the more highly organ-
ized tendril-bearers. The Solanum duleamara, s we
shall presently see, can twine only round stems which
are both thin and flexible. Most twining plants are
adapted to ascend supports of moderate though of
different thicknesses, Our English twiners, as far as
T have seen, never twine round trees, excepting the

honeysuckle (Lonicera periclymenum), which T have

observed twining up a young beech-tree nearly 4}
inches in diameter. Mohl (p. 134) found that the
Phaseolus multiflorus and Ipomaea purpurea could not,

In auiber g ey ot end Lons v ot ik
Davilla, belonging to the same asecnied a tree about five inches
D e aa, it Thve i
Miller siys (ibid. p. 549) that  the same munner as so frequently
i e (wincs ndiffrently  oceurs with Lo

from left o right, or from right to

Darwin Online: By permission of the Trustees of the Naturs! History.
Muse e



Omar. L TWINING PLANTS. 37

when placed in a room with the light entering on one
side, twine round sticks between 3 and 4 inches in
diameter; for this interfered, in o manner presently
to be explained, with the revolving movement. Tn the
open air, however, the Phaseolus twined round a
support of the above thickness, but failed in twining
verthe
twiners of the warmer temperate regions can manage
this latter degree of thickness; for I hear from
Dr. Hooker that at Kew the Rusous androgynus has
aseended a column 9 inches in diameter ; and although
a Wistaria grown by me in a small pot tried in vain
for weeks o get round a post between 5 and 6 inches
in thickness, yet at Kow a plant ascended o trunk
above 6 inches in diameter. The tropical twiners, on
the other hand, can ascend thicker trees; T hear from
Drs. Thomson and Hooker that this is the case with
the Butea parviflora, one of the Menispermace, and
with some Dalbergias and other Leguminosm.® This
power would be necessary for any species which had
to ascend by twining the large trees of a tropical forest ;
otherwise they would hardly ever be able to reach the
light. In our temperate countries it would be injurious
to the twining plants which die down every year if

round one 9 inches in diameter. oss, some

* Fritz Miller states (ibid, p. adds

o b T (i i o et ot e
outh Brazila trank  climbing plaats which  there

about five feet in circumference wseend thick trecs, aro Tont-

spinlly wscendol by a plant, climbers; somo being tendril-

apparently belonging to tho Men:  bearers.
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they were enabled to twine round trunks of trees, for
they could not grow tall enough in a single season to
veach the summit and gain the light.

By what means certain twining plants are adapted to
mcend only thin stems, whilst others can twine round
ker ones, T do mot know. It appeared to me
pm\ulhlo that twining plants with very long revolving
shoots would be able to ascend thick supports ; accord-
ingly T placed Ceropegia Gardnerii near a post 6
inches in diameter, but the shoots entirely failed to
wind round it their great length and power of move-
ment merely aid them in finding a distant stem
round which to twine. The Spharosemma marmora-
igorous tropical twiner; and as it is a very
slow revolver, T thought that this latter circumstance
might help it in ascending s thick support; but though
it was able to wind round a G-inch post, it could do
this only on the same level or plane, and did not
form a spire and thus ascend.

As ferns differ so much in structure from phanero-
gamic plants, it may be worth while here o show that
twining ferns do not differ in their habits from other
twining plants. Tn Lygodium articulatum the two
internodes of the stem (properly the rachis) which
are first formed above the root-stock do mot moves
the third from the ground revolves, but at first very
slowly. This specics is a slow revolver: but Li
soandens made five revolutions, each at the average
rate of 5hus. 45 m.; and this represents fairly well the
usual rate, taking quic

fum is a

and slow movers, amongst
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phanerogumic plants. The rate was accelerated by
increased temperature. At each stage of growth only
the two upper internodes revolved. A line painted
along the convex surface of a revolying internode
becomes first lateral, then concave, then lateral and
ultimately again convex. Neither the internodes nor
the petioles are irritable when rubbed. The movement
is in the usnal direction, namely, in opposi
course of the sun; and when the stem twines round a
thin stick, it becomes twisted on its own axis in the same
direction. After the young internodes have twined
round a stick, their continued growth causes them to
slip a little upwards. Tf the stick be soon removed,
they straighten themselves, and recommence revolying.
The extremities of the depending shoots turn upwards,
and twine on themselyes. Tn all these respects we
have complete identity with tvining phanerogamic
plants; and’ the above enumeration may serve us &

ion to the

summary of the leading characteristics of all twining
plants,

The power of revolving depends on the general
health and vigour of the plant, as has been laboriously
shown by Palm. But the movement of each separate
internode is so independent of the others, that eutting
off an upper one does not affect the revolutions of &
lover one.  When, however, Dutrochet out off two
whole shoots of the Hop, and placed them in water, the
movement was greatly retarded ; for one revolved in
20 hes. and. the other in 23 hrs, whereas they ought
to have revolved in between 2 hrs. and 2 hrs. 30 m.
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Shoots of the Kidney-bean, eut off and placed in
water, were similarly retarded, but in a less degree,
T have repeatedly observed that carrying a plant from
the greenhouse to my room, or from one part to
another of the greenhouse, always stopped the moye-
ment for a time; hence I conclude that plants in
state of nature and growing in exposed situations,
would not make their revolutions during very stormy
weather. A decrease in temperature always caused a
considerable retardation in the rate of revolution; but
Dutrochet (tom. xvii. pp. 994, 996) has given such
preciso observations on this head with respect to the
common pea that I need say nothing more, When
twining plants are placed near a window in a room,
the light in some cases has # remarkable power
(as was likewise observed by Dutrochet, p. 998, with
the pea) on the revolving movement, but this differs
in degree with different plants ; thus Tpomea jucunda
made o complete cirele in 5 hrs, 30 m.; the sémis
cirele from the light taking 4 hrs. 30 m., and that
towards the light only 1 hr. Lonicera brachypoda.
revolved, in o reversed direction to the Tpomaa, in
8hrs.; the semicirele from the light taking 5 hrs. 28m,
and that to the light only 2 hrs, 37 m. From the
rate of revolution in all the plants observed by me,
being nearly the same during the night and the
day, T infer that the action of the light is confined to
retarding onie semicircle and accelerating the other,
so as ot to modify greatly the rate of the whole
revolution. This action of the light is remarkable,
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Cuar. I TWINING PLANTS. 41

when we reflect how little the leaves are developed on
the young and thin revolving internodes. It is all
the more remarkable, as botanists believe (Mohl,
p. 119) that tining plants are but little sensi
to the action of light.

I will conclude my account of twining plants by
giving a fow miscellancous and curious cases.  With
most twining plants all the branches, however many
there may be, go on revolving together; but, ac-
cording to Mohl (p. 4), only the lateral branches of
Tamus clephantipes. twine, and not the main stem.
On the other hand, with a climbing species of Aspa-
ragus, the leading shoot alone, and not the branches,
revolved and twined ; but it should be stated hat the
plant was not growing vigorously. My plants of
Combretum argenteum and C. purpureum made mume-
rous short healthy shoots ; but they showed no signs
of revolving, and I could not conceive how these
plants could bo climbers ; but at last C. argenteun: put
forth from the lower part of one of its main branches

a thin shoot, 5 or 6 feet in length, differing greatly
in appearance from the previous shoots, owing to its
leaves being little developed, and this shoot re-
volved vigorously and twined. So that this plant
produces shoots of two kinds. With Periploca Greca
(Palm, p. 43) the uppermost shoots alone twine.
Polygomum convoloulus twines only during the middle
of the stmmer (Palm, p. 43, 94); and plaits growing
vigorously i the autumn show no inclination to
climb. The majority of Asclepiadacer are twiners;
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but dsclepias nigra only “in fertiliori solo incipit
seandere subvolubili caulo” (Willdenow, quoted and
confirmed by Palm, p. 41).  dsclepias vincelovicun does
not regularly twine, but oceasionally does so (Palm,
P- 423 Mohl, p. 112) when groving under certain
conditions. 8o it is with two species of Cerapegiay as T
hear from Prof. Harvey, for these plants in their
native dry South African home generally grow erect,
from 6 inches to 2 feet in height,—a very few taller
specimens showing some inclination to eurve; but
when cultivated near Dublin, they regularly twined
up sticks 5 or 6 foet in height. Most Conyolvulace
are excellent twiners; but in South Africa Jpomaa
argyraoides almost always grows erect and compact,
from about 12 to 18 inches in height, one specimen

alone in Prof. Harvey's collection showing an evident
disposition to twine. On the other hand, seedlings
maised near Dublin twined up sticks above 8 feet in
height. These facts are remarkable; for there ean
hardly be » doubt that in the dryer provinces of
South Africa these plants have propagated themselves
for thousands of generations in an erect condition
retained during this whole period
the inate power of spontancously revolving and

and

vot they have

twining, whenever their shoots become elongated
under proper conditions of life. Most of the species
of Phaseolus are twiners ; but certain varicties of the
P. multiflorus produce (Léon, p. 681) two kinds of
shoots, some upright and thick, and others thin and
twining, T have seen striking instances of this curious
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case of variability in “Fulmer’s dwarf forcing-bean,”
which oceasionally produced a single long twining
shoot.

Solanum duleamara is one of the feeblest and
poorest of twiners: it may often be seen growing as
an upright bush, and when growing in the midst of
4 thicket merely serambles up between the branches
without twining; but when, according to Dutrochet
(tom. xi

. p. 209), it grows near a thin and flexible
support, such us the stem of a mettle, it twines round
it. I placed sticks round several plants, and vertically
stretehed strings elose to others, and the strings alone
were aseended by twining. The stem twines in-
differently to the right or left. Some others pecies
of Solanum, and of another genus, viz. Habrothamnus,
belonging to the same family, are described in borti-
cultural works as.twi
possess this faculty in a very feeble degree.  We may
suspect. that the species of these two genera have as
yet only partially acquired the habit of twining. On
the other hand with Tecoma radicans, » member of a

ing plants, but they seem to

family abounding with twiners and tendril-bearers, but
which climbs, like the ivy, by the aid of rootlets, we
may suspect that a former habit of twining has been
lost, for the stem exhibited slight irregular movements
which could hardly be accounted for by changes in the
action of the light. There is no difficulty in under-
standing how a spirally twining plant could graduate
into a simple xoot-climber; for the young internodes
of Bignonia. Tueedyana and of Hoya carnosa revolve
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and twine, but likewise emit rootlets which adhere to
any fitting surface, so that the loss of twining would
be no great disadvantage and in some respects an
advantage to these specics, as they would then ascend
their supports in & more direct line.*

* Pt Muller s published  linbiog lnts . Bot. Zlbng
p. 7,

some intoresting facts and views 1866, pp
on the structure of the wood of
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CHAPTER IL.
Lear-Cuasmxss.

Pty e climb by tho aidofspntasensly evling o snsive
Mas

‘petoles watis ol — Mawrand'a, Bower-peduncles
e e o ton-
Loplapermn— inernods wnsites

the claspedpetinles—Fumarin—Adlumia—Plants which climb by

e il of Hieir produted midribs— Gloriows — Flagllria—
epeates—Summary on lat-<limbers.

WE now come to our vseunul class of climbing plants,

naely, those which ascend Ly the aid of iritable or

o organs. For convenience’ sake the plants

in this elass have been gronped under two sub-divisions,

imbers, or those which retain their

namely, leat-c
leaves in a functional condition, and tendril-bearers.
But these sub-divisions graduate into each other, as
we shall see under Corydalis and the Gloriosa lly.

Tt has long been observed that several plants climb
by the aid of their leaves, either by their petioles (foot-
stalks) or by their produced midribs ; but beyond this
simple fuct they have not been described. Palm
Mohl class these plants with those which bear tendrils ;
Dut as a leaf is generally a defined object, the present
classification, though artiicial, has at least somo advan-
tages. Leaf-climbers are, morcover, interme
many respects between twiners and tendril-bearers.
Eight species of Clematis and seven of Tropaolum were

nd
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observed, in order to see what amount of difference
in the manner of climbing existed within the same
genus; and the differences are considerable.
Creatis.—0. glanduloss.—The thin upper inter-
nodes revolve, moving against the course of the sun,
precisely like those of a true twiner, at an average
rate, judging from three revolutions, of 3 hrs. 48 m.
The leading shoot immediately twined round a stick
placed near it but, after making an open spire of
only one turn and a half, it ascended for a short space
straight, and then reversed. its course and wound two
tumns in an opposite direction. This was rendered
possible by the straight picce between the opposed
spires having become rigid. The simple, broad, ovate
Teaves of this tropical species, with their short thick
petioles, scem but ill-fitted for any movement; and
whilst twining up a vertical stick, no use is made of
them. Nevertheless, if the footstalk of a young leaf
be rubbed with o thin twig a few times on any side,

it will in the course of a few hours bend to that side;
afterwards becoming straight again. The under side
; but the sensitiveness
is slight compared to that which we
shall meet with in some of the following specics ; thus,

seemed to be the most sensi
or irritabilit

a loop of string, weighing 164 grain (1062 mg)
and hanging for some days on a young footstalk,
perceptible cffect. A sketeh s
hiere given of two young leaves which had naturally
caught hold of two thin branches. - A forked twig placed
50 as to press lightly on the under side of a young

produced a scarcy

Mcodr ST Ere
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footstalk cansed it, in 12 hrs, to bend greatly, and
ultimately to such an extent that the leaf passed to
the opposite side of the stem; the forked stick havir
been removed, the leaf slowly recovered its former

The y and grad

their position: when first doveloped the petioles are
uptumed and parallel to the stem; they then slowly
bend downwards, remaining for a short time at right

Pt
Clemats gtandsi

angles to the stem, and then become so much arched
downwards that the blade of the leaf points to the
ground with its tip curled inwards, so that the whole
petiole and leaf together form a hook. They are thus
enabled to cateh hold of any twig with which they
may be brought into contact by the revolying move-
ment of the internodes. I this does not happen, they
retain their hooked shape for a considerable time, and
then bending pwards reassume their original upturned
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position, which is preserved ever afterwards, The
petioles which have clasped any object soon become
much thickened and strengthened, s may be seen
in the draving.

Clematis montana.—The long, thin petioles of the
Leaves, whilst young, are sensitive, and when lightly
rubbed bend to the rubbed side, subsequently hecom-
ing straight. They are far more sensitive than the
petioles of €. glandulosa; for aloop of thread weighing
a quarter of a grain (162 mg.) caused them to bend;
2 loop weighing only one-cighth of a grain (81 mg)
sometimes ncted and sometimes did not act. The
sensitiveness extends from the blade of the leaf to
the stem. T may here state that T ascertained in
all cases the weights of the string and thread used
by carefully weighing 50 inches in a chemical balance,
and then cutting off measured lengths. The main
petiole carrics three leaflets; but their short, sub-
petioles aro not sensitive. A young, inclined shoot
(the plant being in the greenhouse) made a large
cirelo opposed to the course of the sun in 4 hrs. 20 m.,
but the nest day, being very cold, the time was
5hrs.10m. A stick placed near a revolving stem was
soon struck by the petioles which stand out at right
angles, and the revolving movement was thus arrested.
The petioles then bogan, being excited by the contact,
to slowly wind round the stick. When the stick was
thin, o petiole sometimes wound twice round it
The opposite leaf was in no way affected. Tho atti-
tude assumed by the stem after the petiole had
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clasped the stick, was that of a man standing by a
column, who throws his arm horizontally round it.
With respect to the stem’s power of twining, some
remarks will be made under C. calyeina.

Clematis Sicboldi—A shoot made three revolutions
against the sun at an average rate of 3hrs. 11m. The
power of twining is like that of the last species. Its
leaves are nearly similar in structure and in function,
excepting that the sub-petioles of the lateral and
terminal leaflets are sensitive. A loop of thread,
weighing one-cighth of a grain, acted on the main
wuole, but not until two or three days had elapsed.
The leaves have the remarkable habit of spon-
tancously revolving, generally in vertical ellips

es, in

the same. maner, but in a less degree, as will be
described under C. microphylla.

Clematis calyoina.—The young shoots are thin and
flexiblo: one revolved, describing a broad oval, in
5 hrs. 30 m, and another in 6hrs. 12m. They followed
the course of the sun; but the course, if observed long
enongh, would probably e fonund to vary in this specics,
a5 well as in all the others of the genus. It s a rather
better twiner than the two st species : the stem some-
times made two spiral furns round a thin stick, if free
from twigs; it then ran straight up for a space, and
reversing its course took one or two tums in an
opposite direction. This reversal of the spire occurred
in all the foregoing specics. The leaves are so small
compared. with those of most of the other specics, that
the potioles at first seem ill-adapted for cluxpin;:
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ertheless, the main service of the revolving move:
ment is to bring them into” contact with surrounding
objects, which are slowly but securely seized. The

sung petioles, which alone are sensitive, have their
ends bowed a little downwards, so as to be in a slight
degree hooked ; ultimately the whole leaf, if it catehes
nothing, becomes lovel. T gently rubbed with a thin
twig the lower surfices of two young petioles; and in
2 s, 80 m. they were slightly curved downwards; in
5 lrs, after being rubbed, the end of one was bent
completely back, parallel to the basal portion ; in 4lirs,
subsequently it became nearly straight again. To
show how sensitive the young petioles are, T may
mention that 1 just touched the under sides of two
with a little water-colour, which when dry formed
excessively thin and minute crust; but this
sufficed in 24hrs. to canse both to bend downwards.
Whilst the plant is young, each leaf consists of three
divided leaflets, which barely have distinet petioles,
and these are not sensitives but when the plant is
well grown, the petioles of the two lateral and terminal

leaflets are of considerable length, and become sensi-
tive so as o be capable of clasping an object in any
direction.

When a petiole has clasped a twig, it undergoes
some remarkable changes, which may be observed
with the other species, but in a less strongly marked
‘manner, and will here be deseribed once for all. The
clasped petiole in the course of two or three days
awells greatly, and ultimately hecomes nearly twica a5
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thick as the opposite one which has clasped nothing.
When thin transverse slices of the two are placed
under the microseope their difference is conspicuous:
the side of the petiole which has been in contact with
the support, is formed of a layer of colourless cells with
their longer axes directed from the centre, and these
are very much larger than the corresponding cells
in the opposite or unchanged petiole; the central
cells, also, are in some degree enlarged, and the whole
is much indurated. The exterior surface generally
Decomes bright red. But a far greater change takes
place in the nature of the tissues than that which is
visible: the petiole of the mnclasped leaf is flexible
and can be sapped easily, whereas the clasped onc
acquires an_extraordinary dogree of toughness and
rigidity, so that considerable force is required to pull
it into pieces. With this change, great durability is
probubly acquired ; at least this is the case with the
clasped petioles of Clematis vitalba. The meaning of
these changes is obvious, namely, that the petioles may
firmly and durably support the stem.

Clomatis microphylla, var. leptophylla—The long
and thin internodes of this Australian species revolve
sometimes in one direction and sometimes in an op-
posite one, deseribing long, narrow, irregular ellipses
or large cireles. Four revolutions were completed
within five minutes of the sume average mte of
1 hr. 51m.; so that this species moves more quickly
than the others of the genus. The shoots, when placed
near a vertical stick, either twine round it, or clasp it

52
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with the busal portions of their petioles. The leaves
whilst young are nearly of the same shape as thosa
of C. viticella, and act in the same manner like a hook,
as will bo deseribed under that species. - But the leaflets
are more divided, and each. segment whilst young

nates in u hardish point, which is much curyed
downwards and inwards ; so that the whole leaf readily
catehes hold of any neighbouring object. The petioles
of the young terminal leaflets are acted on by loops
of thread weighing th and even yyth of a grain,
The basal portion of the main petiole is much
less sensitive, but will elasp a stick against which it
presses.

tern

The leaves, whilst young, are continnally and sponfae
neously moving slowly. A bell-glass was placed over
a shoot secured to a stick, and the movements of the
leaves were traced on it during several days. A very
irregulur line was generally formed ; but one day, in
the course of eight hours and three quarters, the
figure cloarly represented three and a half megular
ellipses, the most perfect one of which was completed
in 2hrs. 35m. The two opposite leaves moved
independently of each other. This movement of the
leaves would aid that of the internodes in bringing
the petioles into contact with surrounding. objects.
T discovered this movement too Iate to be enabled to
observe it in the other species; but from analogy T
can hardly doubt that the leaves of at least O, viticlla
€. flammula, and . vitalba move spontancously ; and
judging from €. Sicbold, this probably is the case with,
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0. montana and C. calycina. T ascertained that the
simple leaves of €. glandulosa exhibited no sponta-
neous revolving movement.

Clematis viticella, var. venosa.—Tn. this and the two
following species the power of spirally twining is
completely lost, and this seems due to the lessened
flexibility of the internodes and to the interference
cansed by the large size of the leaves, But the re-
volving movement, though restricted, is not lost. In
our present species a young internode, placed in front
of a window, made three narrow ellipses, transversely
to the dircetion of the light, at an average mte of
2hrs, 40m.  When placed so that the movements were
to and from the light, the rate was greatly accelerated
in one half of the course, and retarded in the other, as
with twining plants. The ellipses were small; the
longer diameter, described by the apex. of a shoot

inches, and that by the apex of the penultimate inter-
node only 1} inch. At the most favourable period of
growth each leaf would hardly be carried to and fro
by the movement of the internodes more than. two or
three inches, but, as above stated, it is probable that
theleaves themselves move spontancously. The move-
ment of the whole shoot by the wind and by its rapid
growth, would probably be almost equally efficient us
these spontancous movements, in bringing the petioles
into contact with surrounding objects.

The leaves are of large size. Each bears three pairs
of luteral leaflets and a terminal one, all supported on
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rather long sub-petioles. The main petiole bends a
little angularly downwards at each point where a pair
of leaflots arises (see fig. 2), and the petiole of the
terminal leaflet is bent downwards at right angles;
henee the wholo petiole, with its rectangularly bent.
extremity, acts as o hook. This hook, the lateral
potioles being direoted a little upwards, forms an
excellent grappling apparatus, by which the leaves

Fig.2
A youns e of Clemati il

readily become entangled with surrounding objects.
If they catch nothing, the whole petiole ultimately
grows straight. The main petiole, the sub-petioles,
and the three branches into which each basi-lateral
sub-petiole is generally subivided, are all sonsitive.
The basal portion of the main petiole, between the
stem and the first pair of leaflots, is less sensitive

than the remainder; it will, however, clasp a stick

Darwin Online: By permission of the Trustees of the Natural
jistory Musaur LETErRIl



Cuar. T CLENATIS.

with which it is left in contact. The inferior surfuce
of the rectangularly bent terminal portion (carrying
the terminal leaflet), which forms the inner side of the
end of the hook, is the most sensitive part; and this
portion is manifestly best adapted to catch a distant
support. To show the difference in sensibility, I
gently placed loops of string of the samo weight (in
one instance weighing only ‘82 of a grain or 5314 mg.)
on the several lateral sub-petioles and on the terminal
one; in a fow bours the latter was bent, but after
24 hrs. no effect was produced on the other sub-petioles.
Again, a terminal sub-petiole placed in contact with
thin stick became sensibly eurved in 45m., and in
Lhr. 10m. moved through ninety degrees; whilst
a lateral sub-petiole did not become sensibly curved
until 8hrs. 30m. had clapsed. In all cases, if the
sticks are taken away, the petioles continue to move

during many hours afterwards; so they do after a
slight rubbing ; but they become straight again, after
about a day's interval, that is if the flexuro has not
been very great or long continued.

Tho graduated difference in the extension of the
sensitiveness in the petioles of the above-described
spocics desorves notice. In O, montana it is confined
to the main petiole, and has not spread to the sub-
petioles of the three leaflets 0 it is with young plants
of C. calyoina, but in older plants it spreads to the
three sub-petioles. In C. vilicella the sensitiveness hus
spread to the petioles of the seven leaflets, and to the
subdivisions of the basi-lateral sub-petioles. But in
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this Iatter specics it has diminished in the basal part
of the main petiole, in which alone it resided in .
montana; whilst it bas increased in the abruptly bent
terminal portion.

Clematis flammula.—The rather thick, straight, and
Stiff shoots, whilst growing vigorously in the spring,
make small oval revolutions, following the sun in their
course. Four were made at an average rate of 3hr,
45m. The longer axis of the oval, described by the
extreme tip, was directed at right angles to the line
joining the opposite leaves; its length was in one case
only 13, and in another case 1§ inch; so that the
young leaves were moved a very short distance, The
shoots of the same plant observed in midsummer,
when growing not so quickly, did not revolve at all
T eut down another plant in the early summer, so that
by August Ist it had formed new and moderately
vigorous shoots; these, when observed under a bell-
wlass, were on some days quite stationary, and on
other days moved to and fro only about the eighth of
aninch. Consequently the revolying power is much
enfeebled in this species, and under unfayourable cir-
cumstances is completely lost, The shoot must depend
for coming into contact with surrounding objects on the
probable, though not ascertained spontancous move-
growth, and on movement
aps, it is that the petioles
have acquired a high degree of sensitivencss us a cos
pensation for the little power of movement in the shoots:

The petioles are bowed downwards, and have the

ment of the leaves, on rapi

from the wind. Hence, per
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same general hook-like form s in C. viticella. The
‘medial petiole and the lateral sub-petioles are sensitive,
esplx'mlly the much bent terminal portion, As the
nsitiveness is here greater than in any other species
i genus observed by me, and is in itself remark-
able, L will give fuller details, The petioles, when so
young that they have not separated from one another,
are not sensitive; when the lamina of a leaflet has
grown toa quarter of an inch in length (that is, about
one-sixth of its full size), the sensitiveness s highest ;
but at this period the petioles are relatively much
more fully developed than are the blades of the leaves.
Full-grown petioles are not in the least sensitive.
thin stick placed so 13 to press lightly against a
potiole, having a leaflet a quarter of an inch in length,
cansed the petiole to bend in 3hrs. 15m. In another
case a petiole curled completely round a stic
12hrs. These petioles were left curled for 24 hrs., and
the sticks were then removed; but they never
straightened themselves. T took n twig, thinner than
the petiole itself, and with it lightly rubbed seyeral
petioles four times up and down; these in 1hr. 45 m.
became slightly curled ; the curvature increased during
some hours and then began to decrease, but after 25 hrs.
from the time of rubbing a vestige of the curvature re-

mained. Some other petioles similarly rubbed twice, that
is, once up and once down, became perceptibly curved
in about 2 hrs. 30m., the terminal sub-petiole moving
more than the lateral sub-petioles; they all became
straight again in between 12 hrs. and 14hrs. Lastly, o
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length of abont one-cighth of an inch of a sub-petiole,
was lightly rubbed with the same twig only once; it
became slightly curved in 3 hrs,, remaining so during

11hrs, but by the next morning was quite straight.
The following observations are more precise. ~ After
trying heavier pieces of string and thread, T placed a
loop of fino string, weighing 104 gr. (674 mg) on a
terminal sub-petiole: in 6 hrs, 40 m. a curvature could.
bosoen; in 24 . the petiole formed an open ring round
the string ; in 48 hrs. the ring had almost closed on the
string, and in 72 hrs. seized it so firmly, that some
force was necessary for its withdrawal. A loop weighing
520f a grain (337 mg.) caused in 14 hrs. a lateral sub-
petiole just perceptibly to curve, and in 24 hrs. it
- 2 &

ved th

mado during the summer: the following were mado
in the spring, when the petioles apparently are more
semsitive :—A loop of thread, weighing one-cighth of a
grin ($01 mg.), produced no effect on the lateral sub-
petioles, but placed on a terminal one, caused it, after
24 rs, to curve moderately ; the curvature, though the
loop remained suspended, was after 48 hrs, diminished,
but never disappeared; showing that the petolo hd
become partially ol to tho i

This experiment was twice repeated with nearly the
same result. Lastly, a loop of thread, weighing only
onessixteenth of a grain (405 mg.) was twice gently
placed by a forceps on a terminal sub-petiole (the
plant being, of course, in a still and closed room), an

this weight certainly caused a flexure, which very:
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slowly increased until the petiole moved through nearly
ninety degrees: hoyond this it did not move; nor did
the petiole, the loop remaining suspended, ever become
perfectly straight again.

When we consider, on the one hand, the thickness
and stiffness of the petioles, and, on the other hand,
the thinness and softness of fine cotton thread, and
what an extremely small weight one-sixteenth of o
grain (05 mg) is, these facts are remarkable. But
T have reason to believe that even a less weight excites
curvature when pressing over a broader surface than
that acted on by a thread. Having noticed that
the end of a suspended string which accidentally
touched a petiole, cansed it to bend, T took two
picees of thin twine, 10 inches in length (weighing
164 gr), and, tying them to a stick, let them hang as
nearly perpendicularly downwards as their thinness
and flexuous form, after being stretched, would per-
mit; T then quietly placed their ends so as just
t rest on two petioles, and theso certainly became
curved in 36 s, One of the ends touched the anglo
between o terminal and lateral sub-potiole, and it was
in 48 hours caught between them as by a forceps. I
these cases the pressure, though spread over a wider
surface than that touched by the cotton thread, must
have been excessively slight.

Clematis vitalba.—The plants were in pots and not
healthy, so that T dare not trust my observations, which
indicate much similarity in habits with O, fammula. T
mention this species only becanse I have seen many
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proofs that the petioles in & state of nature are excited
to movement by very slight pressure. For instance,
1 have found them embracing thin withered blades
of grass, the soft young leaves of & maple, and the
Hlower-peduncles of the quaking-grass or Briza. The
Iatter are about as thick as the hair of & man’s
Deard, but they were complotely surrounded and clasped,
The petioles of a leaf, so young that none of the leaflets
were expanded, had partially scized a twig. Those of
almost all the old leaves, even when unattached to any
object, are much convoluted; but this is owing to their
having come, whilst young, into contact during several

hours with some object subsequently removed,  With
none of the above-deseribed species, cultivated in pots
and carefully observed, was there any permanent
bending of the petioles without the stimulus of contact.
Tn winter, the blades of the leaves of C. vitalba drop
off; bt the petioles (as was observed by Mohl)
remain attached to the branches, sometimes during
two seasons; and, being convoluted, they curiously
resemble true tendrils, such s those possessed by
the allied genus Naravelia. Tho petioles which have
clusped some object become much more stiff, hard, and:
polished than those which have failed in this their
proper funetion.

Trorazory observed T. tricolorum, T. azureum,
. pentaphyllum, 7. peregrinum, T. clegans, T. tuberosum,
and a dwarf variety of, as T believe, 7. minus.

Troprealum  tricolorum, var.  grandifiorum.—The
flexible shoots, which first rise from the tubers, are

‘Museumn (London)
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as thin as fine twine. One such shoot revolved in a
course opposed to the sun, at an average rate, judging
from three revolutions, of 1hr. 23 m.; but no doubt
the direetion of the revolving movement is variable.
When the plants have grown tall and are branched,
all the many Iateral shoots revolve. The stem, whilst
young, twines regularly round a thin vertical stick,
and in one case I connted eight spiral tums in the
sume direction; but when grown older, the stem often
runs straight up for a space, and, being arrested by
the clasping petioles, makes one or two spires in a
reversed direction. Until the plant grows to a height
of two or three fect, requiring about a month from the
time when the first shoot appears above ground, no
true leaves aro produced, but, in their place, filaments
coloured like thie stem. The extremities of these
filaments are pointed, a little flattened, and furrowed
on the upper surfuce. They never become developed
into leaves. As the plant grows in height new fila-
ments are produced with slightly enlarged tips; then
others, bearing on each side of the enlarged medial tip
a rudimentary segment of a leaf; soon other segments
appear, and at last a perfect leaf is formed, with seve
deep segments. 8o that on the same plant we may see
everystep, from tendril-like clasping filaments to perfect
Leaves with elasping petioles.  After the plant has grown
toa considerable height, and is sceured to its support
by the petioles of the true leaves, the clasping fila-
ments on the lower: part of the stem wither and drop
off; 0 that they perform only a temporary service.
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These flaments or rudimentary leaves, as well as
the petioles of the perfect leaves, whilst young, are
highly sensitive on all sides to a touch. The slightest
rub caused them to curve towards the rubbed side in
about three minutes, and one bent itself into a ring
in six minntes; they subsequently became straight.
When, however, they have once completely clasped a
stick, if this is removed, they do not straighten them-
selyes. Thomost remarkable fact, and one which T have
observed in no other species of the genus, is that the
filaments and tho petioles of the young leaves, if they
cateh no objeet, after standing for some days in their
original position, spontaneously and slowly oscillate a
little from side to side, and then move towards the
stem and clasp it. They likewise often become, after
4 time, in some degree spirally contracted. They
therefore fully deserve to be called tendrils, as they
are used for climbing, are sensitive to a touch, move
spontancously, and ultimately contract into & spire,
though an imperfect one. The present species would
have been classed amongst the tendril-bearers, had not
these characters been confined to early youth. During
‘maturity n is a true leaf-climber.

—An upper i
mnlumms, following the sun, at an average rate of
1hr. 47m. The stom twined spirally round &
support in the same irregular mamner as that of the
lnst specics. Rudimentary leaves or filaments do not
exist. The petioles of the young leaves are very
sensitive: o single light rub with a twig caused one

domadat
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1o move perceptibly in 5m., and another in 6m.

The former became bent at right angles in 15 min., and
became straight again in between 5 hrs. and 6 hrs. A
loop of thread weighing 3th of a grain caused another
petiolo to curve.

Tropeolum pentaphyllum—This species has not the
‘powerof spirally twining, which seems due, not so much
to & want of flexibility in the stem, as to continual
interference from the clasping petioles. An upper inter-
node made three revolutions, following the sun, at an
average rate of 1hr. 46 m. The main purpose of
the revolving movement in all the species of Tro-
pazolum manifestly is to bring the petioles into contact
with some supporting object. The petiole of a young
Teaf, aftera slight rub, became curved in 6 m.; another,
on a cold day, in 20m.,, and others in from § m.
1010 m. Their curvature usually inereased greatly in
from 15m. to 20 m., and they became straight again in
between 5 hrs. and 6 hrs,, but on one oecasion in 3 hrs.
When a petiole has fairly clasped a stick, itis notable,
on the removal of the stick, to straighten itself. The
free upper part of one, the base of which had already
clasped a stick, still retained the power of movement. A
Toop of thread weighing 3th of a grain caused a petiole
to curve; but the stimulus was not suflicient, the loop
remaining suspended, to cause a permanent flexure. If
o mmeh heavier loop be placed in the angle between
the petiole and thestem, it produces no effeet ; whereas
we have seen with Clematis montana that the angle
between the stem and petiole is sensitive.
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Tropwolum paregrinum.—The first-formed internodes
of a young plant did not revolve, resembling in this
respeet those of @ twining plant. In an older plant
fhe four upper internodes made three irregular re-
Volutions, in  course opposed to the sun, at an avemge
rate of 1hr. 48 min. It is remarkable that the
average rate of revolution (taken, however, but from
fow observations) is very nearly the same in this and
the two last species, namely, 1hr. 47 m,, 1hr. 46m,
and 1hr. 48 m. The present species cannot twin
spirally, which scems mainly due to the rigility
of the stem. Ina very young plant, which did not
revolve, the petioles were not sensitive. In older
plants the petioles of quite young leaves, and of leaves
as much as an inch and a quarter in diameter, a
sensitive. A moderate rub caused one to curve in
10 m., and others in 20 m. They became straight
again in between 5 hrs. 45 m. and 8 hrs. Petioles
which have naturally come into contact with o stick,
sometimes take two tuns round it. After they have
clasped a support, they become rigid and hard. They
are loss sensitive to a weight than in the previous
species 3 for loops of string weighing ‘82 of @ grin
(5314 mg.), not cause any curvature, but a loop.
of double this weight (1:64 gr.) acted.

Tropeolum clegans.—1 did not make many obsér=
vations on this species. The short and stiff internodes
rovolye irregularly, deseribing small oval figures
One oval was completed in 3 hrs. A young petiole,
when rubbed, became slightly curved in 17 m.; anl
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aftervards mueh more so. Tt was nearly straight again
in 8 hrs,

Tropuotum tuberosum.—On u plant nine inches in
height, the internodes did not move at all; but on
an older plant they moved irregularly and made
small imperfect ovals. These movements could be
deteoted only by heing traced on a bell-glass placed
over the plant. Sometimes the shoots stood still for
hours; during some days they moved only in one
direotion in a crooked line; on other days they made
small irregular spires or circles, one being completed
in about 4 hrs. The extreme points reached by the
apex of the shoot were only about one or one and a half
inches asunder; yet this slight movement brought the
petioles into contact with some closely surrounding
twigs, which wero then lasped. With the lessened poer
of spontaneously revolving, compared with that of the
previous species, the sensitiveness of the petioles is
also diminished. These, when rubbed a few times,
did not become curved u

il Lalf an hour had elapsed ;
the curvature increased during the next two hours,
and then very slowly decreased; so that they some-
times required 24 hrs. to become straight again.
Extremely young leaves have active petioles; one
with the lamina only 15 of an inch in diameter, that
is, about a_ twentieth of the full size, firmly clasped
o thin twig. But leaves grown to a quarter of their
full size can likewise act,

Tropeolum minus (2)—The internodes of a variety
named * darf erimson Nusturtium” did not revolye,
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but moved in a rather irregular course during the
day to the light, and from the light at night. The
petioles, when well rubbed, showed no power of cury-
ing; nor could I sce that they ever clasped any
neighbouring object.  We have seen in this genus
a gradation from species such as 1. éricolorum, which
have extremely sensitive petioles, and internodes whieh
rapidly revolve and spirally twine up a support, to
other species such as T. clegans and . fuberosum, tho
petioles of which ave much less sensitive, and the in-
ternodes of which hu

very feeble revolving powers
and eannot spirally twine round a support, to this lust
species, which has entirely lost or never acquired these
faculties, From the general character of the genus,
the loss of pover se

the more probable alternative.
In the present species, in 1. elegans, and probably in
others, the flower-peduncle, as soon as the seed-capsule
begins to swell, spontancously bends abraptly down-
wards and hecomes somewhat convoluted. If a stick
standsin the way, it is to a cortain extent clasped ; but
as far as T have been able o observe, this clusping
movement is independent of the stimulus from contact.

Avtireusez—In this tribe (Lindley) of the
Serophulariacew, at least four of the seven included
genera haye leaf-climbing species.

Maurandia Bardayana.—A  thin, slightly bowed
shoot made two revolutions, following the sun, each i
3 s, 17 min.; on the previous day this same shoot
revolved in an_opposite direction. The shoots donob
twine spiraliy, but climb excellently by the aid of
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their young and sensitive petioles. These petioles,
when lightly rubbed, move after a considerable interval
of time, and subsequently o straight again. A
Toop of thread weighing 1th of a grain caused them to
bend.

Maurandia — semperflorens.—This freely growing
species climbs exactly like the last, by the aid of its
sensitive petioles. A young intenode made two
cireles, each in 1 hr. 46 min. ; so that it moved almost
twice as rapidly as the last specics. The internodes
are not in the least sensitive to a touch or pressure, 1
mention this because they are sensitive in a c losely allied
genus, namely, Lophospermum.  The present species is
unique in one respect. Mol asserts (p. 43) that “ the
flower-peduncles, as well as the petioles, wind like
tendrils;” but he classes as tendrils s||4<|l uh]»r(:
as the spiral flower-stalks of the Vallisne
remark, and the fact of the flower-peduncles bei
decidedly flexuous, led me carefully to exami
them. They never act as true tendrils; I repeatedly
placed thin sticks in contact with young and old
peduncles, and I allowed nine vigorous plants to
grow through an entangled mass of branches; but
in no one instance did they bend round any object.
It is indeed in the highest degree improbable that
this should oceur, for fhey are generally developed on
branches which have already securely clasped a
support by the petioles of their leaves; and when
bore on a free depending branch, they are not
produced by the terminal portion of the internode

ol
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which alone has the power of revolvings 5o that they
conld be brought only by necident into contact with
amy neighbouring object. Nevertheless (and this is
the remarkable fact) the fower-peduncles, whilst
hibit feeble revolving powers,and are slightly.
© 10 a touch. Having selected some stems
which had firmly clasped u stick by their petioles,
and having placed a bell-glass over them, T traced
the movements of the young flower-peduncles. The
tracing generally formed o short and extremely irre-
gular line, with little loops in its course. A young
peduncle 1y inch in length was carefully obsersel
during a whole day, and it made four and o half
narrow, vertical, irregular, and short_ellipses—each
at an average Tate of about 2 hrs. 25 m. An ad-
joining peduncle described during the same time
similar, though fever, ellipses. As the plant had
oceupied for some time exactly the same position,
these movements could not be attributed to any chinge
in the nction of the light. Peduncles, old enongh for
the coloured petals to he just visible, do not move:
With respect to imitability,” T rubbed two young
peduncles (1} inch in length) a few times very lightly
with a thin twig; one was rubbed on the upper, and:
the other on the lower side, and they became in
betwoen 4 hrs. and 5 hrs. ditinetly bowed towards

* It appers from A, Kerme's  when they re rubbed of VRS
inkrtig omerrany hat he e Schutzmittel des Pollosk
llmdmu!ulu’g enmmber  1676,p.84
o imitable, ond bend

bl
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these sides; in 24 hrs. subsequently, they straightened
themselyes.  Nest day they were rubbed on the
opposite sides, and they beeame perceptibly curved
towards these sides. Two other and younger pe-
duncles (three-fourths of an inch in length) were
lightly rubbed on their adjoining sides, and they be-
came so much curved towards one another, that the
arcs of the bows stood at nearly right angles to their
previous direction ; and this was the greatest movement
scen by me. Subsequently they straightened them-
selves.  Other peduncles, so young as to be onl;
three-tenths of an inch in length, became curved w
rubbed. On the other hand, peduncles above 1 i
in length required to be rubbed two or three times,
and then beeame only just perceptibly bowed. Loops

of thread suspended on the peduncles produced no
ighing 82 and 164
of a grain sometimes caused a slight curvature; but
they were never closely clasped, as were the far lighter
Toops of thread by the petioles.

In the nine vigorous plants observed by me, it is
certain that neither the slight spontancous movements
mor the slight sensitiveness of the flower-peduncles
aided the plants in climbing. If any member of the
Scrophulariacew had possessed tendrils produced by
the modification of flower-peduncles, T should have
thought that this species of Maurandia had perhaps
retained a useless or rdimentary vestige of a former
habit; but this view cannot be maintained. We may
suspect that, owing to the principle of correlation,

effect; loops of string, however, w
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the power of movement has been transferred to the
flower-peduneles from the young internodes, and sensi-
tiveness from the young petioles. But to whatever
cause these capacities are due, the case is interest-
ing; for, by a little increase in power through natural
selection, they might easily have been rendered as
useful to the plant in climbing, as are the flower-
peduncles (hereafter to be  described) of Vitis or
Cardiospermum,

Rhodochiton volubile—A. long flexible shoot swept a
large circle, following the sun, in 5 hrs. 80 m. ; and, as
the day became warmer, a second eirclo was comploted
in 4 Trs. 10 m.
or a half spire round a vertical stick, they then run
e, and afterwards turn. spirally in
an_ opposite direction. The petioles of very young
Jeaves about one-tenth of their full size, are highly
sensitive, and bend towards the side which is touched;
but they do not move quickly. One was perceptibly
curved in 1 hr. 10 m,, after being lightly rubbed, and
became considerably curved in 5 hrs. 40 m.; some
others were scarcely curved in 5 hrs. 80 m, but dis:
tinetlyso in 6 hrs. 30 m, A enrvature was perceptible
in one petiole in between 4 hrs. 80 m. and 5 hrs,
after the suspension of a little loop of string. A
loop of fine cotton thread, weighing one sixteenth of &
grain (405 mg.), not only caused a petiole slowly 0
Dend, but was ultimately so firmly clasped that it
could be withdrawn only by some little force. The
petioles, when coming into contact with a stick, take

The shoots sometimes make a whole

straight up for a spac
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cither a complete or half a turn round it, and ultimately
increase much in thickness. They do not possess the
power of spontaneously revolving.

Lophospermum  scandens, var. purpureum.— Some
long, moderately thin internodes made four revolu-
tions at an average rate of 3 hrs. 15m. The course
pursued was very irregular, namely, an_extremely
narrow ellipse, a large circle, an irregular spire or a
zigag line, and sometimes the apex stood still. The
young petioles, when brought by the revolving move-
ment into contact with sticks, clasped them, and soon
incrensed considerably in thickness. But they are
quite so sensitive to a weight as those of the Rhodochi-
{on, for loops of thread weighing one-eighth of a grain
did not always cause them to bend.,

Mhis plant presents o case not observed by mo in
any other leaf-climber or twiner,* namely, that the

ot

young internodes of the stem are sensitive to u
touch, When a petiole of this species clasps a stick,
it draws the base of the internode against it; and theri
the internode itself bends towards the stick, which
canght between the stem and the petiole as by a pair
of pincers. The internode afterwards straightens itself,
excepting the part in actual contact with the stic
Young internodes alone are sensitive, and these arc
sensitive on all sides along their whole length, Imade

* 1 hase already referred to tho  Vries (bid. p. 822) is sensitive to
‘case of the twining stem of Cuse 4 toueh liko a tendril,
cuts, which, according fo H. de
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fifteen trials by twice or thrice lightly rubbing with
thin twig several internodes; and in about 2 hrs, but
in one case in 3 hrs,, all were bent: they became
straight again in about 4 hrs. afterwards. An inter-
node, which was rubbed as often us six or seven times,
became just perceptibly curved in 1 hr. 15 m., and
in 8 hrs. the curvature increased much; it becumo
straight again in the course of the succeeding night,
I rubbed some internodes one day on one side, and
the next day either on the opposite side or at right
angles to the first side; and the eurvature was always
towards the rubbed side.

According to Palm (p. 63), the petioles of Linaria
cirrhosa and, to a limited degree, those of L elutins
have the power of clasping a support.

SoraNAcEE—Solanum._jasminoides.—Some of the
species in this large genus are twiners; but the present
species is a true leaf-climber. A long, nearly upright

shoot made four revolutions, moving against the sun,
very regularly at an average rate of 3 hrs. 26 m. The
shoots, however, sometimes stood still. Tt is con
sidered o greenhouse plant; but when kept there, the
petioles took several days to clasp a stick: in the
hothouse  stick was clasped in 7 hrs. In the greens
house o petiole was not affected by a loop of string,
suspended _during several days and weighing 2§
grains (163 mg.); but in the hothouse one was

to curve by a loop weighing 1-64 gr. (10627 mg.); and,
on the removal of the string, it became straight again.
Another petiole was ot at all acted on by a loop
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weighing only 82 of a grain (5314 mg) We have
seen that the petioles of some other leaf-climbing plants
are affected by one-thirteenth of this latter weight. In
this species, and in no other leaf-climber seen by me,
a full-grown leaf is capable of clasping a stick; but in
the greenhouse the movement was so extraordinarily

Fig.s.
Suanum jarminoide, with o of 1 pticesclasping o ik

slow that the act required several weeks; on each
succeeding woek it was clear that the petiole had
become more and more curved, until at last it firmly
clasped the stick.

The flexible petiole of a half or a quarter grown
leaf which has clasped an objoct for three or four
days increases much in thickness, and after several
weeks becomes o wonderfully hard and rigid that it
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can hardly e removed from its support. On eome
paring a thin transverse slico of such a petiole with ane
from an older leaf growing close beneath, which had not
clasped anything, its diameter was found to be fully
doubled, and its structure greatly changed. In two
ather petioloexim Aty S up I

the inerease in diameter was not quite so great. In
the section of the petiole in its ordinary state (4),
we see a semilunar band of cellular tissuo (not

g
T, —

B O e T cusedt sk, e shown 1 g 3.
well shown in the woodeut) differing slightly in
appearance from that outside it, and including three
closely approximate groups of dark vessels. Near
the upper surface of the petiole, beneath two exterior
ridges, there are two other small circular groups of
vessels. In the section of the petiole (B) which had
clasped during several weeks a_ stick, the two exterior
ridges have become much less prominent, and the w0
groups of woody vessels beneath them much inereased
in diameter. The semilunar band has been converted
into a complete ring of very hard, white, woody
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tissue, with lines radiating from the centre, The
three groups of vessels, which, though near together,
were before distinct, are now completely blended.
The upper part of this ring of woody vessels, formed
by the prolongation of the horns of the original semi-
lunar band, is narrower than the lower part, and
slightly less compact. This petiole after clasping the
stick had actually become thicker than the stem
from which it arose; and this was chiefly due to the
increased thickness of the ring of wood, This ring
presented, both in a transverse and longitudinal
ion, o closely similar structure to that of the
stem. Tt is a singular morphological fact that
the petiole should thus acquire o structure almost
identically the same with that of the axis; and it
is a still more singular physiological fact that so great
a change should have been induced by the mere act
of clasping a support.*

Fusamiaces—Fumaria oficinalis—It could not
have been anticipated that so lowly o plant as this
Fumaria should have been a climber. It climbs by
the aid of the main and lateral petioles of its com-
pound leaves; and even the much-flattened terminal

# D Maxwell Mastorainforms  surfuces. Tn accordance with this
mo that in almost all petioles  statement, it may bo obserscd
hidh aro_cylindrical, such us  fhat the enlarged and_clasped

Vessels being
confived 4o petioles which are was in its original unclasped
channelled along their upper  condition,
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portion of the petiole can seize a support. 1 haye
seen a substance as soft as a withered blade of grss
canght. Petioles which have clasped any object
ultimately become rather thicker and more eylindri-
cal. On lightly rubbing several petioles with u twig,
they became perceptibly curved in Lhr. 15m, and
subsequently struightencd themselves. A stick gently
placed in the angle between two sub-petioles excited
them to move, and was almost clasped in 9 hrs, A
Toop of thread, weighing one-cighth of a grain, caused,
after 12 hrs, and before 20 hrs. had elapsed, a consider-
able curvature; but it was never fairly clasped by the
petiole. The young internodes are in continual move
ment, which is considerable in extent, but very iregu-
lar; a zigrag line, or a spire crossing itself, or u figure
of 8 being formed. The course during 12 hrs,, when
traced on a bell-glass, apparently represented about
four ellipses. The leaves themselves likewise move
spontancor

, the main petioles curving themselves
in accordance with the movements of the internodes;
5o that when the latter moved to one side, the petioles
moved to the ssme side, then, becoming straight,
reversed their curvature. The petioles, however,
do not move over a wide space, as could be seen when,
a shoot was securely tied to u stick. The leaf in this
case followed an irregular course, like that made by
the internodes.

Adlumia cirrhosa.—T maised some plants late in the
summer; they formed very fine leaves, but threw
up no central stem. The first-formed leaves were not
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sensitive; some of the later ones were so, hut only
towards their extremities, which were thus enabled to
elasp sticks. This could be of no service to the plant,
as these leaves rose.from the ground;-but it showed
what the future character of the plant would have
been, had it grown tall enough to climb. The tip
of ane’ of these basal leaves, whilst young, described
in 1hr. 36m. a narrow ellipse, open at one end, and
exetly three inches in length; a second ellipse was
broader, more irregular, and shorter, viz, onl;
inches in length, and was completed in 2hrs. 2m.
From the analogy of Fumaria and Corydalis, T have no
doubt that the internodes of Adlumia have the power
of revalving.

Corydalis ~ clavienlata—This plant is interesting
from being in a condition so exactly intermediate
between o leaf-climber and a tendril-bearer,  that it
might have been described under either head; but,
for reasons hereafter assigned, it has been classed
amongst tendril-bearers.

Besides the plants already described, Bignonia
wunguis and its close allies, though aided by tendrils,
have clasping petioles.  According to Mobl (p. 40),
Cocendus Japonicus (one of the Menispermacese) and a
fern, the Ophioglossum Japonicum (p. 39), climb by
their leafstalks.

We now come o o small section of plants which
climb by means of the produced midribs or tips of
their Teaves.

Darwin Online: By permission of the Trustees of the Natural History.
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Liutacex.—Gloriosa Plantii—The stem of a halfs
grown plant continually moved, generally describe
ing an irregular spire, hut sometimes oval figures
with the longer axes directed in difforent lines, It
cither followed the sun, or moved in an opposite
course, and sometimes stood still before reversing ity
ditection.  One oval was completed in 3hrs. 40m.; of
two horseshoe-shaped figures, one was completed in
and the other in 3 hrs. The shoots, in their
movements, reached points between four and five

inches asunder. The young leaves, when first de-
veloped, stand up mearly vertically; but by the
growth of the axis, and by the spontancous bending
down of the terminal half of the leaf, they soon
become much inclined, aud ultimately horizontal.
The end of the leaf forms a marrow, ribhon-like,
thickened projection, which at first is nearly straight,
but by the time the leaf gets into an inclined position,
the end bends downwards into o well-formed hook.

This hook is now strong and rigid enough to cateh
any object, and, when caught, to anchor the plant and
stop the revolving movement, Its imner surfuco is
sensitive, but not in nearly so high a degreo as that

of the many before-deseribed petioles; for a loop of
string, weighing 164 grain, produced no effect
When the hook has caught a thin twig or even &
rigid fibre, the point may be perceived in from 1hr. to
Bhs. to have curled a little inwards; and, under
. it curls round and perma-
in from 8 hrs, to 10 hrs

favourable circumstan
nently seizes an_ objec

Darwin Online: By permission of the Trustees of the Natural History:
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The hook when first formed, before the leaf has
bent downwards, is but little sensitive. If it catehes
bold of nothing, it remains open and sensitive for
a long time; ultimately the extremity spontancously
and slowly curls inwards, and makes a button-like,
flat, spiral coil at the end of the leaf. One leaf
was watched, and the hook remained open for thirty-
three days; but during the last week the tip had
curled so much inwards that only a very thin twig
could have been inserted within it. As soon as the
tip has curled so muchi inwards that the ook
verted into a ring, its sensibi

con-

ty is lost ; but as long as
it remains open some sensib

s refaine
Whilst the plant was only about six inches in

height, the leaves, four or five in number,

broader than those subsequently produced ; thes
and but little-attenuated tips were not sensitive,
and did not form hooks ; nor did the stem then revolve,
At this early period of growth, the plant can support
itself; its climbing powers are
consequently are not developed.

ot required, and

again, the leaves
on the summit of a full-grown flowering plant, which
would not require to climb any higher, were not sensi-
tive and could not elasp a stic
perfeet is the economy of nature.
CoMMELYNACE % — Flagellaria Tudica.
specimens it is manifest that this plant climbs exactly
likothe Glorioss. A young plant 12 inches in height,
and bearing fifteen leaves, had not a single leaf as yet
produced into & hook or tendril-like filament; nor did

. We thus see how

From dried
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the stem revolve. Hence this plant acquires its
climbing powers later in life than does the Gloriosa
lily. According to Mobl (p. 41), Urularia (Melan-
thaces) also elimbs like Gloriosa.

These three last-named genera are Monocotyledons;
but there is one Dicotyledon, namely Nepenthes, which
is ranked by Mohl (p. 41) amongst tendsil-bearers;
and I hear from Dr. Hooker that most of the species
climh well at Kew. This is effected by the stalk o
midrib between the leaf and the pitcher coiling round
any support. The twisted part becomes thicker; but
I observed in Mr. Veiteh's hothouse that the stalk
often takes a tun when mnot in contact with any
object, and that this twisted part is likewise thickened.
o vigorons young plants of N. Levis and . disilla-
toria, in my hothouse, whilst less than a foot in
height, showed no sensitiveness in their leaves, and

had no power of climbing. But when N, lavis

grown to o height of 16 inches, there were signs of
these powers. The young leaves when first formed
stand upright, but soon become inclined ; at this
period they terminate in a stalk or filament, with the
pitcher at the extremity hardly at all developed:
The leaves now exhibited slight spontaneous move-
ments; and when the terminal filaments came into
contact with a stick, they slowly bent round and
ly seized it. But owing to the subsequent
growth of the leaf, this filament became after a time
quite slack, though still remaining firmly coiled
round the stick. Hence it would appear that the
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chief use of the coiling, at least whilst the plant is
young, is to support the pitcher with its load of
secreted flui

Summary on Leaf-climbers—Plants belonging to
cight families are known to have clasping petioles, and
plants belonging to four families climb by the tips of
their leaves, In all the species observed by e,
with one esception, the young internodes revolve m
or less regularly, in some cases as regularly as those
of a twining plant. They revolve at various rates,
in most cases ather rapidly. Some few can ascend
by spirally twining round a support. Differently from
most twiners, there is a strong tendency in the same
shoot to revolve first in one and then in an opposite
direction. The object gained by the revolving move-
ment is o bring the petioles or the tips of the leaves

into contact with surrounding objects ; and without this
aid the plant would be much less successful in climb-
ing. With rare exceptions, the petioles are sensitive
only whilst young. They are sensitive on all sides,
but in different degrees in different plants; and in
some species of Clematis the several parts of the same
petiole differ much in sensitiveness., The hooked
tips of the leaves of the Gloriosa are sensitive only on
their inner or inferior surfaces. The petioles are sen-
sitive to @ touch and to excessively slight continued
pressure, even from a loop of soit thread weighing
only the onesixteenth of & grain (405 mg); and
there is reason to believe that the rather thick and
A
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SHff petioles of Clematis flammda axe sensitive to even
much less weight if spread over a wide surface, The
petioles always bend towards the side which is pressed
or touched, at different rates in different species,
sometimes within a fow minutes, but generally after
a much longer period. After temporary contact with
any object, the petiole continues to bend for & cone
siderable time afterwards it slowly becomes straight
zain, and can then re-nct. A petiole excited by an
v slight weight sometimes bends a little, and!
then becomes acoustomed to the stimulus, and cither
bends 1o more or becomes straight again, the weight
still remaining suspended. Petioles which have clusped
an object for some little time camnot recover their

original position. After remaining clasped for two or
three days, they generally increase much in thickness
cither throughout their whole diameter ot on one side
alone ; they subsequently become stronger and mors
woody, sometimes to & wonderful degree; and in some
cascs they acquire an internal structure like that of the
stom or axis.

The young internodes of the Lophospermum as well
as the petioles are s 1o a touch, and by their
it seize an object. The flower-
poduncles of the Maurandia semperflorens revolye
spontaneously and are sensitive to a touch, yet are not
imbing. The leaves of at least two, and,
probubly of most, of the species of Clematis, of Fumaria
and Adlumia, spontancously curve from side to side,
like the internodes, and are thus better adapted t0

nsiti

combined movem

used for
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seize distant objects. The petioles of the perfect
Teaves of Tropeolum tricolorum, 1s well as the tendril-
like filaments of the plants whilst young, ultimately
move towards the stem or the supporting stick, which
they then clasp. These petioles and filaments also
show some tendency to contract spirally. The tips of
the uncaught leaves of the Gloriosa, us they grow old,
contract into a flat spire or helix. These several fucts
are interesting in relation to true tendrils.

With leaf climbers, as with twining plants, the first
internodes which rise from the ground do not, at least
in the cases observed by me, spontancously revoly
nor are the potioles or tips of the

formed leaves
sensitive. In certain species of Clemati, the larg
of the leaves, together with their habit of revolving,
and the extreme sensitivencss of their petioles, appear
to render the revolying movement of the internodes
superftuous; and this Itter power has consequently
become much enfecbled. In certain species of Zro-
paalum, oth the spontancous movements of the inter-
nodes and the sensitiveness of the petioles have hecome
much enfeebled, and in one species have been com-
pletely lost.

G2
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CHAPTER IIL
Taoun-Beawms,

Nutureot
es of climbing—Tendrils which avoid tho e
o crovis—Doncapmect of aibesve dine R
tions for ioNIAEE—
Cotas wandons, much branched and hookod tendrl, thes manmer
of ‘action—Lreramxoss—Corostrai—SunAces—Smilas aspers,
s ineficient. tendrils—FexARiAce—Corydalis clavieulatdy it
state inermediate between that of  leaCelimber aud & tendsil-
bearer.

By tendrils T mean filamentary organs, sensitive to
contact and used exclusively for climbing. By this
definition, spines, hooks and rootlets, all of which are
used for elimbing, are excluded. True tendril are
formed by the modification of leaves with their petioles,
of flower-peduncles, branches,* and perhaps stipules.

* Neves bavog bod theoppor (1) Plews supporting themselves
tunity of oxa endsils  simply by thelr branclie strelched
i iicaton of  out o right anglenfr examtl
branches, Tspoke doubtfully about  Chioeoeea.

o ' this owey when i+ suppot with thel

ginally published.  But since  branches,

then Fritz Mllor has deseribed () Plants rhmlun: by the ex-
(Journal of Linn. Soe. vol. ix. . tremities of U whieh
344 many ring casn Sl openr ke Lendrin e is o
Bruzl. In spo

aconnling to_Fudliher
T, (4) Plants with thelr
branches much modified e
temporarily conselel inf {68
drile but which may be agn

which climb by the
brunches, waro. o less M
he stutes that the following stages
of development can be tmced

Micoum e %



Cuar. 1L TENDRIL-BEARERS. 8

Mok, who includes under the name of tendrils varions
organs having a similar external appeatance, classes
them according to their homological nature, as heing
modified leaves, flower-peduncles, &e. This would o
an excellent seheme ; but T observe that botanists are
by no means unanimous on the homological nature of
certain tendrils, Consequently Twill deseribe tendril.
bearing plants by natural families, following Lindley's
classification ; and this will in most cases keep those of
the same nature together. The species to be described
belong to ten families, and will be given in the
{olloving orlet —Bioniaese, Palmoniace, Legi-
‘minoss, Composi

Vitaces, Supmdawm, Passifloracen.*

transformed into branches,as with  singular phenomenon of the spon-
oorin, Paplloncios plnt e of
@) Pl it branhos vl 1

i i presume, observed likewiso the
uuhulnly  pren ey revolving movement of tendrils;
Strychnos and. Caltretus. Even  but I do not focl sure of his, for

oud a spport. I may add that  movement of the tendsil i the

common pea.
imen of an Acuia which o tht tendis aro v 10
R e up fhe e o s oot ot o oo

e o o, hry the aid of  probubly from observing too old

ril-like, curved ®emvliad el bo wa 1ot amaro bow

el Gy sensitive they were, and thought

N 8 Tl i s i pmong e e

recurved hooks. sary o excito their movement.

* mr.mu.nmmam e P An Gry, ins puper
Kuo d

B e
perstil ! bl o1t

en sk Bt vou Mo f b ovamens of s e
o ‘bout the same time the  of certain Cucurbifacoous plants.
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Braxoxtackx,—This family contains many tendril-
bearers, some twiners, and some root-climbers. The
tendrils always consist of modified leaves. - Nino species
of Bignonia, selected by hazard, are here deseribed,
in order to show what diversity of structure and
action there may bo within the same genus, and to
show what remarkable powers some tendrils possess.
The species, taken together, afford connecting links

Fig. 5.

Bigeni.
nsamed speies rom Kew.

between twiners, leaf-climbers, tendril-bearers, and root-
climbers.

Bignonia (an wnmamed species from Kew, closely
alliod to B. unguis, bt with smaller and rather broader
leaves)—A young shoot from & cut-down plant made
three revolutions against the sun, at an average rate of
The stem is thin and flexible; it twined
round & slender vertical stick, ascending from left o
ht,us perfoctly and as regularly as any true tvining:

2 hrs, 6

plant. When thus ascending, it makes 1o use of its
tendrils or petioles; but when it twined round &
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rather thick stick, and. its petioles were bronght into
contact with it, these curved round the stick, showing
that they have some degree of imitability. The
petioles also exhibit a slight degree of spontaneous
movement; for in one ease they certainly described
minute, irregular, vertical ellipses. The tendrils ap-
parently curve them:
side with the petioles; but from various causes, it was
difficult to observe the movement of cither the tendrils
or petioles, in this and the two following spe
The tend
those of B. unguis, that one des

es spontancously fo the same

are so closely similar in all respects to

pion will suffice.

Bignonia unguis—The young. shoots revolve, but
less regularly and less quickly than those of the last
imperfect
stick, sometimes reversing its direct

species. The stem twine

Iy round u vertical
on, in the same
v leaf-climbers; and

manner as described in so ma
this plant though possessing tendrils, climbs to o
certain extent like a leaf-climber. Hach leaf consists
of a petiolo bearing a pair of leaflets, and termina

in u tendril, which is formed by the modification of
bles that above figured
(fig. 5). But it is a little larger, and in a young plant
was about half an inch in length. Tt is curionsly like
the leg and foot of a small bird, with the hind toe cut
off. The straight leg or tarsus is longer than the three
toes, which are of equal length, and diverging, lie in
the same plane. The toes ferminate in sharp, hard
claws, much curved downwards, like those on a bird’s
foot. The petiole of the leaf is sensitive o contact ;

three leaflets, and closely resen
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even o small loop of thread suspended for two days
cansed it to bend upwards; but the sub-petioles of
the two lateral leaflets are not sensitive. The whole
tendril, namely, the tarsus and the thres toes,
are likewise sensitive to contact, especially on their
under surfaces. When a shoot grows in the midst of
thin branches, the tendrils are soon brought by the
revolving movement of the internodes into contacy

with them; and then one toe of the tendsil or more,
commonly all three, bend, and after several hours seize
fust hold of the twigs, like @ bird when perched. If
the tarsus of the tendril comes into contact with
goes on slowly bending, until the whole foot
is carried quite ronnd, and the toes pass on each side
of the tarsus and seizeit. In like manner, if the petiole
comes into contact with a twig, it bends round, carry=
ing the tendril, which then se
that of the opposite leaf. The petioles move spon-
taneously, and thus, when a shoot attempts to twine
round an upright stick, those on both sides aftera time
come into contact with it, and are excited to bend.
Ultimately the two petioles clasp the stick in opposite
directions, and the foot-like tendrils, seizing on each:
other or on their own petioles, fasten the stem to the
support with surprising security. The tendrils are
thus brought into action, if the stem twines round &
thin vertical stick; and in this respect the present
species differs from the lnst. Both species use their
tendrils in the same manner when passing through &
thicket. This plant s one of the most efficient elimbers

its own petiole or
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which T have observed ; and it probably could ascend
a polished stem incessantly tossed by heavy storms.
To show how important vigorous health is for the
action of all the parts, T may mention that when I
first examined a plant which was growing moderately
well, though not vigorously, I concluded that the
tendrils acted only like the hooks on a bramble, and
that it was the most feeble and inefficient of all
climbers

Bignonia Tweedyana.—This species is closely allied
to the last, and behaves in the same manner; but
perhaps twines rather better round a vertical stick.
On the same plant, one branch twined in one direction
and another in an opposite direction. The internodes

in one case mad two cireles, ench in 2 hrs. 33 m. T
was enabled to observe the spontancons movements of
the petioles better in this than in th
spec

two prece
one petiole deseribed three small vertical
ellipses in the course of 11 hrs, whilst another
moved in an irregular spire. Some little time after
a stem has twined round an upright stiok, and is
securely fastened to it by the clasping petioles and
tendrils, it emits aérial roots from the bases of its
leaves; and these roots curve partly round and adhere
to the stick. This species of Bignonia, therefore, com-
bines four different methods of climbing generlly
characteristic of distinet plants, namely, twining, leaf-
climbing, tendril-climbing, and root-climbing.

In the threo foregoing species, when the foot-like
tendril has caught an object, it contimues to grow

ng
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and thicken, and ultimately becomes wonderfally
strong, in the same manner as the petioles of leaf-
climbers. If the tendril catehes nothing, it first
slowly bends downwards, and then its power of clasping
is lost.  Very soon afterwards it disarticulates itself
from tho petiole, and drops off like a leaf in autumn,
1 have seen this process of disarticulation in no other
tendrils, for these, when they fuil to catch an object,
merely wither avay.

Bignonia venust

The tendrils differ considerably
from those of the previous species. The lower part,
o tarsus, is four times as long as the threa toes; these
are of equal length and diverge equally, but do not
lie in the same plane; their tips are bluntly hooked,
and the whole tendril makes an excellent grapnel. The
tarsus is sensitive on all sides; but the threo toes are
sensitive only on their outer surfaces. The sensitive-
ness is not much developed ; for a slight rubbing with
a twig did not cause the tarsus or the toes to become
curved until an hour had elapsed, and then only
in a slight degree. Subsequently they straightened
themselves. Both the tarsus and toes can seize well
hold of sticks. ~If the stem is secured, the tendsils are
seen spontaneously to sweep large ellipses; the two
opposite tendrils moving independently of one another.
T have o doubt, from the analogy of the wo folloving
icd specics, that the peti

but they are not irritable like those of B. wwmd
B. Tweedyana. The young internodes sweep large
circles, one being completed in 2 hrs. 15 m., and

Darwin Online: By permission of the Trustees of the Natural History
Muscur (Lo



Cuar. 1L BIGNONIACEZ, 91

a second in 2 hrs. 55 m. By these combined moy
ments of the internodes, petioles, and grapnel-like
tendrils, the latter are soon brought into contact with
surrounding objects. When a shoot stands near an
upright stick, it twines regularly and spirally round
it As it ascends, it seizes the stick with one of its
tendrils, and, if the stick be thin, the right- and left-
hand tendrils are alternately used. This alternation
follows from the stem necessarily taking one twist
round its own axis for each completed circle.

The tendrils contract spirally a short time after
catching any object; those which catch nothing merely
bend slowly downwards. But the whole subject of
the spiral contraction of tendrils will be discussed
after all the tendril-bearing species have been de-
seribed,

Bignonia littoralis—The young internodes revolve

in lurge cllipses. An internode bearing immature
tendrils made two revolutions, each in
but when grown older with the tendrils mature, it
made two ellipses, each at the rate of 2 hrs. 44 m.
This species, unlike tho preceding, is incapable of
tining round a stick: this does not appear to be
due to any want of flexibility in the internodes or
to the action of the tendrils, and certainly not to
any want of the revolving power; nor can T account
for the fact. Nevertheless the plant readily ascends
o thin upright stick by seizing a point above with its
10 opposite tendrils, which then contract spirally. 1t
the tendsils seize nothing, they do not become spiral.
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The species last described, ascended a vertical stick
by twining spirally and by seizing it altemately with
its opposite tendrils, like a sailor pulling himself up
a rope, hand over hand ; the present species puls itself
up, like a sailor seizing with both hands together a
rope above his head.

The tendrils are similar in structure to those of the
last species. They continue growing for some time,
even after they have clasped an object. When fully
grown, though borne by a young plant, they are  inches
in length. The three divergent toes are shorter ro-
latively to the tarsus than in. the former species; they
are blunt, at their tips and but slightly hooked; they
are not quite equal in length, the middle ono being
rather longer than the others. Their outer surfuces
are highly sensitive; for when lightly rubbed with
a twig, they became perceptibly curved in 4 m. and
greatly curved in 7 m. Tn 7 hrs. they became straight
again and were ready to re-nct. The tursus, for the
space of one inch close to the toes, is sensitive, but
in a rather less degree than the toes; for the latter,
after a slight rubbing, became curved in ubout half the
time. Even the middle
to prolonged contact, as soon as the tendril has arrived
at maturity.  After it has grown old, the sensitiveness
is confined to the toes, and these are only able to curl
very slowly round a stick. A tendril is perfectly ready
to act, as soon s the threo toes have diverged, and
at this period their outer surfuces first become irritable:
The irritability spreads but little from one part when

art of the tarsus is sensitive
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excited to another : thus, when a stick was caught by
the part immediately beneath the three toes, theso
seldom clasped it, but remained sticking straight out.

The tendsils revolve spontancously. The movement
begins before the tendril is converted into & three-
pronged grapnel by the divergence of the tocs, and
before any part has become sensitive; so that the
revolving movement is useless at this early period.
The movement is, also, now slow, two ellipses being
completed conjointly in 24 hrs. 18 m. A mature ten-
dril made an ellipse in 6 hrs.; so that it moved much
more slowly than the internodes. The ellipses which
were swept, both in a vertical and horizontal plane,
were of large size. The petioles are not in the least
sensitive, but revolve like the tendrils, We thus see
that the young internodes, the petioles, and the ten-
drils all continue revolving together, but at different

rates, The movements of the tendrils which rise
opposite one another are quite independent. Hence,
when the whole shoot is alloved frecly to revolve,
nothing can be more intricate than the coursoe followed
by the extremity of each tendril. A wide space is
thus irregularly searched for some object to be
grasped.

One other curious point remains to be mentioned.
In the course of a few days fter the toes have closely
clasped a stick, their blunt extremitics become de-
veloped, though not invariably, into irregular disc-
like balls which have the power of adhering firmly to
the wood. As similiar cellular outgrowths will be
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fully deseribed under B. enprealata, T will hero say
nothing more about them.

Bignonia. wquinoctialis, vax. Chamberlayni
internodes

The
the elongated non-sensitive petioles, and
the tendrils all revolve. The stem does not twine,
but ascends a vertical stick in the sume mammer us
the last species. The tendrils also resemble those of
the last species, but are shorter; the three toos are
moro unequal in length, the two onter ones being
about one-third shorter and rather thinner than the
middle too; but they vary in this respect. They
torminate in small hard points; and what is important,
cellular adhesive dises are not developed. The re-
duced size of two of the toes as well as their lessened
sensitiveness, seem to indicate a tendency fo abortion s
and on one of my plants the first-formed tendrils were
sometimes simple, that is, were not divided info three
toes.  We are thus naturally led to the three following
species with undivided tendrils:—

The young shoots revolve irregu-
larly, making narrow ellipses, spires or circles, at rates
varying from 3 hrs. 30 m. to 4 hrs. 40 m.; but they
show no tendency to twine. Whilst the plant is
young and does not require a support, tendrils are
not developed. Those borne by a moderately young
plant were five inches in length. They revolve spon-
tancously, as o the short and non-sensitive petioles:
When rubbed, they slowly bend to the rubbed side
and subscquently straighten themselyes 3 but they are
not highly sensitive. There is something strange in

Bignonia speciosa.
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their behaviour: I repeatedly placed close to them,
thick and thin, rough and smooth sticks and posts, as
well as string suspended vertically, but none of theso
bjects were well seized. After clasping an upright

stick, they repeatedly loosed it again, and often would
not seize it at all, or their extremities did not coil
observed hundreds of tendrils
g to various Cucurbita

closely romnd. T have
belong
and Leguminous plants, and nover saw one behave in
this manner. When, however, my plant had grown
to a height of eight or nine feet, the tendrils acted
much better. They now seized a thin, upright stick
horizontally, that is, at a point on their own level, and
not some way up the stick as in the case of all the
previous species. Nevertheless, the non-twining stem
was enabled by this means to ascend the stick.

cous, Passifloraceous,

The extremity of the tendril is almost straight and
sharp.  The whole terminal portion exhibits a singular
habit, which in an animal would be called an instinet ;
for it continually searches for any little erevice or holo
into which to insert itself. I had two young plants;
and, after having observed this habit, I placed near
them posts, which had. becn bored by beetles, o had
become fissured by drying. The tendrils, by their
own movement and by that of the internodes, slowly
travelled over the surface of the wood, and when the
apex came to a hole or fissure it inserted itself; in
order to effect this the extremity for a length of half
o quarter of an inch, would often bend itself at right
angles to the basal part. 1 have watehed this process
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between twenty and thirty times. The same tendsil
would frequently withdraw from one hole and insert
its point into a second hole. I have also seen a
tendril keep its point, in one case for 20 hrs. and in
another for 56 brs, in  minnte hole, and then withe
draw it. Whilst the point is thus temporarily inserted,
the opposite tendril goes on revolving.

The whole length of o tendril often fis itself closely
to any surface of wood with which it has come into
contact; and T have observed one bent at right angles,
from having entered a wide and deep fissure, with its
apex abruptly re
lateral ole. ~After a tendril has clasped a stick, it
contracts spirally ; if it remains unattached it hangs
straight downwards, £ it has merely adaptod itself to
the inequalities of a thick post, though it has clasped
nothing, or if it has inserted its apex into some lttle
fissure, this stimulus sufices to induce spiral contrace
tion; but the contraction always dravs the tendril
y from the post. So that in every case these
movements, which scem so nicely adapted for some
purpose, were useless. On one oceasion, however,
the tip became permanently jammed into s narrow
fissure. 1 fully expected, from the analogy of B
capreolata and B. littoralis, that the tips would have
been developed into adhesive discs; but T could
er detect even a trace of this process. [There

bent and inserted into a minute

ay

ne
is therefore at present something unintelligible about
the habits of this plant.

Bignonia picta—This species closely resembles the
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last in the structure and movements of its tendrils, 1
also casually examined a fine growing plant of tho
allied B. Lindleyi, and this apparently behaved in all
respects in the same manner.
Bignonia_capreolata.—We now come to a specics
huving tendrils of a different type; but first for the
intermodes. A young shoot made three large revolu-
tions, following the sun, at an average rate of 2 hrs, 23 m.
The stem is thin and flexible, and T have seen one
make four regular spiral turns round a thin upright
stick, ascending of course from right to left, and
therefore in o reversed direction compared with the
before described species. ~ Afterwards, from the inter-
ference of the tendrils, it ascended cither straight up
the stick or in an irregular spire. Tho tendrils are

in some respects highly remarkable. In a young
plant they were about 2} inches in length and much
branched, the five chief branches apparenly repre-
senting two pairs of leaflets and o terminal one. Each
branch is,however, bifid or more commonlytrifid towards
the extremity, with the points blunt yet distinctly
hooked. A tendril bends to any side which is lightly
rubbed, and subsequently becomes straight again ;
but a loop of thread weighing $¢h of a grain produced
no effect. On two occasions the terminal branches
became slightly curved in 10 m. after they had touched
astick; andin 30 m. the tips were curled quite round
it. The basal part is less sensitive. The tendrils re-
volved in an apparently capricious manner, sometimes
very slightly or not at all; at other times they
u
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deseribed large regular ellipses. T could detect no
spontancous movement in the petioles of the leaves.
Whilst the tendrils are revolving mare or less
regularly, another remarkable movement fakes place,
namely, o slow inclination from the light towarls
the darkest side of the house. 1 repeatedly changed
the position of my plants, and some little time after
the revolving movement had ceased, the successively
formed tendrils always ended by pointing to the
darkest side. When I placed a thick post near a
tendril, between it and the light, the tendril pointed
in that direction. In two instances a pair of leaves
stood 50 that one of the two tendrils was directed
towards the light and the other to the darkest side of
the house; the latter did not move, but the opposite
one bent itself first upwards and then right over its
follow, so that the two became parallel, one above the
other, both pointing to the dark: I then tumed the
plant Talf round ; and the tendril which had tumed
over recovered its original position, and the opposite
one which had not before moved, now tumed over to

the dark side. Lastly, on another plant, three pairs
of tendrils were produced at the same time by three
shoots, and all happened to be differently directed: I
placed the pot in a box open only on one side, and:
obliquely facing the light; in two days all six fen-
drils pointed with unerring truth to the darkest comer
of the bos, though o do this each had to bend in &
different manner. Six wind-vanes could not bave
smore truly shown the direction of the wind, than did
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these branched tendrils the course of the stre
light which entered the box. T left theso tendrils
undisturbed for above 24 hrs, and then tumed the
pot half round; but they had now lost their power of
‘movement, and could not any longer avoid the light.

When a tendril has not succeeded in clasping «
support, either through its own revolving movement or
that of the shoot, or by tuming towards any object
which intercepts the light, it bends vertically down-
wards and then towards its own stem, which it seizes
together with the supporting stick, if ¢k
A little aid is thus given in keeping the stem secure.
If the tendsil seizes nothing, it does not contract
spirally, but soon withers away and drops off. If it
seizes an objeet, all the branches contract spirally.

T have stated that after a tendril has come into
contact with a stick, it bends round it in about half
an hour; but T repeatedly observed, as in the case
of B. speciosa and its allies, that it often again loosed
thesstick ; sometimes seizing and loosing the same stick
three or four times. ~ Knowing that the tendrils avoided
the light, T gave them a glass tube blackened withi
and a well-blackened zine plate: the branches curled
round the tube and abraptly bent themselves round
the edges of the zinc plate; but they soon recoiled
from these objects with what T can only call disgust,
and straightened themselves. I then placed a post
with extremely rugged bark close to a pair of tendrils ;
twice they touched it for an hour or two, and twice
they withdrew ; at last one of the hooked extremities

n2

m of

e one.
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curled round and firmly seized an excessively minute
Drojecting point of hark, and then the other branches
spread themselves out, following with aceurncy every
inequality of the surface. T afterwards placed near
the plant a post without bark but much fissured, and
the points of the tendrils crawled into all the erevices
in a beautiful manner. To my surprise, 1 observed
that the tips of the immature tendrils, with the
branches mot yet fully separated, likewise crawled
just like roots into the minutest crevices. In two,
or threo days after the tips had thus erawled into
the crevices, or after their hooked ends had seized
minute points, the final process, now to be described,
commenced.

This process T discovered by having accidentally
left u piece of wool near a tendril; and this lod me to
bind a quantity of flax, moss, and wool loosely round
sticks, and to place them near tendrils. The wool must
not be dyed, for these tendrils aro excessively sensitive
to some poisons. The hooked points soon caught hold

of the fibres, oven loosely floating fibres, and now there
ling; on the contrary, the excitement
caused the hooks to penetrate the fibrous mass and
to curl inwards, so that cach hook canght firmly one

was mo ree

or two fibres, or a small bundle of them. The tips
and the inner surfaces of the hooks now began to swell,
and in two or three days were visibly enlargod. ~ After
afew more days the hooks were converted into whitish,
qular balls, rather above the gsth of an inch (127
mm.) in diameter, formed of course cellular tissue,

ir
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which sometimes wholly enveloped and concealed the
hooks themselves. The surfaces of these balls seeretc
some viscid resinons matter, to which the fibres of the
flax, &c., adhere. When a fibre has become fustencd
to the surfuce, the cellular tissuo docs not grow
directly beneath it, but continues to grow closcly on
ench side; so that when several adjoining fibres,
though excessively thin, wero caught, so many
of cellular matter, cach not as thick as a human hair,
grew up between them, and these, arching over on
both sides, adhered firmly together. As the whole
surface of the ball continues to grow, fresh fibros
adhere and are aftervards enveloped ; so that I have
seen a little bull with between fifty and sixty fibres
of flux crossing it at various angles and all embedded

and

more or less decply. Every gradation in the process
conld be followed—some fibres merely sticking to
the surfice, others lying in more or less deep farrows,
or deeply embedded, or passing through the very
contre of the cellular ball. The embedded fibres are
50 closely clasped that they cannot be withdrawn.
The outgrowing tissue has so strong a tendency to
unite, that two balls produced by distinet tendrils
sometimes unite and grow into a single one.

On one occasion, when a tendril had curled round
a stick, half an inch in diameter, an adhesive dise
was formed; but this does not generally occur in the
case of smooth sticks or posts. If, however, the tip
catehes a minute projecting point, the other branches
formdiscs, especially if they find crevices to eranl
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into. The tendrils failed to attach themselves to a
brick wall.

T infer from the adherence of the fibres to the dises
or halls, that these secrete some resinous adhesive
matter; and more especially from such fibres becoming
Toose if immersed in sulphuric ether. This fluid like-
wiso removes small, brown, glistening points which can
generally be seen on the surfaces of the older discs.
Tt the hooked extremities of the tendsils do not touch
anything, dises, s far as T have scen, aro never
formed ;* but temporary contact during a moderate
time suffices to canse their development. T have seen
cight dises formed on the same tendril. After their
development the tendsils contract spirally, and become
woody and very strong. A tendril in this state sup-
ported nearly seven ounces, and would apparently have
supported a_ considerably greater weight, had not the
fibres of flax to which the discs were attached yielded.

From the facts now given, we may infer that thongh

the tendrils of this Bignonia can occasionally adhere
to smooth eylindrical sticks and often o rugged bark,
¥ ly adapted to climb trees
lothed with lichens, mosses, or other such productions;
and T hear from Professor Asa Gray that the Polypodiun
ineanum abounds on the forest-trees in the districts of

ler states (Uid. p.  object terminate in saooth ehining.
South Brail th  discs. Thiose, however, after

ils of Haplolophium, herivg o any object, somes
(oo of the Bignoniaccw) without  become considerably enlarged.
having come into contact with any
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North Ameriea where this species of Bignonia grows.
Finally, I may remark how singular a fact it is that
@ leaf should be metamorphosed into a branched
organ which tams from the light, and which can
by its extremities either erawl like roots into crevice
or seize hold of minute projecting points, these ex
tremities afterwards forming cellular outgrowths which
seercto an adhesive cement, and then envelop by their
continued growth the finest fibres.

Eeeremocarpus soaber (Bignoniace)—Plants, though
growing pretty well in my green-house, showed no
spontaneous movements in their shoots or tendrils;
but when removed to the hot-house, the young inter-
nodes revolved at rates varying from 8 hrs. 15 m. to
1 hr. 13 m. One large circle was swept at this latter
unusually quick rate; but generally the circles or
ellipses were small, and sometimes the course pursued
was quite irregular. An internode, after making several
revalutions, sometimes stood stil for 12 hrs. ox 18 b
marked
interruptions in the movements of the internodes T
have observed in hardly any other plant.

The leaves bear four leaflets, themselves subdivided,
and terminate in much-branched tendrils.  The
main petiole of the leaf, whilst young, moves sponta-
neansly, and follows nearly the same irregular course
and at about the same rate as the internodes. The
movement to and from the stem is the most con-
spicuous, and T have seen the chord of a curved petiole
which formed an angle of 59° with the stem, in an
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hour aftervards making an angle of 106%. The two
opposite petioles do not move together, and one is
sometimes so much raised as to stand close to the stem,
whilst the other is not far from horizontal. The basil
partof the petiole moves less than the distal part. The
tendrils, besides being carried by the moving petioles
and internodes, themselves move spontancously ; and
the opposite tendrils oceasionally move in opposite
directions. By these combined movements of the
young internodes, petioles, and tendrils, a considerable
space is swept in search of a support,

In young plants the tendrils are about three inches
bear two lateral and two. terminal
branches; and each branch bifureates twice, with the
tips terminating in blunt double hooks, having both
points directed to the sume side. Al the branches are
sensitive on all sides; and after being lightly rubbed,
or after coming into contact with a stick, bend in
about 10 m. One which had become curved in 10 m.
a light rub, continued bending for between 3 hrs,
and 4 hre, and hecame straight again in 8 brs. or
s Tendrils,which have caught nobing, tmately
contract into an irregular spire, as they likewise do,
only much more quickly, after clasping a support. In
both cases the main petiole hearing the leaflets, which
is ut first staight and inclined a littla upwards,
moves downwards, with the middle part bent abruptly
into o right angle; but this is seen in K. miniafus

ore plainly than in J. scaber. The tendrils in this
gemus act in some respects like those of Bignonia

in length: th

afte

Darwin Online: By permission of the Trustees of the Natural History:
MU kT



Cnar. 1L PIGNONIACEZ, 105

capredlata; but the whole does not move from the
light, nor do the hooked tips become enlurged into cel-
Iular dises.  After the tendrils have come into contact
with o moderately thick cylindrical stick or with
rugzed bark, the several branches may be seen slowly
to Lift themselves up, change their positions, and

again come info contact with the supporting surfuce.
The object of these movements is to bring the double
hooks at the extremities of the branches, which natu-
rally face in all directions, into contact with the wood.
1 have watched a tendril, half of which had bent itsclt
at right angles round the sharp comer of  square post,

neatly bring every single hook into contact with both
rectangular surfices. The appearance suggested the
heliet, that though the whole tendril is not sensitive to
light, yet that the tips are so, and that they tumn
and twist themselves towards any dark surface. Ulti-
mately the branches arrange themselves very neatly
to all the irregularities of the most rugged bark, so
that they resemble in their irregular conrse a river
with its branches, s engraved on & map. But when
stick, the
subsequent spiral contraction generally draws it avay

a tendril has wound round a rather thic

and spoils the neat arrangement. So it is, but not in
quite so marked a manner, when o tendril has spread
itself over a large, nearly flat surface of rugged bar
We may therefore conclude that these tendrils are not
perfectly adapted to seize moderately thick sticks or
rugged bark. If a thin stick or twig is placed near
4 tendril, the terminal branches wind quite round it,
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and then seize their own lower branches or the main
stem. The stick is thus firmly, but not neatly,
grasped.  What the tendrils are really adapted for,
appears to be such objects as the thin culms of certain
grasses, or the long flexible bristles of  brush, or thin
rigid leaves such as those of the Asparagus, all of
which they seize in an admirable manner. This is
due to the extremities of the branches close to the
little hooks being extremely sensitive to a fouch
from the thinnest object, which they consequently
curl round and clsp.  When a small brush, for
instance, was placed near a tendril, the tips of euch
sub-branch seized one, two, or three of the bristles:
and then the spiral contraction of the several branches
Drought all these little parcels close together, so that
thirty or forty bristles were drawn into a single bundle,

which afforded an excellent support.

(POLEMONIACE . A Cobwa _scandens A-This is an
excellently constructed climber, The tendsils

fine plant were eleven inches long, with the! lctml@
bearing two pairs of leaflets, only two and a_half
inches in length. They revolve more rapidly and
vigorously than those of any other tendril-bearer
observed by me, with the exception of one kind of
Passiflora,Three large, nearly circular sweeps, di-
rected against the sun were completed, each in 1T
15 m.; and two other circles in 1 br. 20 m. and L hr.
23 m. Sometimes a tendsil travels in a much inclined
‘position, and sometimes nearly upright. The lower part
moves but Tittle and the petiole not at all; nor do
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the internodes revolve ; so that here we have the tendril
alone moving. On the other hand, with most of the
species of Bignonia and the Heeremoearpus, the inter-
nodes, tendrils, and petioles all revolved. The long,
straight, tapering main stem of the tendril of the Cobeea

Tears alternate branches; and each branch is several
times divided, with the finer branches as thin as very
thin bristles and extremely flexible, so that they are
blown about by a breath of air; yet they are strong
and highly clastic. The extremity of each branch is a
little flattened, and terminates in a minute donble
(thongh sometimes single) hook, formed of a hard, trans-
Tucent, wooly substance, and as sharp as the finest

needle. On a tendril which was eleven inches long I
counted ninety-four of these beautifully constructed
little hooks. They readily catch soft wood, or gloves,
or the skin of the naked hand. With the exception of
these hardened hooks, and of the basal part of the
stem, every part of every branchlet is highly ser
on a1l sides 0 & slight touch, ond bends in o fow
minutes towards the touched side. By lightly rub-
bing several sub-branches on opposite sides, the whole
tendsil rapidly assumed an extraordinarily crooked
shape. These movements from contact do not inter-
fere with the ordinary revolving movement. The'
Dbranches, after becoming greatly curved from being
touched, straighten themselves at a quicker rate than
i almost any other tendril seen by me, namely, in
between half an hour and an hour. After the tendril
has caught any object, spiral contraction likewiso

entral
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begins after an unusually short interval of time,
namely, in about twelve hours.

Before the tendsil is mature, the terminal branchlets
cohere, and the hooks are curled closely inwards. At
this period no part is sensitive to a touch; but as soon
us the brunches diverge and. tho books mna out, full

is ncquired. Tt is
that immature tendrils revolve at their full velocity
before they become sensitive, but in a useless manner,
as in this state they can cateh nothing. This want

of perfoct co-adaptation, though only for a short time,
between the structure and the functions of a climbing-
plant is a rare event. A tendsil, as soon as it is ready
to act, stands, together with the supporting petiole,
vertically upwards. The leaflets bome by the petiolo
are at this time quite small, and the extremity of the
growing stem is bent to one side so as to be out
of the way of the revolving tendsil, which sweeps
direetly over head. The tendrils thus
revolve in o position well adapted for catching objects
standing above; and by this means the ascent of the
plant is favoured. If ‘o object is caught, the leaf
with its tendril bends downwards and ultimately
assumes o horizontal position. An open space is

large ¢

thus Teft for the nest succeeding and younger tendsil
to stand vertically upwards and to revolve freely.
As soom as an old tendril bends downwards, it loses
all power of movement, and contracts spirally into an
entangled mass.  Although the tendrils revolye with
unusual rapidity, the movement lusts for only a short
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time. In a plant placed in the hot-house and grow-
ing vigorously, a tendril revolved for not longer than
36 hours, counting from the period when it first became
sensitive; but during this period it probably made at
least 27 revolutions.

When a revolving tendril strikes against a stick,
the branches quickly bend round and elusp it. The
little hooks here play an important part, s they
prevent the branches from being dragged away by the
rapid revolving movement, before they have had time
to clasp the stick securely. This
when only the extremity of a branch has caught
hold of a support. As soom as a tendsil has bent
round a smooth stick or a thick rugged post, or has
come into contact with planed wood (for it can adhere
temporarily even to so smooth a surface as this), the
same peculiar movements may be observed as thoso
bed under Bignonia capreolata and Eeeremocar-
e bran

s especially the case

pus.
down; those which have their hooks already directed,

ches repeatedly lift themselves up and

downvards remaining in this position and securing.
the tendril, whilst the others twist about until they
su

coed in arranging themselves in conformity with
every immogularity of the surfice, und in bringing |
their hooks into contact with the wood. The use of
the hooks was well shown by giving the tendrils
tubes and slips of glass to catch; for these, though
temporarily seized, were invariably Tost, either during
the re-armangement of the branches or ultimately when
spiral contraction ensued.
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| The perfect manner in which the branches arrnged

themselves, ereeping like rootlets over every inequality
| of the surface and into any deep crevice, is a pretty
| sight; for it is perhaps more effectually performed
[ by this than by any other species, The action is
certainly more conspicuous, as. the upper surfuces of
the main stem, as well as of every branch to the
extreme hooks, are angular and green, whilst the lower
surfaces are rounded and purple. I was led to infer,
| as in former cases, that  less amount of light guided
these movements of the branches of the tendrils.
T made many trials with black and white cards and
glass tubes to prove it, but failed from various canses ;
yet these trials countenanced the belief. As a tendril
consists of a leaf split into mumerous segments, there is

nothing surprising in all the segments turning their
upper surfuces towards the light, as soon s the tendril
is caught and the revolving movement is arrested.
But this will not account for the whole movement, for
the segments actually bend or curve to the dark side
besides turning round on their axes so that their upper
surfaces may face the light.

When the Cowa grows in the open air, the wind
must aid the extremely flexible tendrils in seizing &
support, for I found that a mere breath sufficed o cause
xtreme branches to catch hold by their hooks of
twigs, which they could not have reached by the
revolying movement. Tt might have been thought
that a tendsil, thus hooked by the extremity ofa single
branch, could not have fairly grasped its support

the
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But several times T watched cases like the following :
a tendril caught a thin stick by the hooks of one of
its two extreme branches; though thus held by the
tip, it still tried to revolve, bowing itself to all sides,
and by this movement the other extreme branch soon
canght the stick. The first branch then loosed itself,
and, arranging its hooks, again canght hold. After o
time, from the continued movement of the tendil,
the hooks of a third branch canght hold. No other
branches, as the tendril then stood, could possibly
have touched the stick. But before long the upper
part of the main stem hegan to contract into an open
spire. It thus dmgged the shoot which bore the
tondril towards the stick; and as the tendril con-
tinually tried to revolve, a fourth branch was brought
into contact. And lastly, from the spiral contraction
travelling down both the main stem and the branches,
all of them, one after another, were ultimately brought
into contact with the stick. They then wound them-
selves round it and round one another, until the whole
tendril was tied together in an inextricable knot.
The tendrils, though at first quite flexible, after
having clasped a support for a time, become more
vigid and stronger than they were at first. Thus the
plant is secured o its support in a perfect manner.

um_sativum.—The common pea
was the subject of & valuable memoir by Dutrochet,”
who discovered that the internodes and tendrils

* Comptes Rendus, tom, xyi, 1843, p. 050,
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revolve in ellipses. The ellipses are generally very
narrow, but sometimes approach to cireles. 1 several
times observed that the longer axis slowly changed its
direction, which is of importance, as the tendril thus
sweops a wider space. Owing to this chunge of
direetion, and likewise to the movement of the stem
towards the light, the succossive irregular ellipses
generally form an irregular spire. T have thought it
worth while to annex a tracing of the course pursued
by the upper internode (the movement of the tendsil
being neglected) of a young plant from 8:40 . t0 9.15
pa. The course was traced on a hemispherical glass
placed over the plant, and the dots with figures give

the hours of observation; each dot being joined by a
straight line. No doubt all the lines would have been
curvilinear if the course had been observed af much
shorter intervals. The extremity of the petiole, from
which the young tendril arose, was two inches from
the glass, so that if a pencil two inches in length
conld have been affixed to the petiole, it would have
traced the anexed figure on the under side of the
glass; but it must be remembered that the figure is
reduced by one-half.  Neglecting the first great
sweep towards the light from the figure 1 to 2, the
end of the petiole swept a space 4 inches across in one
dircetion, and 3 inches in another. As a full-grown
tendril is considerably above two inches in length, and
as the tendril itself bends and revolves in harmony
with the internode, & considerably wider space is swept
thanis here represented on a reduced seale. Dutrochet
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observed the completion of an ellipse in 1 hr. 20 m.;

and Tsaw one completed in 1 hr. 30 m. The direction

followed is variable, either with or against the sun.
Dutrochet asserts that the petioles of the leaves

Sk of rom with window.

Diagran
el el b, 4 a0 uper e bt i s, (g 1)
Yo 9 o o

b i

spontancously revolve, as well as the young inter-
nodes and tendrils; but he does not say that he
- 1
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secured the internodes; when this was done, I could
never detect any movement in the petiole, except to
and from the light.

The tendrils, on the other hand, when the internodes
and petioles are secured, describe irregular spires or
regular ellipses, exactly like those made by the inter-
nodes. A young tendril, only 1% inch in length,
revolved. Dutrochet has shown that when a plant is
placed in a room, so that the light enters laterally, the
internodes travel much quicker to the Tight than from
it: on the other hand, he asserts that the tendril itself
moves from the light towards the dark side of the
room, With due deference to this great observer, T
think he was mistaken, owing to his mot having
secured the intemodes. 1 took @ young plant with
highly sensitive tendrils, and tied the petiole so that
the tendril alone could moves it completed a perfect
ellipse in 1 hr. 30 m.; 1 then turned the plant partly
round, but this made no change in the direction
of the succecding cllipse. The next day I watched a
plant similarly secured until the tendsil (which was
highly sensitive) made an ellipse in a line exactly to
d from the light; the movement was so great that
the tendril at the two ends of its elliptical course
bent itself a little beneath the horizon, thus travelling
more than 180 degrees; but the curyature was fully.
as great, towards tho light as fowards the dark side

the room. I believe Dutrochet was misled by not
having secured the internodes, and by having observed
a plant of which the internodes and tendrils no longer
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curved in harmony fogether, owing to inequality of

ge.

Dutrochet made no observations on the sensitivencss
of the tendrils, These, whilst young and about an inch
in length with the leaflets on the petiole only partially
expanded, are highly sensitive; a singlo light touch
with o twig on the inferior or concaye surfuce near the
tip caused them to bend quickly, as did occasionally
4 loop of thread weighing one-seventh of a grain
(925 mg.). The upper or convex surfuce is barely
not at all sensitive. Tendrils, after bending from a
touch, straighten themselves in about two hours, and
are then ready to act again. As soon as they begin
to grow old, the extremities of their two or three pairs

or

of branches become hooked, and they then appear to
form an excellent grappling instrument; but this is
od they have generally
quite lost their sensitivencss; and when hooked on to

not the case. For at this peri

twigs, some were not at all affected, and others required
from 18 hrs. to 24 hrs. before clasping such twigs;
nevertheless, they were able to utilise the last vestige
of initability owing to their extremities being hooked.
Ultimately the lnteral branches contract spirally, but
ot the middle or main stem.
Lathyrus aphaca—This plant is destitute of leav
except during a very early age, these being repluced
by tendsils, and the leaves themselves by large stipules.
It might therefore have been expected that the ten-
drils would have been highly organized, but this is
not so. They are moderately long, thin, and un-
. 12
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branched, with their tips slightly curved. Whilst
young they are sensitive on all sides, but chiefly on
the concive side of the extremity. They have no
spontancous revolving power, but are at first inclined
upwards at an angle of about 45°, then move into a
ontal, posiicn, sad ulimstaly b e Sl
The young ints

hori

nodes, on the other hand, revolve in
cllipses, and carry with them the tendrils, Two

i o completed, cach in nearly 5 hrs.; their

axes wero directed at about an angle of 45°
to the axis of the previously made ellipse.

Lathyrus grandifiorus—The plants observed were
young and not growing vigorously, yet sufficiently so,
1 think, for my observations to be trusted. If so, we
© the rare case of neither internodes nor fendrils
revolving. The tendils of vigorous plants are above
4 inches in length, and are often twice divided into

three branche

 the tips are curved and are sensitive
on their concave sides; the lower part of the central
stem is hurdly at all sensitive. Hence this plant
appears to climb simply by its tendrils being brought,
through the growth of the stem, or more efficiently
by the wind, into contact with surrounding objects,
which they then elasp. T may add that the tendrils,
or the internodes, or both, of Vicia sativa revolye.

— Mutisia clematis. — The ~immense
family of the Compositee is well known to include

Conrosrr

very few climbing plants. We have seen in the Table
in the first chapter that Mikania scandens i a e
gular twiner, and F. Miiller informs me that in 8
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Brazil there is another species which is a leat-climber.
Mutisia is the only genus in the family. as far as
I can leam, which bears tendrils: it is thereforc
interesting to find that these, though rather less
metamorphosed from their primordial foliar condition
than are most other tendrils, yet display all the
ordinary characteristio movements, both those that
are spontaneous and those which are excited by con-
tact.

The long leaf bears seven or eight alternate leaflets,
and terminates in o tendril which, in a plant of con-
siderablo size, was 5 inches in length. It consists
generally of three branches; and these, although
much elongated, evidently represent the petioles and
midribs of threo leaflets; for they closely resemble
the same parts in an ordinary leaf, in being rectangular
on the upper surface, furrowed, and edged with green.
Morcover, the green edging of the tendrils of young

plants sometimes expands into a narrow lamina or
blade.  Each branch is curved a little downwards, and
is slightly hooked at the extremity.

A young upper internode revolved, judging from
three revolutions, at an average rate of I hr. 88 m.; it
swept cllipses with the longer axes directed at right
angles to one another; but the plant, apparently,
cannot twine. The petioles and the tendrils are both
in constant movement. But their movement is slower
and much less regularly elliptical than that of the
internodes. They appear to be much affected by the
Tight, for the whole leaf usually sinks down during the
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night and rises during the day, moving, also, during
the day in a erooked course to the west. The tip of
the tendril is highly sensitive on the lower surface
and one which was just touched with a twig became
perceptibly curved in 3 m., and another in 5 m.; the
upper surface is not at all sensitive; the sides are
moderately sensitive, o that two branches which were
rubbed on their inner sides converged and crossed each
other. The petiole of the leaf and the lower parts of
the tendril, halfway between the upper leaflet and the
lowest branch, are not sensitive. A tendril after curling
from a touch became straight again in about 6 hrs, and
was ready to Te-act 3 but one that had been so roughly
rubbed as to have coiled into a helix did not become
perfectly straight until after 13 hrs. The tendrils re-
tain their sensibility to an unusually late age ; for one
borne by a leaf with five or six fully developed leaves
above, was still active. If a tendril catches nothing,
after a considerable interval of time the tips of the
branches curl a little inwards; but if it clasps some
objeet, the whole contracts spirally.

S, z

. aspera, va. —Aug
St-Hilaire* considers that the tendrils, which rise in
pairs from the petiole, are modified lateral leaflets;
but Mohl (p. 41) ranks them as modified stipules.
These tendrils are from 1} to 1§ inches in length, are
thin, and have slightly curved, pointed extremities.
They diverge a little from each other, and stand at
first nearly upright. When lightly rubbed on either
* “Lagons de Botanique &e, 1541, . 170,
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sie, they slowly bend o that side, and. subscquently
become straight agai back or convex side
when placed in contact with a stick became just per-
ceptibly curved in 1 hr. 20 m, but did not completely

73

P 7
Swilas cpers.

surround it until 48 hrs. had elapsed ; the concave side
of another became considerably curved in 2 hrs. and
clasped a stick in 5 hrs. s the pairs of tendrils grow
old, one tendril diverges more and more from the
other, and both slowly bend backwards and downwards,
50 that after a time they project on the opposite side
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of the stem to that from which they arise. They then
still retain their sensitiveness, and can clasp a support
placed beliind the stem. Owing to this power, the
plant is able to ascend a thin upright stick. Ulti-
mately the two tendrils belonging to the same petiole,
if they do not come into contact with any object,
loosely cross each other behind the stem, as at B, in
fig. 7. This movement of the tendrils towards and
zound the stem is, to a certain extent, guided by their
avoidance of the light ; for when a plant stood so that
one of the two tendrils was compelled in thus slowly
moving to travel towards the light, and the other from
the light, the latter always moved, as I repeatedly
obsorved, more quickly than its fellow. The tendrils
do not contract spirally in any case. Their chance
of finding a support depends on the growth of the
plant, on the wind, and on their own slow backward.
and downward moyement, which, as w have just seen,
is guided, to a certain extent, by the avoidance of the
light ; for neither the internodes nor the tendsils have
amy proper revolving movement. From this latter
circumstance, from the slow movements of the tendrils
after contact (though their sensitiveness is retained for
an unusual length of time), from their simple structure
and shortness, this plant is u less perfect climber than
any other tendril-bearing species observed by me. The
plant whilst young and only a few inches in height,
does not produce any tendrils; and considering that
it grows to only about 8 feet in height, that the stem
is zigrag and is furnished, as well as the petioles, with
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spines, it is surprising that it should bo provided with
tendrils, comparatively inefficient though theso are.
The plant might have been left, ono would have
thought, to climb by the aid of its spines alone, like
our brambles. As, however, it belongs to o g
some of the species of which are furnished with much
longer tendrils, we may suspect that it possesses these
organs solely from being descended from progenitors
moro highly orgunised i this rspoct.

i is clavioulata.—According to
Mohl (p. 43), the extremities of the branched stem,
as well as the leaves, are converted into tendrils.

wus,

In the specimens examined by me all the tendrils were
certainly foliar, and it is hardly credible that the same
plant. should produce tendrils of & widely different
homological nature. Nevertheless, from this state-
ment by Mohl, I have ranked this species amongst the
tendril-bearers; if clussed exclusively by its foliar
tendrils, it would be doubtful whether it ought not to
have been placed amongst the leaf- with its
allies, Fumaria and Adlumia. A large majority of its
so-called tendrils still bear leaflets, though excessively
reduced in size; but some few of them may properly

mbe

bo designated as tendsils, for they are completely
destitnte of lamine or blades. Consequently, we here
behold a plant in an actual state of transition from a leaf-
climber to a tendril-bearer. Whilst the plant is rather
young, only the outer leaves, but when full-grown all
the leayes, have their extremities converted into more
or less perfect tendrils. 1 have examined specimens
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from one locality alone, viz. Hampshire; and it is not
improbable that plants growing under different condie
tions might have their leaves a littlo more or less
changed into true tendsils

Whilst the plant is quite young, the first-formed
leaves are not modified in any way, but those next
formed have their terminal leaflets reduced in size,
and soon all the leaves assume the structure repre-
sented in the following drawing. This leaf bore nine
leaflets; the lower ones being much subdivided. The
terminal portion of the petiole, about 1} inch in
length (above the leaflet ), is thinner and more
elongated than the lower part, and may be considered
us the tendril. The leaflets borno by this part are
greatly reduced in size, being, on an average, about
the tenth of an inch in length and very narrow; one
small leaflet measured one-twelfth of an inch in
Length and one-seventy-fifth in breadth (2116 mm. and
339 mm.), so that it was almost microscopically minute.
AlL the reduced leaflets have branching nerves, and
terminate in little spines, like those of the fully de-
veloped leaflots. Every gradation could bo traced,
until we come to branchlets (as « and d in the figure)
which show no vestige of  lamina or blade. Occasion=
ally all the terminal branchlets of the petiole are in
this condition, and we then have a true tendsil,

The several terminal branches of the petiole bearing
the much reduced leaflets (a, b, ¢ d) are highly
sensitive, for a loop of thread weighing only the one-
sixteenth of a grain (405 mg.) caused them to become
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greatly curved in under 4 hrs. When the loop was
removed, the petioles straightened themselyes in about
thesame time, The petiole () was rather less sensitive ;
and in another specimen, in which the corresponding

Lestendrl,of mtral sz

petiole bore rather larger leaflets, a loop of thread
weighing one-cighth of a grain did not cause curvature
until 18 hrs. had elapsed. Loops of thread weighing
one-fourth of a grain, left suspended on the lover

Darwin Online: By permission of the Trustees of the Natural History.
e R



124 TENDRIL-BEARERS. Cwar. 111

petioles (f to 7) during several days, produced no
effect. Yet the three petioles 7, g, and k were not
quite insensible, for when Teft in contact with a stick
for a duy or two they slowly curled round it. Thus
the sensibility of the petiole gradually diminishes
from the tendril-like extremity to the base. The in-
ternodes of the stem are not at all sensitive, which
makes Mohl’s statement that they are sometimes con-
verted into tendrils the more surprising, not to say
improbable.

The whole leaf, whilst young and sensitive, stands
almost vertically upwards, as we have seen to bo the
case with many tendrils. Tt is in continual moye-

ment, and one that I observed swept at an average
rate of about 2 s, for each revolution, large, though
irregular, ellipses, which were sometimes narrow,
sometimes broad, with their longer axes dirccted to
difforent, points of the compass. The young. inter-
nodes, likewise revolved irregularly in ellipses or
spires; so that by these combined movements a con-
siderable space was swept for a support. If the terminal
nd attenuated portion of a petiole fails to seize any
object, it ultimately bends downwards and inwards,
and soon loses all imitability and power of movement.

This bending down differs much in nature from that
which occurs with the extremities of the young leaves
in many species of Clematis; for these, when thus
bent downwards or hooked, first acquire their full
degree of sensitiveness.

Dicentra. thalictrifolia.—Tn_this allied plant tho

Darwin Online: By permission of the Trustees of the Natural History
Museumn (London)



Cuse. 1L, FUMARIACER, 125

metamorphosis of the terminal leaflets. is complete,
and they are converted into perfect tendrils, Whilst
the plant is young, the tendrils appear like modified
branches, and a distinguished botanist thought that
they were of this nature; but in a full-grown plant
there ean be 1o doubt, as I am assured by Dr. Hooker,
that they are modified leaves. When of full size, they
are above 5 inches in length; they bifureate twice,
thrice, or even four times; their extremities are
hooked and blunt. All the branches of the tendrils
are sensitive on all sides, but the basal portion of the
main stem is only slightly so. The terminal branches
when lightly rabbed with 4 twig became curved in
the course of from 30 m. to 42 m, and straightened
themselyes in between 10 hrs. and 20 his. A loop
of thread weighing one-cighth of a grain plainly
caused the thinner branches to bend, as did occasion-
ally a loop weighing one-sixteenth of a grain; but
this latter weight, though left suspended, was not
sufficient to cause a permanent flexure. The whole
Lea with its tendril, as well as the young upper inter-

nodes, revolyes

igorously and quickly, though irregu-
larly, and thus sweeps a wide space. The figure traced
on a bell-glass was cither an irregular spire or &

sigrg line. The nearest approach to an ellipse was an
elongated figure of 8, with one end a little open, and
this was completed in 1 hr. 53 m. During a period
of 6 hrs. 17 m. another shoot made a complex figure,
apparently representing three und a half ellipses.
When the lower part of the petiole bearing the leaflets
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was securely fastencd, the tendril itself described
similar but much smaller figures.

This species climbs well. The tendrils after clasp-
ing a stick become thicker and more rigid; but the
blunt hooks do not turn and adapt themselves to the
supporting surface, as is done in so perfect a manner
by some Bignonincew and Cobwa. The tendrils of
young plants, two or three feet in height, are only
half the length of those borne by the same plant when
grown taller, and they do not contract spirally after
clasping @ support, but only become slightly flexuons.
Full-sized tendrils, on the other hand, contract spirally,
with the exception of the thick basal portion. Ten-
drils which have caught nothing simply bend down-
wards and inwards, like the extremities of the leaves
of the Corydalis clavieulata, But in all cases the
petiole after a time is angularly and abruptly bent
downwards like that of Eecremocarpus.
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CHAPTER 1V.
—(eontintad).
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tondrils.

Cucurpitace—The tendsils in this family have
been ranked by competent judges as modified leaves,
stipules, or branches; or as partly a leaf and partly
4 branch. De Candolle belioyes that the tendrils
differ in their homological nature in two of the tribes.*
From facts recently adduced, Mr. Berkeley thinks
that Payer's view is the most probable, namely, that
the tendril is “a separate portion of the leaf itself;”
but much may be said in favour of the belief that it
is  modiffed fower-poduncle

* Jom intebte lo Pt Qv < Gandene Ohrnil 1804,
for information on this head. Tn p o ey o he
S e
Hiane do Fane, 1007, thare ar0 B might bo vund 0

discussions o tenril of the former are molifled
n-mm Tl ey
funily. the case with thoso of Pussion-
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Eehinoeystis lobata.—Numerous ~observations were
made an this plant (mised from seed sent me by Prof.
Asa Gray), for the spontaneous revolving movements
of the internodes and tendrils were first observed by
me in this case, and greatly perplexed me. My obser-
vations may now be much condensed. I observed
thirty-five revolutions of the internodes and tendrils;
the slowest rate was 2 hrs, and the average rate, with
no great fluctuations, 1 hr. 40 m. Sometimes T tied
the internodes, so that the tendrils alone moved; at
other times T cut off the tendrils whilst very young,
so that the internodes revolved by themselves; but
the rate was not thus affected. The course generally
pursued was with the sun, but often in an opposite
dircetion. Sometimes the movement during a short
time would either stop or be reversed; and this
apparently was dne to interference from the light,
as, for instance, when I placed a plant close to a
window. In one instance, an old tendril, which had
ceased rovolving, moved in one direction,

whilst a young tendril above moved in an opposite
The two uppermost internodes alone revolves
and as soon as the lower one grows old, only its upper
part. continues to move. The ellipses or cireles swept
by the summits of the internodes are about three inches
in dinmeter; whilst those swept by the tips of the

cours
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tendrils, are from 15 to 16 inches in diameter. During
the revolving movement, the internodes become
successively curved to all points of the compass;
in one part of their course they are often inclined,
together with the tendrils, at about 45 to the horizon,
and in another part stand vompully up. Thero was

g internodes

which. wannnHv gave the mlsu impression that their
movement was due to the weight of the long and
spontancously revolving tendril ; but, on cutting off the
Iatter with sharp scissors, the top of the shoot rose only
a little, and went on revolving. This false appearanco
is apparently due to the internodes and tendrils all
curving and moving harmoniously together.

A revolving tendril, though inclined during the

greater part of its course at an angle of about 43° (in
one case of only 37°) above the horizon, stiffened and
straightened itself from tip to base in a cortain
part of its course, thus becoming nearly or quite
vertical. T witnessed this repeatedly ; and it occurred
both when the supporting internodes were free and
when they were tied up; but was perhaps most con-
spicnons in the Latter ease, or when the whole shoot
Tappened to be much inclined. The tendril forms a
very acute angle with the projecting extrem
stem ot shoot; and tho stiffening always occurred as
the tendril approached, and had to pass over the shoot
in its circular cowrse, If it had not possessed and
exercised this eurious power, it would infallibly have
struck against the extremity of the shoot and been
K
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arrested.  As soon as the tendril with its three
Dranches begins to stiffen itself in this manner and to
rise from an inclined into a vertical position, the
revolving motion becomes more rapid ; and as soon
as the tendril has succeeded in passing over the ex-
tremity of the shoot or point of difficulty, its motion,
coineiding with that from its weight, often causes it to
fall into its previously inclined position so quickly,
that the apex could be seen travelling like the minute
hand of a gigantic clock.

The tendrils are thin, from 7 to 9 inches in length,
with a pair of short lateral branches rising not far
from the base. The tip is slightly and permanently
curved, 50 as to act to a limited extent as a hook. The

concave side of the tip is highly sensitive to a touch;
but not so the convex side, us was likewiso observed
to be the case with other species of the family by
Mohl (p. 65). 1 repeatedly proved this difference by
lightly rubbing four or five times the convex side of

one tendril, and only once or twice the concave side
of another tendril, and the latter alone curled inwards.
In a few hours afterwards, when the tendrils which
had been rubbed on the concaye side had straightened
themselves, T reversed the process of rubbing, and
always with the sume result. After touching tho
concave side, the tip becomes sensibly curved in one or
two minutes; and subsequently, if the tonch has heen at
all rough, it coils itself into a helix. But the helix
will, after a time, straighten itself, and be again ready
to act. A loop of thin thread only one-sixtecnth of
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& gin in weight caused a temporary flexure, The
lower part was repeatedly rubbed rather roughly, hut
o curvature ensued ; yot this part is sensitive to pro-
longed pressure, for when it came into contact with a
stick, it would slowly wind round it

One of my plants bore two shoots near togother,
and the tendrils were repeatedly drawn across one
another, but it is a singular fuct that they did not
once catch each other. 1t would appear as if they had
become habituated to contact of this kind, for the
pressure thus caused must have been much greater
than that caused by a loop of soft thread weighing
only the one-sixteenth of a grain. I have, however,
seen several tendrils of Bryonia dioica interlocked, but
they subsequenfly released one another. The tendrils
of the Behinooystis are also habituated to drops of
watér or to in ; for artificial rain made by violently
flirting & wet, brush over them produced not the least
effect.

The revolying movement; of a tendril is not stopped
by the curying of its extremity after it has heen
touched. When one of the lateral branches has firmly
clasped an_ object, the middle branch continues to
rovolve. When a stem is bent down and secured, so
that the tendril depends but is left free to move, its pre-
‘vious revolving movement is nearly or quite stopped ;
but it soon begins to bend upwards, and as soon as it
has become horizontal the revolving movement recom-
mences. T tried this four times; the tendril generally
rose {0 a horizontal position in an hour or an hour and
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« bhalf; but in one case, in which a tendril depended at
an angle of 45° beneath the horizon, the uprising took:
two hours; in half an hour afterwards it Tose to 23°
abovo the horizon and then recommenced revolying.
This upward movement is independent of-the action of
light, for it occurred twice in the dark, and on another
occasion the light came in on one side alone. The
movement no doubt is guided by opposition to the
force of gravity, as in the case of the ascent of the
plumules of germinating seeds.

adril does ot long retain its revolving pover
and as soon as this is lost, it bends downwards and
contracts spirally.  After the revolying movement
las ceased, the tip still retains for a short time its
sensitiveness to contact, but this can be of littlo or no
use to the plant.

Though the tendril is highly flexible, and though
the extremity travels, under favourable circumstances,
at about the rate of an inch in two minutes and a
quarter, yet its sensitiveness to contact is so great that
it hardly ever fails to seize a thin stick placed in its
path. The following ease surprised me much : T placed
a thin, smooth, cylindrical stick (and I repeated the.
experiment seven times) so far from o tendril, that
its extremity could only curl half or three-quarters
round the stick; but I always found that the tip
managed in the course of a few hours to curl twice
or even thrice Tound the stick. I at first thought
that this was due to rapid growth on the outsides but
by coloured points and measurements 1 proved that
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there had been no sensible increase of length within
the time. When a stick, flat on one side, was
similarly placed, the tip of the tendril could not
curl beyond the flat surface, but coiled itself into
a helix, which, tuming to ono side, lay flat on the
little flat surfaco of wood. In one instance a portion
of tendril three-quarters of an inch in length was thus
dragged on to the flat surfaco by the coiling in of the
helix. But the tendril thus acquires a very insceure
hold, and generally after a time slips off. Tn one case
alone the helix subsequently uncoiled itself, and the
tip then passed round and clasped the stick. The
formation of the helix on the flat side of tho stick
apparenly shows us that the continued striving of the
tip to ourl itself elosely inwards gives the forco which
drags the tendril round a smooth cylindrical stick.
Tu this latter case, whilst the tendril was slowly and
quite insensibly cravling onvards, I observed soveral
times through & lens that the whole surfaco was not in
closo contact, with the stick; and T can understand the
onvard progress only by supposing that the movement
is slightly undulatory or vermicular, and that tho tip
alternately straightens itself a littlo and then again
curls inwards. It thus drags itself onwards by an
insensibly slow, alternato movement, which may be
compared to that of a strong man suspended by the
ends of his fingers to a horizantal pole, who works his
fingers onvards until he can grasp the polo with the
palim of his hand. However this may be, the fuct is
certain that a tendril which has caught a round stick
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with its extreme point, can worlk itself onwards until
it has passed twice or even thrice round the stick,
and has permanently grasped it.

Hanburya Mericana.—The young internodes and
tendrils of this anomalous member of the family, revolva
in the same manner and at about the same rate as those
of the Eehinooystis. 'Tho stem does not twine, but can
ascend an upright stick by the aid of its tendrils,
The concave tip of the tendril is very sensitive ; after
it had becomo rapidly coiled into o ring owing to
a single touch, it straightened itself in 50 m. The
tenduil, when in full action, stands vertically up, with
the projecting extremity of the young stem thrown &
little on one side, so as to be out of the way; but the
tendril bears on the inner side, near its base, a short
rigid branch, which projects out at right angles like
a spur, with the terminal half bowed a little down=
wards. Hence, as the main vertical branch revolves,
the spur, from its position and rigidity, cannot pass

over the extremity of the shoot, in the sime curious
‘manner as do the three branches of the tendsil of the
Echinocystis, namely, by stiffening themselves at the
proper point. The spur is therefore pressed lnterally
against the young stem in one part of the revolving
course, and thus the sweep of the lower part of the main
branch is much restricted. A nice case of co-adaptation
here comes into play : in all the other tendsils observed
by me, the several branches become sensitive at the
same period : had this been the case with the Hanburya,
the invardly directed, spur-like branch, from being
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pressed, during the revolving movement, against the
projecting end of the shoot, would infallibly have
seized it in a useless or injurious manner. But 1l
main branch of the tendril, after revolving for
in a vertical position, spontancously bends downwards

 time

and in doing so, mises the spur-like branch, whick
itself also curves upwards; so that by these combined
movements it rises above the projecting end of the
shoot, and_ can now move freely without tonching the
shoot; and now it first becomes sensitive

The tips of both branches, when they come into
contact with a stick, grasp it like any ordinary tendril.
But in the course of a few days, the lower surface
swells and becomes developed into a cellular lay
which adapts itself closely to the wood, and firml
adheres to it. This layer is analogous to the adhesive
discs formed by the extremitios of the tendrils o
some specics of Bignonia and of Awmpelopsis; but
in the Hanburya the layer is developed along the
torminal imner  surface, sometimes for a length of
13 inches, and not at the extreme tip. The layer
is white, whilst th tendril s green, and near the
tip it is sometimes thicker than the tendril itself; it
generally spreads o little beyond the sides of the
tendsil, and is fringed with free elongated cells, which
have enlarged glnbu.lu or retortshaped heads. This
cellular layer app 5
for i Wik s (6 wood whs o, lowsned by an
immersion of 24 hrs. in aleohol or water, but was quite
loosened by a similar immersion in ether or turpentine.
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After & tendril has once firmly coiled itself round
a stick, it is difficult to imagine of what use the ad-
hesive cellular layer can be. Owing to the spiral
contraction which soon ensues, the tendrils were never
able to remain, excepting in ono instance, in contact
with a thick post or a nearly flat surfuce; if they had
quickly become attached by means of the adhesive
layer, this would evidently have been of service to the
plant.

The tendrils of Bryonia dioica, Cucurbita ovifera,
and Cueunis satira are sensitivo and revolye. Whether
the internodes likewise revolve I did not observe, In
Anguria. Warscewicsii, the internodes, though thick
and stiff, revolye : in this plant the lower surfuce of
the tendril, some time after clasping a stick, produces
a coursely cellular layer or cushion, which adapts itself
closely to the wood, like that formed by the tendril of
the Hanburya ; but it is not in the least adhesive. In
Zanonia Tndica, which belongs to a different tribe of
the family, the forked tendrils and the internodes re-
Yolve in periods between 2 hrs. 8 m. and 8 hrs. 85 m.
moving against the sun.

Vrracns.—Tn this family and in the two following,
namely, the Sapindaces and Passifloracers, the tendrils
are modified flower-peduncles ; and are thereforo axial
in their nature. In this respect they differ from all
those previously described, with the exception, per-
haps, of the Cucurbitaces, The homological nature,
however, of a tendril scems to make no difference.
in its action.
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Vitis vinifera—The tendril is thick and of great
Length; one from a vine growing out of doors and not
vigorously, was 16 inches long. It consists of &
poduncle (A), bearing two branches which diverge
oqually from it. One of the branches (B) has a
scal at its base; it is always, as far as I have seen,
longer than the other and often bifurcates. The
branches when rubbed become curved, and subso-

Fig 0
Tenisl o s Vi,
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. Longtr b, wih sl ot 6 boo. 1 Pl of e oppots Lt

quently straighten themselves,  After & tendril has
clasped any object with its extremity, it contracts
spirally; but this does ot occur (Palm, p. 56) when
1o object has been seized. The tendrils move spon-
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tancously from side to side; and on a very hot day,
one made two elliptical revolutions, at an average rate
of 2hrs. 15 m. During these movements a coloured
line, puinted along the convex surface, appeared after
a time on one side, then on the concave side, then on
the opposite side, and lastly again on the convex side,
The two branches of the same tendril have independent
movements. After a tendril has spontancously revolved
for a time, it bends from the light towards the dark:
T donot state this on my own anthority, but on that
of Mohl and Dutrochet. Mohl (p. 77) says that in a
vine planted against a wall the tendrils point towards
it, and in u vineyard generally more or less to the
north.

The young internodes revolve spontancously; but
the movement is unusually slight. A shoot faced a
dow, and T traced its courso on the glass during
two perfectly calm and hot days. On one of these
days it described, in the course of ten hours, a spire,
representing two and o half llipses. T also placed
a bell-glass over a young Muscat grape in the hot-
house, and it made each day three or four very small
oval revolutions; the shoot moving less than half an
inch from side to side. Had it not mado at least threo
revolutions whilst the sky was uniformly overcast, T
should have attributed this slight degree of movement
to the varying action of the light. The extremity of
the stem is more or less bent downwards, but it
never reverses its curvature, us so generally oceurs
with twining plants.
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Various authors (Palm, p. 55; Mohl, p. 43; Lindley,
&) believe that the tendrils of the vine are modified
flower-peduncles. T here give a drawing (i
the ordinary state of o young flower-stalk: it consists

Tig-10.
Fiower sl of the Vine,
I s, o o oo .

A Commn Putance. o s
sl at s e, D Tetts of e oppos

B owerieairty

of the “common peduncle” (A); of the “fower-
tendsil” (B), which is represented as having canght
twigs and of the “sub-peduncle” (C) bearing the
flower-buds. The whole moves spontancously, like a
true tendril, but in a less degree; the movement,
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however, is greater when the sub-peduncle (C) does
not bear many flower-buds. The common peduncle
(A) has mot the power of clasping a support, nor has
the corresponding part of a true tendril. The flower-
tendril (B) is always longer than the sub-peduncle (C)
and has o scalo at its baso; it sometimes bifurcates,
and therefore corresponds in every detail with the
longer scale-bearing branch (B, fig. 9) of the true
tendril. Tt is, however, inclined backwards from the
sub-peduncle (C), or stands at right angles with it,
and is thus adapted to aid in carrying the future
bunch of grapes. When rubbed, it curves and sub-
sequently straightens itself; and it can, as is shown in
the drawing, sccurely clasp a support. I have seen
an object as soft as a young vinedleaf caught by
one.

The lower and naked part of the sub-peduncle (C)
is likewise slightly sensitive to a ub, and T have seen
it bent round a stick and even partly round a leaf
with which it had come into contact. That the sub-
peduncle has the same nature as the corresponding
ary tendril, is well shown when it
bears only a few flowers; for in this case it becomes
less branched, increases in length, and gains both
in sensitiveness and in the power of spontaneous
movement. I have twice scen sub-peduncles which
bore from thirty to forty flower-buds, and which had
become considerably elongated and were complotely
wound round sticks, exactly like true tendrils. The
whole length of another sub-peduncle, bearing only

branch of an ordin:
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eleven flower-buds, quickly became curved when
slightly rubbed; but even this scanty number of
flowers rendered the stalk less sensitive than the
other branch, that is, the flower-tendril ; for the latter
after a lighter rub became curved more quickly and
in a greater degree. I have seen a sub-pedunclo
thickly covered with flower-buds, with one of its
higher lateral branchlets bearing from some cause
only two buds; and this one branchlet had become
much elongated and had spontancously caught hold
of an adjoining twig; in fact, it formed a little sub-
tendril. The increasing length of the sub-peduncle
(C) with the decreasing number of the flower-buds is a
good instance of the law of compensation. In accord-
anco with this same principle, the true tendril as a wholo
is always longer than the flower-stalk; for instance,
on the same plant, the longest flower-stalk (measured
from the base of the common peduncle to the tip of
the flower-tendril) was 8} inches in length, whilst the
longest tendsil was nearly double this length, namely
16 inches.

The gradations from the ordinary state of a flower-
stalk, as represented in the drawing (fg. 10), to
that of a true tendril (fig. 9) are complete. We have
scen that the sub-peduncle (C), whilst still bearing
from thirty to forty flower-buds, sometimes becomes a
little elongated and partially assumes all the characters
of the corresponding branch of a true tendril. From
this state we can trace every stage till we come to
a fullsized perfect tendsil, bearing on the branch
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which corresponds with the sub-peduncle one single
flower-bud ! Hence there can be no doubt that the
tendril is a modified flower-peduncle.

Another kind of gradation well deserves notice.
Flower-tendrils (B, fig. 10) sometimes produce a fow.
flower-buds.  For instance, on a vine growing against
my house, there were thirteen and twenty-two flower-
buds respectively on two flower-tendrils, which still
retained their characteristic qualities of sensitiveness
and spontancous movement, but in a somewhat lessened
degree. On vines in hothouses, so many flowers are
occasionally produced on the flower-tendrils that a
double bunch of grapesis the result; and this is techni-
uster.” Tn this state the
whale bunch of flowers presents scarcely any resem-
blance to a tendril; and, judging from the facts already
given, it would probably possess lttle power of clasping
a support, or of spontancous movement. Such flover-
stalks closely resemble in structure those borne by
Cissus. This genus, belonging to the same family of
the Vitacem, produces welldeveloped tendrils and
ordinary bunches of flowers ; but thereare no gradations
between the two states. 1f the genus Vitis had been
unknown, the boldest believer in the modification of
spo d that the sume
individual plant, at the same period of growth,
would have yielded every possible gradation between
ordinary flover-stalks for the support of the flowers
and fruit, and tendrils nsed exclusively for climbing.
But the vine clearly gives us such a case; and it

cally called by gardeners a ]

s would never have surmis
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seems to me as striking and curious an instance of
transition as can well be conceived.

Cissus discolor.—The young shoots show no more
movement than can be accounted for by daily variations
in the action of the light. The tendrils, however,
revolve with much regularity, following the sun ; and,
in the plants observed by me, swept circles of about
5 inches in diameter. Five circles were completed
in the following times:—4 hrs. 45 m., 4 hrs, 50 m,,
4 hrs. 45 m., 4 hrs. 30 m., and 5 hrs. The same tendril
continues to revolve during three or four days. The
tendrils are from 3} to 5 inches in length. They aro
formed of a long foot-stalk, hearing two short branches,
which in old plants again bifurcate. The two branches
are not of quite equal length ; and as with the vine,
the longer one has a scale at its base. The tendril
stands vertieally upwards; the extremity of the shoot
being bent abruptly downwards, and this position is
probably of service to the plant by allowing the tendril
to revolve freely and vertically.

Both branches of the tendril, whilst young, are
highly sensitive. A touch with a pencil, so gentle as
only just to move a tendril bome at the end of
a long flexible shoot, sufficed to cause it to becomo
perceptibly curved in four or five minutes. It became
straight again in rather above one hour. A loop of
soft thread weighing one-seventh of a grain (9-25 mg
was thrice tried, and each time caused the tendril to
become curved in 30 or 40 m. Half this weight pro-
duced 1o effect. The long footstalk is much less
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sensitive, for a slight rubbing produced no effect, al-
though prolonged contact with a stick caused it to bend.
The two branches are sensitive on all sides, so that they
converge if touched on their inner sides, and diverge
if touched on their outer sides. 1f a branch be touched
at the same time with equal force on opposite sides,
both sides are equally stimulated and there is no move-
ment. Before examining this plant, T had observed
only tendrils which are sensitive on one sido alone,
and these when lightly pressed between the finger and
thumb become curved; but on thus pinching many
times the tendrils of the Cissus no curvature ensued,
and T falsely inferred at first that they were not at all
sensitive.

Cissus antareticus—The tendrils on a young plant
were thick and straight, with the tips a little curved.
When their concave surfuces were rubbed, and it was
necessary to do this with some force, they very slowly.
became curved, and subsequently straight again.
They are therefore much loss sensitive than those of
the Tast species but they made two revolutions, fol-
lowing the sun, rather more rapidly, viz, in 8 hrs, 30m.
and 4 s, The internodes do not revolve.

Ampelopsis liederacea (Virginian Creeper) —The inter-
nodes apparently do mot move more than can be
accounted for by the varying action of the light. The
tendrils are from 4 to 5 inches in length, with the main
stem sending off several lateral branches, which have
their tips curved, as may bo seen in the upper figure
(fig.11). They exhibit 1o true spontancous revolving
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movement, but turn, as was long ago observed by
Andrew Knight,* from the light to the dark. I have
seon several tendrils move in loss than 24 hours, through
an angle of 180° to the dark side of u case in which
4 plant was placed, but the movement is sometimes
much slower.  The several lateral branches often move
independently of one another, and sometimes irregu
larly, without any apparent cause. These tendrils are
Iess sensitive to o touch than any others observed by
me. By gentlo but repeated rubbing with a twig, the
lateral branches, but not the main stem, became in the
course of three or four hours slightly curved; but

they scemed to have hardly any power of again
straightening themselves. The tendrils ofa plant which
had crawled over a large box-tree clasped several of the

branches; but I have repeatedly seen that they will

withdraw themselves after seizi
meet with a flat surface of wood or a wall (and this
is evidently what they are adapted for), they turn
all their branches towards it, and, spreading them
widely apart, bring their hooked tips laterally into
contact with it. In cffecting this, the several branches,
after touching the surfuce, often rise up, place them-
selves in a new position, and again come down into
contact with it.

T the course of about two days after a tendril has
arranged its branches o as to press on any surface, the
curved tips swell, become bright red, and form on

* Tras. Phil. Soc. 1812, p. 314,
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their under-sides the well-known little ises or cushions
with which they adhere firmly. In one case the tips
were slightly swollen in 38 hrs. after coming into
contact with a brick; in another case they were
considerably swollen in 48 hrs,, and in an additional
94 s were firmly attached to a smooth board ; and
Tnstly, the tips of a younger tendril not only swelled
but became attached to a stuccoed wall in 42 hrs.
These adhesive discs resemble, except in colour and
in heing larger, those of Bignonia capreolata, When
they were developed in contact with a ball of tow, the
fibres were separately enveloped, but not in so effective
a manner as by B. capreolata. Discs are never de-
veloped, as far as T have seen, without the stimulus of
at least temporary contact with some object. They
are generally first formed on one side of the curved i
the whole of which often hecomes so much changed
in appearance, that o line of the original green tissue
can be traced only along the concave surface, When,
however, a tendril has clasped a cylindrical stick, an
irregular xim or dise is sometimes formed along the

at some little distance from the curved

* Dr. MNab remarks (Trans.  adhere fo any surface, The ten-
Dot. Soc. Tainburgh, vol xi. p.  drils, therefor
202) that the tendrils of dmp,
Veitehi bear sl globular dises
o they have come into cantact iscs, whilst those of
with any objeet; and T havo sinco nm»ln k‘xx\w do ot ol aay
observed tho same foct. Thoso imulus. We buve

o meons, oo | oty s
in size, It thoy press agoinet and  specics of Bigoniace.

of soniac for it declopesh
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tip; this was also observed (p.71) by Mobl. The dises
consist of enlarged cells, with smooth projecting hemi-
spherical surfuces, colonred red ; they are at first gorged
with fluid (see section given by Mohl, p. 70), but
ultimately become woody.

As the dises soon adhere firmly to such smooth
surfaces as planed or painted wood, or to the polished
leaf of the ivy, this alone renders it probable that
some cement is secreted, as has been asserted to be
the’case (quoted by Mokl p. 71) by Malpighi. I
removed a number of discs formed during the previous
year from a stuccoed wall, and left them during many
hours, in warm water, diluted acetic acid and alcohol ;
but the attached grains of silex were not loosened.
Tmmersion in sulphuric ether for 24 hrs. loosened them
much, but warmed essential oils (I tried oil of thyme
and peppermint) completely released every particle of
stone in the course of  fw hours. This seems to prove
that some resinous cement is secreted. The quantity,
however, must be small; for when a plant ascended
4 thinly whitewashed wall, the dises adhered firmly to
the whitewash; but as the cement never penctrated
the thin layer, they were casily withdrawn, together
with little scales of the whitewash. It must not be
supposed that the attachment is effected exclusively
by the cement ; for the cellular ontgrowth completely
envelopes every minute and iregular projection, and
insinuates itself into every erevice.

A tendril which has not become attached to any
body, does mot contract spirally ; and in course of

L2
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week or two shrinks into the finest thread, withers and

. Tondril ol dexeloped, wih a ouse st o theappeets s of o

5, ttr el vt ek Sn T et Wl i e s

et iy el and Ul e oo e
st e o s tehdl B wiherd and dropped o

drops off.  An attached tendril, on the other hand,
contracts spirally, and thus becomes highly elastic, o
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that when the main foot-stalk is pulled the strain is
distributed equally between all the attached dises.
For a few days after the attachment of the discs, the
tendril remains weak and brittle, but it rapidly increases
in thickness and acquires great strength. During the
following winter it ceases to live, but adheres firmly in
a dead state both to its own stem and fo the surface of
attachment. Tn the accompanying diagram (fig. 11)
wo seo the difference between a tendril (B) some weeks
after its attachment to a wall, with one (A) from the
same plant fully grown but unattached. That the
change in the nature of the tissues, as well as the
spiral contraction, are consequent on the formation of
the dises, is well shown by any lateral branches which
have not become attached ; for these in a week or two
wither and drop off, in the sume manner as does the
whole tendsil if unattached. The gain in strength
and durability in a tendril after its attachment is
something wonderful. Thero are tendrils now adhering
to my house which are still strong, and have been
exposed to the weather in a dead state for fourteen or
fifteen yoars. One single Iateral branchlet, of a tendril,
estimated o be at least ten years old, was still elastic
and supported a weight of exactly two pounds. The
whole tendril had five disc-bearing branches of equal
thickness and apparently of equal strength; so that
after having been exposed during ten years to the
weather, it would probably have resisted a strain of
ten pounds !

SAVINDACE 2. —Cardiospernum halicacabum.—In this
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family, as in the last, the tendrils are modified flower-
peduncles. Tn the present plant the two lateral
branches of the main floer-peduncle have been eon-
verted into a pair of tendrils, corresponding with the
single *flower-tendril” of the common vine. The
main peduncle is thin, stiff, and from 3 to 4k inches in
length. Near the summit, above two little bracts, it
divides into three branches. The middle one divides

g balisal

ot prtf o el ith b i
and re-divides, and bears the flowers ; ultimately it
grows half as long again as the two other modified
branches. These latter are the tendrils; they are ab
first thicker and longer than the middle branch, but
never hecome more than an inch in length. They
taper to a point and are flattencd, with the lower
clasping surface destitute of huirs, ~ At first they project
straight up; but soon diverging, spontancously curl
downwards so as to become symmetrically and elogantly
hooked, as represented in tho dingram. ~They arenow,
whilst the flower-buds are still small, ready for
action.
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The two or three upper internodes, whilst young,
steadily rovolye; those on one plant made two circles,
against the course of the sun, in 3hrs. 12m.; in a
second plant the same course was followed, and the
two circlos were completed in 3 hrs. 41m.; in o third
plant, the internodes followed the sun and made two
circles in 3hrs. 47m. The average rate of these six
revolutions was 1hr. 46m. The stem shows no
tendeney to twine spirally round a support; but the
allied tendril-beating genus Paullinia is said (Moh, p.
4) to be  twiner. The flower-peduncles, which stand
up above the end of the shoot, are carried round and
round by the revolving movement of the intemodes ;
and when the stem is securcly tied, the long and
thin flower-peduncles themselyes are seen o be in
continued and sometimes rapid movement from side
toside. They sweep o wide space, but only occasion-
ally revolve in a regular elliptical course. By the
combined movements of the internodes and peduncles,
one of the two short hooked téndsils, sooner or later,
catehes hold of some twig or branch, and then it curls
round and securely grasps it. These tendrils are, how-
ever, but slightly sensitive; for by rubbing their under
surface only a slight movement is slowly produced.
1 hooked a tendsil on to a twig; and in 1hr. 45 m. it
was curved considerably inwards; in 2hrs. 30m. it
formed @ ring; and in from 5 to 6 hours from being
first hooked, it closcly grasped the stick. A second
tendril acted at nearly the same rate; but T observed
one that took 24 hours before it curled twice round a
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thin twig. Tendrils which have caught nothing, spon-
taneously curl up to a close helix after the inter
val of several days. Those which have curled round
some object, soon become a little thicker and tougher.
The Tong and thin main peduncle, though sponta-
neously moving, is not sensitive and never clasps o
support. Nor does it ever contract spirally,* although o
contraction of this kind apparently would have been of
service to the plant in climbing. Nevertheless it
climbs pretty well without this aid. The seed-capsules
though light, aro of enormous size (hence its English
name of balloon-vine), and as two or three are carried
on the sume peduncle, the tendrils rising close to
them may be of servico in preventing their heing
dashed to pieces by the wind. In the hothouse the
tendrils served simply for climbing, -

The position of the tendrils alone suffices to show
their homological nature. In two instances one of
two tendrils produced a flower at its tip ; this, however,
did not prevent its acting properly and curling round
a twig. In a third case both lateral branches which
ought to have been modified into tendrils, produced
flowers 1iko tho central branch, and had quite lost
their tendril-structure,

L have seen, but was not enabled carefully o observe,
only one other climbing Sapindaceons plant, namely,

+ Frits Mallr ek (L. that tho conmon. pednelo e
i o it

it e Cunlimpern s Baoren e b 1
bearingonly a singletendril; und (b pluut’s own stem.
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Paullinia. Tt was not in floer, yet bore long forked
tendils. So that, Pawllinia, with respect to its tendrils,
appears to bear the same relation to Cardiospermum
that Cissus does to Vitis.

Passieronacka—After reading the discussion and
fucts given by Mobl (p. 47) on the mature of the
tendrils in this family, no ono can doubt that they are
modified flower-peduncles. The tendrils and  the
flower-peduncles rise close side by side ; and my son,
William E. Darwin, made sketches for mo of their
caliest state of development in the hybrid P. floribunda.
The two organs appear at first as a single papilla which
gradually divides; so that the tendril appears to be a
modified branch of the flower-peduncle. My son found
one very young tendril surmounted by traces of floral
organs, exactly like those on the summit of tho truo
flower-pedunclo at the same early age.

Passifl This well-named, el t, \|
species differs from the other members of the group

observed by me, in the young internodes having the
pover of revolving. It exceeds all the other climbing
plants which T have examined, in the rapidity of its
moyements, and all tendril-hearers in the sensitiveness
of the tendrils, The internode which carries the upper
active’ tendril and which likewise carries one or two
younger immature internodes, made three revolutions,
following the sun, at an average rate of 1hr. 4m.; it
then made, the day becoming very hot, threo other
revolutions at an average rate of between 57 and
58m.; 50 that the average of all six revolutions was
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1hr.1m. Theapes of the tendril describes clongated
ellipses, sometimes narrow and sometimes broad, with
their longer axes inclined in slightly different diree-
tions. The plant can ascend a thin upright stick by
the aid of its tendrils; but the stem is too stiff for it
to twine spirally round it, even when not interfered
with by the tendrils, these having been successively
pinched off at an early age.

When the stem is secured, the tendrils are soen o
revolve in nearly the same manner and at the same
rte as the intemodes.* The tendrils are very thin,
delicate, and straight, with the exception of the tips,
which are a little curved ; they are from 7 to 9 inches
in length, A half-grown tendril is not sensitives but
own they aro extremely sensifive.
A single delicate touch on the concave surface of the
tip soon cansed one to curve; and in 2 minutes it
formed am open helix. A loop of soft thread weighing
Znd of a grain (202 mg.) placed most gently on the
tip, thrico caused distinet curvature. A bent bit of
thin platina wire weighing only th of a grain (128
mg) twice produced the same effect; but this latter
weight, when left suspended, did not suffice to cause &
permanent curvature, These trials were made under
a bell-glass, 5o that the loops of thread and wife were

Prof, Asn Gray informs me  temperaturo arylng from §5°-02°

that the tendrils of P. acerifolia  Fuli) in the

rovalvo even at u quicker ate 40 m. 45
thoso of P. gracilis

One
revolutions were completed (tho formed
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ot agitated by the wind. The movement after a touch
s very rapid s I took Told of the lower part of several
tendsils, and then touched their concave tips with a
thin twig and watched them carefully through a lens;
the tips evidently began to bend after the following
intervals—81, 25, 32, 31, 28, 39, 31, and 30 scconds ; so
that the movement was generally perceptible in half a
minute after a touch; but on one occasion it was
distinetly visible in 25 seconds. Ono of the tendrils
which thus beeame bent in 81 seconds, had been
touched two hours previously and had coiled into a
helix; so that in this interval it had straightened
itself and had perfectly recovered its irritability.

To ascertain how often the sume tendril would
become curved when touched, T kept a plant in my
study, which from being cooler than the hot-house was
not very favourable for th experiment. The extremity
was gently rubbed four or five times with a thin stick,
and this was done as often ns it was observed to have
Tecome nearly straight again after haying been in
action ; and in the course of 54 hrs. it answered to the
stimulus 21 times, becoming each time hooked or
spiral. On tho last occasion, however, the movement
was very slight, and soon afterwards permanent spiral
contraction commenced. No trials were mado during
the night, so that the tendril would perhaps have
answered a greater number of times to the stimulus ;
though, on the other hand, from having no rest it
might have become exhausted from so many quickly
ropeated efforts,
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T repeated the experiment made on the Echinooystis,

and placed several plants of this Passiflora so close
together, that their tendrils were repeatedly dragged
over each other; but no curvature ensued. I likewise
repeatedly flirted small drops of water from a brush on
many tendrils, and syringed others so violently that
the whole tendril was dashed about, but they never
became curved. The impact from the drops of water
was folt far more distinetly on my hand than that from.
the loops of thread (weighing fynd of a grain) when
allowed to fall on it from a height, and these loops,
which caused the tendrils to become curved, had been
placed most gently on them. Hence it is clear, that the
tendrils either have become habituated to the touch of
other tendrils and drops of rain, or that they were from
the first rendered sensitive only to prolonged though
cessively slight pressure of solid objects, with the
exclusion of that from other tendrils. To show the
difference in the kind of sensitiveness in different plants
and likewise to show the force of the syringe used, I
may add that the lightest jet from it instantly caused
the leaves of a Mimosa to close; whereas the loop of
thread weighing gynd of a grain, when rolled into a
ball and placed gently on the glands at the bases of
the leaflets of the Mimosa, cansed no action.

Passiflora punctata—The internodes do not move,
but the tendrils revolve regularly, A half-grown and
very sensitive tendril made three revolutions, opposed
to the conrse of the sun, in 3 hrs, 5m., 2 hrs, 401,
and 2hrs. 50m. ; perhaps it might have travelled more
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quickly when nearly full-grown. A plant was placed
in front of a window, and, us with twining stems, the
light aceclerated the movement of he tendsil in one
direction and retarded it in the other ; the sem
towards the light being performed in one instance in
15 m, lesstime and in a second instance in 20 m. less time
than that required by the semicirele towards the dark
end of the room. Considering the extremo tenuity of
these tendrils, the action of the light on them is
remarkable. The tendrils arelong, and, as just stated,
very thin, with the tip slightly curved or hooked.
The concave side is extremely sensitive to a touch—
even a single touch causing it to curl inwards; it
subsequently straightened itself, and was again ready

cle

toact. A loop of soft thread weighing ylgth of a grain

5 mg.) caused the extreme tip to bend ; another
time T tried to hang the same little loop on an inclined
tendril, but three times it slid off; yet this extra-
ordinarily slight degree of friction sufficed to make the
tip curl. The tendril, though so sensitive, does not
move very quickly aftera tonch, no conspicuous move-

ment being observable until 5 or 10 m. had elapsed.
The convex side of the tip is not sensitive to a touch
or to a suspended loop of thread. On one occasion T
observed a tendril revolving with the convex side of
the tip forwards, and in consequence it was not ablo
to clasp a stick, against which it seraped ; whereas
tendrils revolving with the concave side forward,
promply seize any object in their path.

Passiflora Irangularis.—This is a very distinct
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species. The tendrils are thick, long, and stiff; they
aro sensitive to a touch only on the concave surface
towards the extremity. When a stick was placed so
that the middle of the tendril came into contact withit,
no curvature ensued. In the hothouse a tendril made
two revolutions, each in 2 hrs, 22 m.; in a cool room
one was completed in 3 hrs, and a second in 4 hrs.
The internodes do not revolve; nor do those of the
hybrid P. floritunda.

Tussonia, manicata—Here again the internodes do
not revolve. The tendrils are moderately thin and
o
the next day a broad ellipse in 5 hrs. 7 m. The
extremity being lightly rubbed on the concave surfuce,

one made a narrow ellipse in 5 brs. 20 m., and

became just perceptibly curved in 7 m., distinctly in
10m., and hooked in 20 m.

We have scen that the tendrils in the last threo
y, the Vitacew, Sapindacen and Passi-
floracere, are modified flower-peduncles. This is like-
wise the case, according to De Candolle (as quoted
by Moh), with the tendrils of Brunnichia, one of the
Polygonacew. Tn two or three species of Modecea, one
of the Papayacew, the tendrils, as I hear from
Prof. Oliver, occasionally bear flowers and fruit; so

that they ave axial in their nature.

The Spiral Contraction of Tendrils.

This movement, which shortens the tendrils and
renders them elastic, commences in half a day, or in &
day or two after their extremities have caught some
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object. There is no such movement in any leaf-
climber, with the exception of an occasional traco of
it in the petioles of Tropeolum tricolorum. On the
other hand, the tendrils of all tendril-bearing plants,
contract spirally after they have caught an object with
the following exceptions. Firstly, Corydalis claviculata,
but then this plant might be called a leaf-climber.
Secondly and thirdly, Bignonia unguis with its close
allies, and Gardiospermum; but their tendrils are so
short that their contraction could hardly oceur, and
would be quite superfluous.  TFourthly, Smilaz aspera
offers a more marked exception, as its tendsils aro
moderately long. The tendrils of Dicentra, whilst the
plant is young, are short and after attachment only
become slightly flexuous ; in older plants they are
longer and then they contract spirally. I have seen
no other exceptions to the rule that tendrils, after
clasping with their extremities a support, undergo
spiral contraction. When, however, the tendril of 4
plant of which the stem is immovabl
some fixed object, it does not contract, simply heeause
it cannot; this, however, rarely occurs. In the
common Pea the Interal branches alone contract, and
not the central stem; and with most plants, such as
the Vine, Passiflora, Bryony, the basal portion never
forms a spire,

Thave said that in Gorydalis clavielata the end of
the Teaf or tendril (for this part may be indifferently
so callod) does not contract into a spire. The
branchlets, however, after they have wound round

fixed, catches
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thin twigs, become deeply sinuous or zigrag. More-
over the whole end of the petiole or tendril, if it seizes
nothing, bends after a time abruptly downwards and
inwards, showing that its outer surfuce has gone on.
growing after the inner surface has ceased to grow.
That growth is the chief cause of the spiral contracs
tion of tendrils may be safely admitted, as shown by
the recent, researches of H. de Vries. 1 will, however,
add one little fact in support of this conclusion.

If the short, nearly straight portion of an attached
tendril of Passiflora gracilis, (and, as T believe, of other
tendrils,) between the opposed spires, be examined, it
will be found to be transversely wrinkled in a con-
spicuous manner on the outside; and this would:
naturally follow if the outer side had grown more than
the inner side, this part being at the sume time
foreibly prevented from becoming curved. So again
the whole outer surface of a spirally wound tendril
becomes wrinkled if it be pulled straight. Nevertheless,
as the contraction travels from the  extremity of a
tendsil, after it has heen stimulated by contaet witha.
support, down fo the base, T canmot, avoid doubting,
from reasons presently to be given, whether the whole
effect ought to be attributed to growth. An unattached
tendsil rolls itself up into a flat helix, as in the case of
Cardiospermum, if the contraction commences at the:
extremity and is quite regular; but if the continued:
growth of the outer surface is u little lateral, or if the
process begins near the base, the terminal portion can-
not be rolled up within the basal portion, and the
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tendril then forms a more or less open s
similar result follows if the extremity has caught
some object, and s thus held fast.

The tendrils of many kinds of plants, if they catch
nothing, contract after an interval of several days or

weeks into o spire; but in these cases the movement
takes place after the tendril has lost its revolving
pover and hangs down; it has also then partly or
wholly lost its sensibility ; so that this movement can
be of no use. The spiral contraction of unattached
tendsils is & much slower process than that of attached
ones. Young tendrils which have canght a support
and are spirally contracted, may constantly be scen on
the same stem with the much older unattached and
uncontracted tendrils, Tn the Eehinooystis 1 have seen a
tendril with the two lnteral branches encireling twigs
and contracted into beantiful spires, whilst the main
branch which had canght nothing remained for many
days straight. In this plant T once observed o main
branch after it had canght a stick become spirally
flexuons in 7 brs, and spirally contracted in 18 hrs.
Generally the tendrils of the Eehinooystis begin to
contract in from 12 brs, to 24 hrs. after catching
some object ; whilst unattached tendrils do not begin
to contract until two or three or even more days after

all rovolving movement has censed. A full-grown
tendril of Passiflora quadrangularis which had canght
a stick began in 8 hrs. to contract, and in 24 hrs.
formed several spires; a younger tendril, only two-
thirds grown, showed the first trace of contraction in
. M
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two days after clasping @ stick, and in two more
days formed several spires. 1t appears, therefore, that,
the contraction does mot begin until the tendril s
grown to nearly its full length. Another young
tendril of about the same age and length as the Jast
did not catch any object; it acquired its full length
in four days; in six additional days it first became
flexuous, and in two more days formed one com-
plete spire. This first spire was formed towards ¢he
basal end, and the contraction steadily but slowly
progressed towards the apex ; but the whole was not
closely wound up into a spire until 21 days had
elapsed from the first observation, that is, until 17
days after the tendril had grown to its full length.
The spiral contraction of tendrils is quite indepen-
dent of their power of spontaneously revolving, for it
ocewrs. in tendrils, such as those of Laflyrus grandi-
lorus and Ampelopsis hederacea, which do not revolve,
It is not necessarily related to the curling of the tips
round o support, as we sce with the Ampelopsis and

Bignonia capreolata, in which the development of
adherent discs suff

es to cause spiral contraction.
Yet in some cases this contraction scems connceted
with the curling or lasping movement, due to contact
with & support; for not only does it soon follow this;
act, but the contraction gencrally begins close to the
curled extremity, and travels downwards to the base.
Tf, however, a_tendril be very slack, the whole length
almost simultaneously hecomes at first flexuous and
then spiral.  Again, the tendrils of some few plants
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never contract spirally unless they have first seized
hold of some object  if they catch nothing they hang
down, remaining straight, until they wither and drop
off: this is the case with the tendrils of Bignonin,
which consist of modified leaves, and with those of
three genern of the Vitacew, which are modified flower-
peduncles. But in the great majority of cases, tendrils
which have never come in contact with any object,
after a time contract spirally. All these facts taken
together, show that the act of clasping a support and
the spiral contraction of the whole length of the
tendsil, are phenomena not necessarily connected.

The spiral contraction which ensues after a tendril
has canght a support is of high service to the plant;
hence its almost universal occurrence with species
belonging to widely different orders.  When a shoot
is inclined and its tendril has caught an object above,
the spiral contraction drags up the shoot. When the

shoot is upright, the growth of the stem, after the
tendrils have seized some object above, would leave it
sluck, were it not jfor the spiral contraction which
draws up the stem as it increases in length, Thus
there is 1o waste of growth, and the stretched stem
ascends by the shortest course. When a terminal
branchlet of the tondril of Coba catches a stick, we
have seen how well the spiral contraction successively
brings the other branchlets, one after the other, into
contact with the stick, until the whole tendril grasps
it in an inextricable knot. Whena tendril has caught
a yielding object, this is sometimes enveloped and

n2
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still further secured by the spiral folds, as I have seen.
with Passiflora quadrangularis; but this action is of
little importance.

A far more important service rendered by the spiral
contraction of the tendrils is that they are thus made
highly elastic. ~As before remarked under Ampelopsis,
the strain is thus distributed equally between the
several attached branches ; and this renders the whole
far stronger than it otherwise would be, as the branches
camnot break separately. It s this elasticitywhich pro-
tects both branched and simple tendrils from being tom:
away from their supports during stormy weather. T
have more than once gone on purpose during a gale to
watch a Bryony growing in an exposed hedge, with:
its tendrils attached to the surrounding bushes; and
as the thick and thin branches were tossed to and fro
by the wind, the tendrils, had they not been excessively
elastic, would instantly have been tom off and the
plant thrown prostrate. But as it was, the Bryony
safely rode out the gale, like a ship with two anchors
down, and with o long range of cable ahead to serve
as a spring as she surges to the storm.

When an unattached tendril contracts spirally, the
spire alvays runs in the same direction from tip to.
base. A tendril, on the other hand, which has caught
a support by its extremity, although the sume side is
concave from end to end, invariably becomes twisted
in one part in one direction, and in another part in the
opposite direction ; the oppositely tumed spires being
separated by a short straight portion. This curious
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and symmetrical structure has been noticed by several
botanists, but has not been sufficiently explained.* 1t
oceurs without exception with all tendrils which after
catching an object contract spirally, but is of courso
most conspicuous in the longer tendrils. Tt never
oceurs with uncaught tendrils; and when this appears
to have occurred, it will be found that the tendril had
originally seized some object and had afterwards been
tom free. Commonly, all the spires at one end of an
attached tendril run in one direction, and all those at

Fig 1.

the other end in the opposite direction, with a single
short straight portion in. the middle; but I have seen
a tendril with the spires alternately turning five times

o Mo T Lion o Bl wind ino  piny iy svoo
e

I some gates fo o ighty in
obrs ot Jen» Bt T
Furpisd that ks bt scutncty
. without any further explanation
support it begins in some days to did ot attract my attention,
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in opposite directions, with straight pieces between
them; and M. Léon has scen seven or eight such
alternations, Whether the spires turn once or more
than once in opposite directions, there are as many
tums in the one direction as in the other. For
instance, I gathered ten attached tendrils of the
Bryony, the longest with 33, and the shortest with
only 8 spiral tums; and the number of tums in the
one direction was in every case the same (within one)
as in the opposite direction.

The explanation of this curious little fact is not
difficult. I will not attempt any geometrical reasoning,
Lut will give only a practical illustration. In doing
this, I shall first have to allude to a point which was
almost passed over when treating of Twining-plants.
1t we hold in our left hand & bundle of parallel strings,
we can with our right hand tumn these round and
vound, thus imitating the revolving movement of a
twining plant, and the strings do not become twisted.
But if we hold at the sime time u stick in our
Jeft band, in such a position that the strings become
spirally turned round i, they will inevitably become
twisted. Hence a straight colonred line, painted along

®

the internodes of a twining plant before it has wound
round a support, hecomes twisted or spiral after it has
wound round. I painted a red line on the straight
internodes of a Humulus, Mikania, Ceropegia, Con~
volvulus, and_ Phaseolus, and sa it become twisted a5
the plant wound round a stick. It is possible that
the stems of some plants by spontancously turning on
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their own axes, at the proper rate and in the proper
direction, might avoid becoming twisted; but 1 have
seen no such case.

Tn the above illustration, the parallel strings were
wound round a stick; but this is by no means neces-
sary, for if wound into a hollow coil (as can be done
with a narrow slip of elastic paper) there is the same
inevitable twisting of the axis. When, thercfore, a free
tendril coils itself info a spire, it must either become
twisted along its whole length (and this never oceurs),
or the free extremity must turn round as many times
as there are spires formed. Tt was hardly necessary
to observe this fact; but I did so by affixing little
paper vanes to the extreme points of the tendrils of
Echinocystis and Passiflora quadrangularis; and as
tho tendril contracted itself into successive spires, the
yane slowly revolved,

We can now understand the meaning of the spires
being invariably tumed in opposite dircetions, in
tendrils which from having caught some ohject are
fised at both ends. Letus suppose a caught tendril
to make thirty spiral turns all in the same direction;
the inevitable result would be that it would become
twisted thirty times on its own ax

This twisting
would not only require considerable force, but, us T
Tnow by trial, would burst the tendril before the thirty
tumns were completed. Such cases never really occur;
for, as already stated, when a tendril has canght a
support and. is spirally contracted, there are always
a8 many tums in one direction as in the other; so that
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the twisting of the axis in the one direetion is exactly
compensated by the twisting in the opposite direction.
We can further see how the tendency is given to make
the later formed coils opposite to those, whether turned
to the right or to the left, which are first made. Take
a piece of string, and let it hang down with the lower
end fised to the floor; then wind the upper end
(holding the string quite loosely) spirally round a per-
pendicular pencil, and this will twist the lower part of
the string ; and after it has been sufficiently twisted, it
will be seen o curve itself into an open spire, with the
curves running in an opposite direction to those round
the pencil, and consequently with a straight piece of
string between the opposed spires. Tn short, we have
given to the string the regular spiral arrangement of a
tendril canght at both ends. The spiral contraction
generally begins at the extremity which has clasped a
support; and these first-formed spires give a twist to the
axis of the tendril, which necessarily inclines the basal
part into an opposite spiral curvature. T cannot resist
giving one other illustration, though superfluous:
when a haberdasher winds up ribbon for a customer,
s not wind it into a single coil ; for, if he did,
bbon would twist itself as many times as there

were coils; but he winds it into a figure of eight on
his thumb and little finger, so that he alternately
takes turns in opposite dircctions, and thus the ribbon
is not twisted. So it is with tendrils, with this sole
difference, that they take several consecutive turns in
one direction and then the same number inan opposite
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direction; but in both cases the self-twisting is

avoided.

Summary on the Nature and Action of Tendrils.

With the majority of tendril-bearing plants the young
internodes revolve in more or less broad ellipses, like
those made by twining plants; but the figures de-
seribed, when carefully traced, generally form irregular
ellipsoidal spires. The rate of revolution varies from
one to five hours in different species, and consequently
s in some cases moro rapid than with any twining
plant, and is never so slow as with those many twiners
which take more than five hours for each revolution.
The direction is variable even in the same individual
plant. In Passiflora, the internodes of only one
specics have the power of revolving. The Vine is
the weakest revolver observed by me, apparently
exhibiting only a trace of a former power. In the
Heeremocarpus the movement is interrupted by many
long pauses. Very few tendril-bearing plants can
spirally twine up an upright stick. Although the
power of twining has generally been lost, cither from
the stiffness or shortness of the internodes, from the size
of the leaves, or from some other unknown cause, the
revolving movement of the stem serves to bring. tho
tendrils info contact with surrounding objects.

The tendrils themselves also spontancously revolve.
The movement begins whilst the tendril is young, and
isatfirst slow, The mature tendrils of Bignonia littoralis
move much slower than the intemodes. Generally,
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the internodes and tendrils revolve together at the
same rate ; in Cissus, Cobiea, and most Passiflor, the
tendrils alone revolves in ofher cases, as with Lathyrus
aphaca, only the internodes move, carrying with them
the motionless tendrils; and, Jastly (and this is the
fourth possible case), neither internodes nor tendrils
spontancously revalve, as with Lathyrus grandiflors
and Ampelopsis. In most Bignonins, Eceremocarpus,

Mutisia, and the Fumariaces, the internodes, petioles
and tendrils all move harmoniously together, In
every case the conditions of life must be favourable in
order that the different parts should act in o perfect
manner.

Tendrils revolve by the curvature of their whole
length, excepting the sensitive extremity and the
base, which parts do not move, or move but litle,
The movement is of the sume nature as that of the

revolving internodes, and, from the observations of
Sachs and . de Vries, no doubt is due to the sume
cause, namely, the rapid growth of a longitudinal band,
which travels round the tendril and successively bows
each part to the opposite side, Hence, if a line be
painted along that surface which happens at the time
to be convex, the line becomes first lateral, then
concave, then lateral, and ultimately again convex.
This experiment can be tried only on the thicker
tendrils, which are not affected by a thin erust of
dried paint. The extremities are often slightly curved
or hooked, and the curvature of this part is mever
reversed ; in this respect they differ from the ex-
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tremities of twining shoots, which not enly reverse
their curyature, or at least become periodically straight,
but curve themselves in a greater degree than the
lower part. In most other respects a tendril acts as if
it were one of several revolving internodes, which all
move together by successively bending to each point
of the compass. There is, however, in many cases this
unimportant difference, that the curving tendril is
separated from the curving internode by a rigid
petiole.  With most tendril-bearers the summit of the
stem or shoot projects above the point from which
the tendril arises; and it is generally bent to one side,
50as o be out of the way of the revolutions swept by
the tendril. In those plants in which the terminal
shoot is not sufficiently out of the way, as we have
seen with the Echinocystis, as soon as the tendril
comes in its revolving course to this point, it stiffens
and straightens itself, and thus rising vertically up
passes over the obstacle in an admirable manner.,

All tendrils are sensitive, hut in various degrees, to
contact with an object, and eurve towards the touched
side. With several plants a single touch, so slight as
only just to move the highly flexiblo tendril, is enough
to induce curvature. Passiflora gracilis possesses the
most sensitive tendrils which T have observed : a bit
of platina wire loth of a grain (123 mg.) in veight,
gently placed on the concave point, eansed a tendril
to become hooked, as did a loop of soft, thin cotton
thread weighing gynd of a grain (202 mg.) With the
tendils of several other plants, loops weighing {1;th of
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a grain (405 mg.) sufficed. The point of a tendsil of
Passifiora. gracilis began to move distinetly in 25
soconds after @ touch, and in many cases after 30
seconds.  Asa Gray also saw movement in the tendrils
of the Cucurbitaceous genus, Sicyos, in 30 seconds.
The tendrils of some other plants, when lightly
rubbed, moved in a few minutes; with Dicentra in
half-an-hour; with Smilax in an hour and & quarter
or half; and with Ampelopsis still more slowly.
The curling movement consequent on a single touch
continues to increase for o considerable time, then
ceases ; after a few hours the tendril uncurls itself, and
again ready to act. When the tendrils of several
inds of plants were caused to bend by extremely
light weights suspended on them, they seemed to grow
acenstomed to so slight a stimulus, and straightened
themselyes, as if the loops had been removed. It
makes no difference what sort of object a tendsil
touches, with the remarkable exception of other ten-
drils and drops of water, as was observed with the

itive-tendrils of Passiflora gracilis and
of the Echinooystis. I have, however, seen tendrils
of the Bryony which had temporarily caught other
tendrils, and often in the case of the vine.

Tendrils of which the extremities are permanently
and slightly curved, are sensitive only on the concave
surface ; other tendrils, such as those of the Cobwa
(though furnished with horny hooks directed to one side)
and those of Cissus discolor, axe sensitive on all sides.
Hence the tendrils of this latter plant, when stimulated
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by a touch of equal force on opposite sides, did not
bend. The inferior and lateral surfaces of the tendrils
of Mutisia are sensitive, but not the upper surface.
With branched tendrils, the several branches act
alike; but in the Hanburya the lateral spur-l
branch does not acquire (for excellent reasons which
have been explained) its sensitiveness nearly so
soon as the main branch. With most tendrils the
lower or basal part is either not at all sensitive, or
sensitive only to prolonged contact. We thus see
that the sensitiveness of tendrils is a special and
localized capacity. It is quite independent of the
power of spontancously revolving ; for the curling of
the terminal portion from a touch does not in the least

ke

interrupt the former movement. In Bignonia unguis
and its close allies, the petioles of the leaves, as well
a5 the tendrils, are sensitive to a tonch,

Twining plants when they come into contact with a
stick, curl round it invarinbly in the direction of their
revolying movement; but tendrils eurl indifferently
o either side, in accordance with the position of the
stick and the side which is first touched. The clasping
movement of the extremity s apparently not steady,
but undulatory or vermicular in its nature, as may be
inferred from the curions manner in which the tendrils
of the Echinocystis slowly crawled round a smooth
stick.

As with o few exceptions tendrils spontancously
1evalve, it may be asked,—why have they been endowed
with sensitiveness #—why, when they come into contact
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with a stick, do they not, like twining plants, spirally
wind round it? One reason may be that they are in
most cases 5o flexiblo and thin, that when brought
into contact with any object, they would almost
certainly yield and be dragged onwards by the revoly-
ing movement. Morcover, the sensitive extremities
have no revolving power as far as I have observed,
and could not by this means curl round a support.
With twining plants, on the other hand, the extremity
spontancously bends more than any other part; and
this is of high importance for the ascent of the plant,
as may beseen on a windy day. Tt is, however, possible
that the slow movement of the basal and stiffer parts
of certain tendrils, which wind round sticks placed in
their path, may be analogous to that of twining plants,
But I hardly attended sufliciently to this point, and it
would have been difficult to distinguish between a

movement due to extremely dull irritability, from the
arrestment of the lower part, whilst the upper part
continued to move onwards.

Tendrils which are only fhree-fourths grown, and
perhaps even at an earlier age, but not whilst extremely
young, have the power of revolying and of grasping
any object which they touch. These two capucities
are generally acquired at about the same period, and
both fail when the tendril is full grown. But in
Cobea and Passiflora punctata the tendrils begin o
revolve in a useless manner, before they have become
sensitive, In the Echinocystis they retain their
sensitiveness for some time after they have ceased to
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revolve and after they have sunk downwards
position, even if they were able to seize an object, such
power would be of no service in supporting the sten.
It s a rare circumstance thus to detect any super-
fluity or imperfection in the action of tendrils—organs
which are so excellently adapted for the functions
which they have to perform ; but we see that they aro
not always perfect, and it would be rash to assume
that any existing tendril has reached the utmost limit
of perfection.

Some tendsils have their revolving motion accelerated
or retarded, in moving to or from the light; others,
as with the Pea, scem indifforent to its action; others
move steadily from the light to the dark, and this aids
them in an important manner in finding a support
For instance, the tendrils of Bignonia capreoluta bend
from the light to the dark as truly as a wind-vane from
the wind.  Tn the Eceremocarpus the extremities alone
tavist and. tumn about so as to bring their finer branches
and hooks into close contact with any dark surface, or
into crevices and holes.

A short time after a tendril has caught a support,
it contracts with some rare exceptions into a spire;
but the manner of contraction and the several important
advantages thus gained have been discussed so lately,
that nothing need here be repeated on the subject.
Tendrils soon_ after eatching a support grow much
stronger and thicker, and sometimes more durable to a
wonderful degree; and this shows how much their
internal tissues must be changed. Occasionally it is
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the part which is wound round a support which
chiefly becomes thicker and stronger; I have scen,
for instance, this part of a tendril of Bignonia aqui-
noctialis twice as thick and rigid as the free hasal part,
Tendrils which have canght nothing soon shrink and
wither; but in some species of Bignonia they disarti-
culate and fall off like leaves in antumn.

Any one who had not closely observed tendrils of
‘many kinds would probably infer that their action was
uniform.  This is the case with the simpler kinds,
which simply eurl round an object of moderate thick-
ness, whatever its nature may bes But the genus
Bignonia shows us what diversity of action there may
be between the tendrils of closely allied species. In
all the nine species observed by me, the young in-
ternodes revolve vigorously; the tendrils also ro-
volve, but in some of the species in a very feeble
manner; and lastly the petioles of nearly all revolve,
though with unequal power. The petioles of threeof the
species, and the tendrils of all are sensitive to contact.
In the first-described species, the tendrils resemble
in shape a bird’s foot, and they are of no service to the
stem in spirally ascending a thin upright stick, but
they can seize firm hold of a twig or branch. When

* Such, lowerer (Test Dok aloptd fo oy eupgorts f
ofBotany, Eng. Traoslaton, 1875, diflernt,thicknesses, Ho

e M e
T overloked, namely, that the  clsped  support. it subsequently
tendils of diffront specice are  tightensits hold.
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the stem twines round a somewhat thick stick, a slight
degree of sensitiveness possessed by the petioles is
brought into play, and the whole leaf together with
the tendsil winds round it. Tn B. unguis the petioles
are more sensitive, and have greater power of move-
ment than those of the last species; they are able,
together with the tendrils, to wind inextricably round
a thin upright stick; but the stem does not twine
so well. B. Tweedyana has similar powers, but in
addition, emits arial roots which adhere to the wood.
In B. venusta the tendrils are converted into elongated
three-pronged grapnels, which move spontaneously in
4 conspicuous manner; the petioles, however, have lost
their sensitivencss. The stem of this species can twine
round an upright stick, and is aided in its ascent by
the tendrils scizing the stick alternately some way
above and then contracting spirally. In B, littoralis
the tendrils, petioles, and internodes, all revolve spon-
tancously The ste

n, however, cannot twine, but ascends
k by seizing it above with both tendrils
together, which then contract into u spire. The tips
of these tendrils become developed into adhesive discs.
B. speciosa possesses similar powers of movement as
the Tust species, but it cannot twine round a stic
though it can ascend by clasping the stick horizon-
tally with one or both of ‘its unbranched tendrils.
Theso tendrils continually insert their pointed ends
into minute crevices or holes, but as they are always
withdrawn by the subsequent spiral contraction, the
habit seems fo us in our ignornce useloss. TLstly,

an upright st

x
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thestem of B, capreolata tvines imperfectly ; the muche
branched tendrils revolve in a eapricious manner, and
bend from the light to the dark; their hooked ex-
tremities, even whilst immature, cravl into crevices,
and, when mature, seizo any thin projecting points
in cither case they develop adhesive discs, and these
have the power of enveloping the finest fibres,

In the allied Ecoremocarpus the internodes, petioles,
and much-branched tendrils all spontaneously revolve
together. The tendrils do not as a whole turn from
the light ; but their bluntly-hooked extremities arrange
themselves neatly on any surface with which they
come into contact, apparently so s to avoid the light.
They act best when each branch seizes o fow thin
stems, like the culms of a grass, which they after-
wards draw together into a solid bundle by the spiral
contraction of all the branches. In Cobwa the
ranched tendrils alone revolve; thé-branches
terminate in sharp, hard, double, little hooks, with
both points directed to the same side; and these tum

by well-adapted movements to any object with which
they come into contact. The tips of the branches
also crawl into dark erevices or holes. The tendrils
and internodes of Ampelop

ha

- little or no power
of revolving; the tendrils are but little sensitive to
contact; their hooked extremities cannot seize thin
objects; they will not even clasp a stick, unless in
extreme need of a support; but they tum from the
light to the dark, and, spreading ont their branches in
contact with any nearly flat surfuce, develop discs.
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These adhere by the secretion of some cement to
wall, or even to a polished surface; and this is more
than the discs of the Bignonia capreolata can effect.
The rapid development of these adherent discs is
one of the most remarkablo peculiaritics possessed by
any tendrils, Wo have seen that such discs are formed
by two species of Bignonia, by Ampelopsis, and,
according to Naudin,* by the Cueurbitaceous genus
Peponopsis adhaerens.  In Anguria the lower surface of
the tendril, after it has wound round a stick, forms
a coursely cellular Inyer, which closely fits the wood,
but s not adherent; whilst in Hanburya a similar
Iayer is adherent. The growth of these cellular out-
growths depends,(except in the case of the Haplolophium
and of one species of Ampelopsis,) on the stimulus from
contact, Tt is a singular fact that three families, so
widel

distinet as the Bignoniacew, Vitacew, and
Sucurbitacer, should possess species with tendrils
having this remarkable power,

Sachs attributes all the movements of tendrils to
rapid growth on the side opposite to that which
becomes concave. These movements consist of re-
valving nutation, the bending to and from the light,
and in opposition to gravity, those caused by a touch,
and spiral eontraction, Tt s rash to differ from so great
an authority, but I cannot believe that one at least of

* Aunales dos Se. Nat. Bot. 1h

tom. il p. 8.

§ 52
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these movements—curvature from o touch—is thus
caused.® In the first place it may be remarked that the
movement of nutation differs from that due toa touch,
insofar that in some cases the two powers are acquired
by the same tendsil at different periods of growth;

ive purt of the tendril does mot seem
pable of nutation. One of my chief reasons for doubt-
ing whether the curvature from a touch is the result
of growth, is the extraordinary rapidity of the move-
ment. I have seen the extremity of o tendril of
Passiflora gracilis, after being touched, distinetly hent
in onds, and often in 30 seconds; and o it is
with the thicker tendril of Sicyos. It appears hardly
eredible that their outer surfaces could have actually

grown in length, which impli

a permanent modifica-
tion of structure, in so short a time. The growth,
morcover, on this view must be considerable, for if the
touch has been at all rough the extremity is coiled
in two or three minutes into  spire of several tums.
When the extreme tip of the tendril of Be
canght hold of a smooth stick, it coiled itself in a
few hours (as deseribed at p. 132) twice or thrice round

* It oocurred to me that the  cilis, but T succeodod ouly i ob-

serving that both mosements wero.
wnaflectod by exposure for 13 hrs.
affected by anwsthetios, in the ton rather arge dose of sulph
same manner as Panl Bort has ric cthor, In this respect they
shovn 0 bo tho cuse vith tho  prosnt » wandrfal conrushwil
dleepimovements of Mimosa and 1, oving no doubt to_ the
e ik Lo e e glands in
comimon pea wnd Passifora gra-  the latter plut.
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the stick, apparently by an undulatory movement. At
first T attributed this movement to the growth of the
outside; black marks were therefore made, and. the
interspaces measured, but T eould not thus detect any
increase in length, Hence it scems probablo in this
case and in others, that the curvature of the tendril
from a touch depends on the contraction of tho colls
along the concave side. Sachs himself admits* that
«if the growth which takes place in the entire tendril
“at the time of contact with a support is small,
« considerable acceleration ocours on the convex sur
«face, but in_ general there is no elongation on the
“ concave surfuce, or there may even be a contraction ;
“in the case of a tendril of Cucurbita this contraction
« amounted to nearly one-third of the original length.”
Tn a subsequent passage Sachs seems to feel some diffi-
culty in accounting for this kind of contraction. Tt
must not however be supposed from the foregoing
remarks that T entertain any doubt, after reading De
Vries' observations, about the outer and stretched
surfaces of attached tendrils afterwards increasing in
length by growth. Such increase seems to me quite
compatible with the first movement being independent
of growth. Why a delicate touch should cause one
side of a tendril to contract we know as little as why,
on the view held by Sachs, it should lead to extra-
ordinarily rapid growth of the opposite side. The
chief or solo renson for the belief that the curvature of

* “Text-Book of Botany, 1873, p. 779,
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atendil when touched is due to rapid growth, seems to
be that tendrils lose their sensitiveness and power of
movement after they have grown to their full length';
but this fact is intelligible, if we bear in mind that all
the functions of a tendril are adapted to drag up the
terminal growing shoot ‘towards the light. Of what
would it be, if an old and full-grown tendsil,
arising from the lower part of a shoot, were to retain
its power of clasping a support? This would be of
no use; and we have seen with tendrils so many in-

s

stances of close adaptation and of the economy of
means, that we may feel assured that they would
acquire irritability and the power of clasping a support
at the proper age— namely, youth—and would not
uselessly retain such power beyond the proper age.
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CHAPTER V.
oo AxD Roor-Crixzens—CoSCLTDING REMARS,
Plunts climbing by the aid of hooks, or merely serambling over other
Jlunia—Root-climbers, adhesive matter secreted by tho Tooflets—

1l
Ganea conasonsvith gt o clibin pants e o s
of their dovolopmer

Hool-Climbers.—Tn my introductory remarks, T stated
that, besides the two first great classes of climbing
plants, namely, thoso which twine round a support,
and those endowed with irritability enabling them to
soize hold of objects by means of their petioles or
tendsils, thero are two other classes, hook-climbers and
root-climbers. Many plants, moreover, as Fritz Miller
has remarked,* climb or scramble up thickets in a still
more simple fashion, without any speéial aid, excepting
that their leading shoots are generally long and flexible.
Tt may, however, be suspected from what follows, that
these shoots in some cases tend to avoid the light.
The few hook-climbers which T have observed, namely,
Galium aparine, Rubus australis, and some climbing

# Joumal of Lim. So. o 5. plauts growia bneath ofhor anid

well a
R e smm: numu thos il woud b ke
insbesoude

w) into climbers: and such plants,
1874, p. 106) i it s i gl o srhing dowests o i,
‘and from no e it

by tho wind,
e Sk i e et B
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Roses, exhibit no spontancons revolving movement,
If they had possessed this power, and had been capable
of twining, they would have been placed in the clss
of Twiners ; for some twiners are farnished with spines

or hooks, which aid them in their ascent, For instance,
the Hop, which is o twiner, has reflexed hooks as large
as those of the Galium ; some other twiners have stiff
reflexed hairs; and Dipladenia has a circle of blunt
spines at the buses of its leaves. - I have seen only
one tendril-bearing plant, namely, Snilaz aspera, which
is farnished with reflexed spines ; but this is the case
with several branch-climbers in South Brazil and
Ceylon; and their branches graduate into true tendrils.
Some few plants apparently depend solely on their
hooks for climbing, and yet do so efficiently, as certain
palms in_ the and Old Worlds. Even some
climbing Roses will ascend the walls of a tall house,
if covered with a trellis. How this is effected T know
not; for the young shoots of one such Rose, when
placed in a pot in a window, bent irregularly towards
the light during the day and from the light during the
night, like the shoots of any common plant; so that
it s not easy to understand how they could have got
under a trellis close to the wall.*

2

* Professor Asa Gray has ex- iy into darkerev

place themselves

Holas cbarvod tha the sing.  ondo. on the fllowing SPSE)
summer shoots of the Michigan  emergod from the trellis as fhey
roso (Rosa sctigers) uro strongly  sought the light.
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A good many plants come under this
class, and are excellent climbers. One of the most
remarkable is the Maregravia wmbellata, the stem of
which in the tropical forests of South Ame
hear from Mr. Spruce, grows in a curious sly flattened

a, as 1

manner against the tranks of trees; here and there
it puts forth claspers (roots), which adhere to the
trunk, and, if the latter be slender, completely embraco
it. When this plant has climbed to the light, it pro-
duces froe branches with rounded stems, clad with sharp-
pointed leaves, wonderfully different in appearance from
those borme by the stem 1 long as it remains adherent.
This surprising difference in the leaves, I have also
observed in a plant of Maregravia dubia in my hothouse.
Root-climbers, as far as T havo seen, namely, the Iry
(Hedera heliz), Ficus repens, and F. barbatus, have no
power of movement, not even from the light to the dark,
As previously stated, the Hoya carnosa (Asclepiadacer)
is a spiral twiner, and likewise adheres by rootlets
even to o flat wall. The tendril-hearing Bignonia
Tweedyana emits roots, which curve half round and
adhero to thin sticks. The Tecoma radicans (Big-
noninces), which is closely allied to many spontanc-
ously revolving species, climbs by rootlets; never-
theless,its young shoots apparently move about more
than can be accounted for by the varying action of
the light.

T have not closely observed many root-climbers, but
can give one curious fuct. Ficus vepens climbs up
a wall just like Iyy; and when the young rootlets
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are made to press lightly on slips of glass, they emit
after about o weelds interval, as I observed several
times, minute drops of clear fluid, not in the ‘least
milky like that exuded from a wound. This fluid
is slightly viscid, but cannot be drawn out into
threads. 1t has the remarkable property of not soon
drying; a drop, about the size of half a pin's head, was
slightly spread out on glass, and I seattered on it some
minute grains of sand. The glass was left exposed
in a drawer during hot and dry weather, and if the
fluid had been water, it would certainly have dried
in o fow minutes; but it remained fluid, closely
surrounding each grain of sand, during 128 days: how
much longer it would have remained I cannot say.
Somo other rootlets were left in contact with the glass
for about ten days or a fortnight, and the drops of
seereted fluid wero now rather Jarger, and so viseid
that they could be drawn ont into threads. Some
other rootlets were left in contact during twenty-three
days, and these were firmly comented to the glass.
Hence we may conclude that the rootlets first secrete
a slightly viscid fluid, subsequently absorb the watery
parts, (for we have seen that the fluid will not dry
by itself,) and ultimately leave a coment, When the
rootlets were torn from the glass, atoms of yellowish
matter were left on it, which were partly dissolved
by a drop of bisulphide of carbon ; and this extremely
volatile fluid was rendered very much less volatile by
what it had dissolved. f
As the bisulphide of carbon has a strong power
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of softening indurated caoutchoue, T soaked in it
during a short time several rootlets of a plant which
had ‘grown up o plaistered wall; and T then found
‘many extremely thin threads of transparent, not viscid,
excessively elastie matter, precisely like caontchou
attached to two sets of rootlets on the same branch.
These threads proceeded from the bark of the rootlet
at one end, and at the other end were firmly attached
to particles of silex or mortar from the wall. Thero
could be no mistake in this observation, as I played
with the threads for a long time under the microscope,
drawing them out with my dissecting-needles and
letting them spring buck again. Yet T looked ro-
peatedly at other rootlets simnmy treated, and could
never aguin discover these clastic threads. T there-
fore infer that the branch in question must have been
slightly moved from the wall at somo critical period,
whilst the secretion was in the act of drying, through
the absorption of its watery parts. The genus Fieus
abounds with caoutchoue, and we may conelude from
the facts just given that this substance, at first in
solution and ultimately modified into an unelastic
cement,® is used by the Ficus repens to cement its
rootlets to any surfuce which it ascends. Whether
other plants, which climb by their rootlets, emit
any cement T do not know but the rootlets of the

o air,
« 5 Fo, 16,1865),  gradully becomon converid. in
in & poper on fhe oxidation of  brtleenouamatiesvery e
indinrubber or eaoutchoue, that 1o shellac.

this substance, whon esposed in

* M. Spiller has recently shown o fine state of d
S
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Tvy, placed against glass, barely adhered to it, yet
scereted a little yellowish matter. T may add, that the
rootlets of the Marcgravia dubia can adhere firmly to
smooth painted wood.

Vanilla aromatica emits airial roots a foot in length,
which point straight down to the ground. According
to Mohl (p. 49), these cravl into crevices, and when
they meet with a thin support, wind round. it, as do
tendrils. A plant which I kept was young, and did
not,form long roots; but on placing. thin sticks in
contact with them, they certainly bent a little to that
side, in the course of about a day, and adhered by
their rootlets to the wood; bt they did not bend
quite round the sticks, and afterwards they re-pursued
their downward course, It is probable that these slight
movements of the roots are due to the quicker growth:
of the side exposed to the light, in comparison with
the other side, and not because the roots are sensitive
to contact in the sume manner as true tendrils, Ac-
cording to Mohl, the rootlets of certain species of
Iyeopodium net us tendrils.*

+ Fria Maller o ‘me e ot of . Pldendrn
that ho s in tho ich grow on the branches abos:
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trug twiners, (hough they uso

inoh i diamete ther poves o demend, st of
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Coneluding Remarks on Climbing Plants.

Plants become climbers, in order, as it may be
presumed, to reach the light, and to expose a large
surfice of their leaves to its action and to that of the
free air. This is effected by climbers with wonderfully
little expenditure of organized matter, in comparison
with trees, which have to support a load of heavy
branches by @ massive trunk. Hence, no doubt, it
arises that there are so many climbing plants in all

o world, belonging to so many different
on arranged under four
classes, disregarding those which merely scramble over
bushes without any special aid. Hook-climbers are
the least efficient of all, at least in our temperate
countries, and can climb only in the midst of an
entangled mass of vegetation. Root-climbers are
excellently adapted to ascend naked faces of rock
or trunks of trees; when, however, they climb trunks
they are compelled to keep much in the shade;
they cannot pass from branch to branch and thus cover
the whole summit of a tree, for their rootlets requi
long-continued and close contact with a steady surface
in order to adhere. The two great classes of twiners
and of plants with sensitive organs, namely, leaf-
climbers and tendril-bearers taken together, far exceed
in number and in the perfection of their mechanism the
climbers of the two first classes. Those which have
the power of spontancously revolving and of grasping
objects with which they come in contact, casily pass
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from branch to branch, and securely ramble over o
wide, sun-lit surfuce.
i o ing twining plants, I

and tendril-bearers graduate to a cortain extent into
one another, and nearly all have the same remarkable
power of spontancously revolving. Does this grada-
tion, it may be asked, indicate that plants belonging
to one subdivision have actually passed during the
lapse of ages, or can pass, from one state to tho other?
Has, for instance, any tendril-bearing plant assumed
its present structure withont having previously existed
as o leaf-climber or a twiner? If we consider leaf-
climbers alone, the idea that they were primordially
twiners is forcibly suggested. The internodes of
all, without
manner as twiners ; some few can still twine well, and

xception, revolve in exactly the same
many others in an imperfect manner. Several leat-
climbing genera are closely allied to other genera
which are simple twiners. It should also be observed,
that the possession of leaves with sensitive petioles,
and with the consequent power of clsping an object,
would be of comparatively little use to a plant,
unless associated with revolving internodes, by which
the leaves are brought into contact with a support;
although no doubt n serambling plant would be apt,
as Professor Jueger has remarked, to rest on other plants
by its leaves, On the dther hand, revolving inter-
s, without any other aid, suffice to give the power
75 so that it seems probable that lenf-
elimbers were in most cases at first twiners, and subse-

nod,

of climbi;
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quently became capable of grasping a support ; and this,
as we shall presently see, is a great additional advantage.

From analogous reasons, it is probable that all
tendril-bearers were primordially twiners, that is, are
the descendants of plants having this power and habit.
For the internodes of the majority revolve; and, in o
fow species, the flexible stem still refains the capacity
of spirally twining round an upright stick. Tendril-
bearers have undergone much more modification than
leaf-climbers; hence it is not surprising that their
supposed primordial habits of revolving and twining
have been more frequently lost or modified than in
the case of leafclimbers. The three great tendril-
bearing fumilies in which this loss has oceurred in the

most marked manner, are the Cucurbitacew, Passi-
floracew, and Vitace
revolve; but T have heard of no twining form, with
the exception (sccording to Palm, p. 29. 52) of Momor-
dica balsamina, and this is only an imperfect twiner.
In the two other families I can hear of no twiners;
and the internodes rarely have the power of revolving,
this power being confined to the tendrils. The inter-
nodes, however, of Passiflora gracilia have the power
in a perfect manner, and those of the common Vine in
an imperfect degree: so that at least a trace of the
supposed primordial habit has been retained by some
members of all the larger tendril-bearing groups.

On the view here given, it may bo asked, Why have
the species which were aboriginally twiners been con-
verted in so many groups into leaf-climbers or tendril-

c. Tn the first, the internodes
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bearers? Of what advantage has this been to them ?
Why did they not remain simple twiners? We can
see several reasons. It might be an advantage to o
plant to acquire o thicker stem, with short intemodes
bearing many or large leaves ; and such stems are ill
fitted for twining. Any one who will look during
windy weather at twining plants will see that they are
easily blown from their support; not so with tendril-
bearers or leaf-climbers, for they quickly and firmly
grasp their support by a much more efficient kind of
movement. In those plants which still twine, but at
the same time possess tendrils or sensitive petioles, us

some species of Bignonia, Clematis, and Tropwolum,
it can readily be observed how incomparably better
they grasp an upright stick than do simple twiners.
Tendrils, from possessing this power of grasping
be made long and thin; so that
little organic matter is expended in their develop-
ment, and yet they sweep a wide circlo in search
of a support. Tendril-bearers can, from their first
growth, ascend along the outer branches of any neigh-

bouring bush, and they are thus always fully exposed
to the light; twiners, on the contrary, are best fitted
to ascend bare stems, and generally have to start in
o shade.  Within tall and dense tropical forests,
twining plants would probably succeed better than
most kinds of tendril-bearers; but the majority of
twiners, at least in our temperate regions, from the
of their revolving movement, cannot ascend
thick tranks, whereas this can be affected by tendil-

natm
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beaters if the trunks are branched or bear twigs, and
by some species if the bark is rugged.

The advantage gained by climbing is to reach tho
light and free air with as little expendituro of organic
matter as possible; now, with twining plants, the stem
is much longer than is absolutely necessary; for
instance, T measured the stem of a kidney-bean, which
had ascended exactly two feet in height, and it was
three feet in length : the stem of a pea, on the other
hand, which had ascended to the sume height by the
aid of its tendrils, was but little longer than the height
reached. That this saving of the stem is really an
advantage to climbing plants, T infer from the species
that still twine but are aided by clasping petioles or
tendrils, generally making more open spires than
those made by simple twiners. Moreover, the plants
thus aided, after taking ono or two turns in one dirce-

tion, generally ascend for a space straight, and then
reverse the direction of their spire. By this means
they ascend to o considerably greater height, with the
samé Length of stem, than would otherwise have been
possible; and they do this with safety, as they secure
themselves at intervals by their clasping petioles or
tendrils,

We have seen that tendrils consist of various organs
in @ modified state, namely, leaves, flower-peduncles,
branches, and perhaps stipules.  With respect to
leaves, the evidence of their modification is ample.
In young plants of Bignonia the lover leaves often
remain quite unchanged, whilst the upper ones have

o

Danwin Online: By permission of the Trustees of the Naturs! History.
Sy S



194 CONCLUDING REMARKS. Cuar. Y.

their terminal leaflets converted into perfect tendrils ;
in Eeoremocarpus 1 have seen o single lateral branch
of a tendsil replaced by a perfect leaflet; in Vioia
sativa, on the other hand, lenflets are sometimes
replaced by tendril-branches; and many other such
cases could be given. But he who believes in the
slow modification of species will not be content simply
to ascertain the homological nature of different kinds
of tendrils; he will wish to learn, as far as is possible,
Ty what actual steps leaves, flower-peduncles, &e., have
had their functions wholly changed, and have come fo
serve merely as prehensile organs.

In the whole group of leafclimbers abundant
evidence has been given that an organ, still subsery-
ing the functions of a leaf, muy become sensitive to a
touch, and thus grasp an adjoining object. With
several leaf-climbers the true leaves  spontancously
zevolve; and their petioles, after clasping a support
grow thicker and stronger. We thus see that leaves
may acquire all the leading and characteristic qualities
of tendrils, namely, sensitiveness, spontancous move-
ment, and subsequently increased strength. If their
blades or lamina were to abort, they would form true
tendrils. And of this process of bortion we can follow.
every step, until no trace of the original nature of
the tendsil s left. In Mufisia clematis, the tendsil, in.
shape and colour, closely resembles the petiole of one.
of the ordinary leaves, together with the midribs of the
Leaflets, but vestiges of the luminie are still oceasionally.
retained. In four genera of the Fumariacew we can
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follow the whole process of transformation. The termi-
nal leaflets of the leaf-climbing Fumaria offcinalis are
not smaller than tho other leaflets ; those of tho leaf-
climbing Adlumia eirrhosa are greatly reduced ; those
of Corydalis clavioulata (s plant which may indifferently
be called a leaf-climber or a tendril-bearer) aro either
reduced to microscopical dimensions or have their
blades wholly aborted, so that this plant is actually in
a state of transition; and, finally, in the Dicentra the
tendrils are perfectly characterized. If, therefore, we
could behold at the sme time all the progenitors of
Diconira, we should almost certainly see a series like
that now exhibited by the above-named three genera.
In Troprolum tricolorum we have another kind of
pussage ; for the leaves which are first formed on the

young stems are entirely destitute of laminw, and
must be called tendrils, whilst the later formed leaves
have well-developed lamin. In all cases the acquire-
ment of sensitiveness by the mid-ribs of the leaves
appears to stand in some close relation with the abor-
tion of their laminw or blades.

On the view here given, leaf-climbers were primor-
dially twiners, and tendril-bearers (when formed of
modified leaves) were primordially leaf-climbers. The
lntter, therefore, are intermediate in nature between
twviners and tendril-bearers, and ought to be related to
both. Thisis the case: thus the several leaf-climbing
species of the Antirrhiner, of Solanum, Cocculus, and
Gloriosa, have within the sumo family and even within
the same genus, relatives which are twiners. In the

oz
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genus Mikania, there are leaf-climbing and twining
species. The leaf-climbing species of Clematis are
very closely ‘allied to the tendril-bearing Naravelia.
The Fumariacese include closely allied genera which are
leat-climbers and tendril-bearers. Lastly, a species of
Bignonia is at the same time both a leaf-climber and
a tendril-bearer; and other closely allied species are
i

Tendsils of another kind consist of modified flower-
peduncles, Tn this case we Jikewise have many in-
teresting transitional states. The common Vine (not
to mention the Cardiospermum) gives us every possible
gradation between a perfectly developed tendril and a
flower-peduncle covered with flowers, yet furnished with:
a branch, forming the flover-tendril. - When the latter
itselfl. bears a fow flowers, as we know sometimes s
the case, and still retains the power of clasping a
support, e see an early condition of all those tendils
which have been formed by the modification of flover-
peduncles.

According to Mohl and others, some tendrils consist
of modified branches: T have not observed any such
cases, and know nothing of their transitional states,
but these have been fully deseribed by Fritz Miller.
The genus Lophospermum also shows us how such a
transition is possible; for its branches spontaneously

olve and are sensitive to contact. Hence, if the
leaves on some of the branches of the Lophospermum.
were 1o abort, these branches wonld be converted
into true tendrils. Nor is there anything improbable
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in certain branches alone being thus modified, whilst
others remained unaltered; for we have seen with cer-
tain varieties of Phascolus, that some of the branches
are thin, flexible, and twine, whilst other branches
on the same plant are stiff and have no such power.
1 we inquire how a petiole, & branch or flover-
peduncle first became sensitive to a touch, and
nequired the power of bendling tovards tho touched
side, we get no certain answer. Nevertheless an ob-
servation by Hofmeister® well deserves. attention,
namely, that the shoots and leaves of all plants, whilst
young, move after being shaken. Kerner also finds, as
e haye seen, that the flower-peduncles of o large
number of plants, if shaken or gently rubbed bend to
this side. And it is young petioles and tendrils,

whatever their homological nature may be, which
move on being touched. It thus appears that climbing
plants have utilized and perfected a widely distributed
and incipient capacity, which capacity, as far as we
can see, i8 of mo service to ordinary plants, If we
further inquire how the stems, petioles, tendsils, and
flower-peduncles of climbing plants first acquired
their power of spontaneously revolving, or, to speak
more acourately, of successively bending to all points
of the compass, wo are again silenced, or at most can
only remark that the power of moving, both spon-
taneously and from various stimulants, is far moro

* Quotad by Cobn, in his handl. der Sehlesischon Gesell!
romarkablo momoir, * Contractilo 1861, Helt 1, . 35,
Gewebe im Pllanzenrsiolie” * Ab-
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common with plants, than is generally supposed to be
the case by those who have not attended to the subject.
Laze given ono remarkable instunce, namely that of
the young
of which spontaneously revolye in very onall circles,
and bend when gently rubbed to the touched side;
yet this plant certainly does not profit by these two
feebly developed powers. A rigorous examination of
other young plants would probably show slight spon-
taneous movements in their stems, petioles or pe-
duncles, as well as sensitiveness to a touch.* We see
at least that the Maurandia might, by a little aug-
‘mentation of the powers which it already possesses,
come first to grasp a support by its flower-peduncles,
and then, by the abortion of some of its flowers (as with
Vitis or Cardiospermum), acquire perfect tendrils.
There is one other interesting point which deserves
notice. We have seen that some tendrils owe their
origin to modified leaves,and others to modified flower-
peduncles; so that some are foliar and others axial
in their nature. Tt might therefore have been expected:
that they wonld have presented some difference in
funetion. This is not the case. On the contrary, they

* o slight _ spontancons  showninrelationfooar

‘movements, I now find, have been jeet (‘Jenaischen thmhnﬂ Bd.
. Holt 3, p, 189 tht the et
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Tt Bock of oy 1575, pr.  wl pints of the sompa 1o
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present the most complete identity in_their several
characteristic powers. Tendrils of both kinds sponta-
neously revolve at about the same rate. Both, when
touched, bend quickly to the touched side, and after-
wards recover themselyes and are able to act again.
In both the sensitiveness is either confined to one side
or extends all round the tendril. Both are either
attracted or repelled by the light. The latter property
is seen in the foliar tendrils of Bignonia capreolata
and in the axial tendrils of Ampelopsis. The tips
of the tendrils in these two plants become, after con-
tact, enlarged into dises, which are at first adhesive
by the. secretion of some cement. Tendrils of both
Kinds, soon after grasping a support, contract spirally ;
they then increase greatly in thickness and strength.
When we add to these several points of identity the
fact that the petiole of Solanum jasminoides, after
it has clasped o support, assumes one of the most
characteristic features of the axis, namely, a closed ring
of woody vessels, we can hardly avoid asking, whether
the difference between foliar and axial organs can be
of so fandamental @ nature as is generally supposed 2 *

We have attempted to trace some of the stages in
the genesis of climbing plants. But, during the
endless fluctuations of the conditions of life to which
all organic beings have been exposed, it might be
expected that some climbing plants would have lost

o Horbrt Spocer g s o that e s o fn-
€ Principles of  dumental distinction betwoen tho
Bt 1. i . i ot organs of plants.
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the habit of climbing. In the cases given of certain
South African plants belonging to great twining fami-
lies, which in their native country never twine, but
reassume this habit when cultivated in England, we
have a case in point. In the leaf-climbing Clematis
flammula, and in tho tendril-benring Vine, we see no
Toss in the power of climbing, but only a remnant of the
revolving power which is indispensable o all twiners,
and is so common as well as so advantageous to most
climbers. In Tecoma radicans, one of the Bignoniaces,
we see a last and doubtful trace of the power of
olving.

With respect to the abortion of tendrils, certain
cultivated varieties of Cucwrbita pepo have, according
to Naudin,* either quite lost these organs or bear
semi-monstrous  representatives of them. In my
limited experience, I have met with only one ap-
parent instance of their natural suppression, namely,
in the common bean. All the other species of Vicia,
T believe, bear tendrils; but the bean is stiff’ enough
to support its own stem, and in this species, at the
end of the petiole, where, according to analogy, a ten-
dril ought to have existed, a small pointed filument
projects, about a third of an inch in length, and which
is probably the rudiment of a tendril. This may be
the more safely inforred, as in young and unhealthy
specimens of other tendril-bearing plants similax rudi-
ments may occasionally be observed. In the bean

* Anunales des Se. Nat, 4th serics, Dot. tom. vi, 1856, p. 1.
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these filaments are variablo in shape, as is so fre-
quently the cuse with rudimentary organs; they are
cither cylindrical, or foliaceous, or are deeply furrowed
on the upper surface, They have not retained any
vestige of the power of revolving. It s a curious
fuct, that many of these filaments, when foliaceous,
have on their lower surfaces, dark-coloured glands like
those on the stipules, which excrete a sweet fluid ; so
that these rudiments have been feebly utilized.

One other analogous case, though hypothetical, is
worth giving. Nearly all the species of Lathyrus
possesses tendrils; but L. nissolia is destitute of them.
This plant has leaves, which must have stru v
one with surprise who has noticed them, for they are
quite wnlike those of all common papilionaceous
plants, and resemble those of a grass. In another
specics, L. aphaca, the tendril, which is not highly
developed (for it is unbranched, and has no spon-
taneous revolving-power), replaces the leaves, the
latter being replaced in function by larze stipules.
Now if we suppose the tendrils of L. aphaca to become
flattened and foliaceous, like the little rudimentary
tendsils of the bean, and the large stipules to become
at the same time reduced in size, from not being any
longer wanted, we should have the exact counterpart
of L. nissolia, and its curious leaves are at once
rendered intelligible to us.

Tt may be added, as serving to sum up the foregoing
views on the origin of tendril-bearing plants, that L.
missolia is probably descended from a plant which was

o
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primordially & twiner; this then became a leaf-climber,
the leaves being afterwards converted by degrees into
tendrils, with the stipules greatly increased in size
through the law of compensation.” After a time the
tendrils lost their branches and became simple; they
then lost their revolving-power (in which state they
would have resembled the tendrils of the existing
L. aphaca), and afterwards losing their prehensile
power and becoming foliaceons would no longer o
thus designated. TIn this last stage (that of the exist
ing L. nissolia) the former tendrils would reassume
their original function of leaves, and the stipules which
were recently much developed being no longer wanted,
would decrease in If species become modified in
the course of ages, as almost all naturalists now admit,
we may eonclude that L. nissolia has passed through a
series of changes, in some degree like those hero
indicated.

The most interesting point in the natural history of
climbing plants is the various kinds of movement
which they display in manifest relation to their wants.
The most different organs—stems, branches, flower-
peduncles, petioles, mid-ribs of the leaf and leaflets,
and apparently aérial roots—all possess this power.

The first action of a tendril is to place itself in &
proper position. For instance, the tendril of Cobica

- T FBléments do
Tenssogi, 1041, . 150 e S SelE S dis-
tho case of & hean, i appeared stipules grow ©
hiol . ois f compauenie B RN e RUREH
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first rises vertically up, with its branches divergent
and with the terminal hooks turned outwards; the
young shoot at the extremity of the stem is at the
samo time bent to one side, so s to be out of the way
The young leaves of Clematis, on the other hand,
preparo for action by temporarily curving themselves
downwards, 5o as to serve as grapnels.

Sccondly, if o twining plant or a tendril gets by
any accident into an inclined position, it soon bends
upwards, though secluded from the light. The guid-
ing stimulus no doubt is the attraction of gravity, as
Andrew Knight showed to be the case with germinat-
ing plants. If a shoot of any ordinary plant be placed
in an inclined position in a glass of water in the dark,
the extremity will, in a few hours, bend upwards; and
if the position of the shoot be then reversed, the
downward-bent shoot reverses its curvature; but if
the stolon of a strawberry, which has no tendency to
grow upwards, be thus treated, it will curve downwards
in the divection of, instead of in opposition to, the
force of gravity. As with the strawberry, so it is
genenally with the twining shoots of the Hibbertia
dentata, which climbs laterally from bush to bush; for
these shoots, if placed in a position inclined downwards,
show little and sometimes no tendency to curve up-
wards.

Thirdly, climbing plants, like other plants, bend
towards the light by a movement closely analogous to
the incurvation which causes them to revolve, so that
their revolvingmovementis often accelerated or retarded
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intravelling to or from the light. On the other
hand, in a few instances tendrils bend towards the
dark.

Fourthly, we have the spontancous revolving move-
ment which is independent of any outward stimulus,
but is contingent on the youth of the part,and on
vigorous health; and this again of course depends on
a proper temperature and other favourable conditions
of life.

Fifthly, tendrils, whatever their homological nature
may be, and the petioles or tips of the leaves of leaf-
climbers, and apparently certain roots, all have the
power of movement when touched, and bend quickly
towards the touched side. Extremely slight pressure
often suffices. If the pressure be not permanent, the
part in question straightens itself and is again ready
to bend on being touched.

Sixthly, and lastly, tendrils, soon after clasping a
support, but not after a mere temporary curvature,
contract spirally. If they have not come into contact
with any object, they ultimately contract spirally, after
ceasing to revolve; but in this cuse the movement is
useless, and oceurs only after a considerable lapse of
time.

With respect to the means by which these various
movements are effected, there can be little doubt from
the researches of Sachs and H. de Vries, that they are
due to unequal growth 3 but from the reasons already
assigned, T cannot believe that this explanation applies
to the rapid movements from a delicate touch.
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Finally, climbing plants are sufficiently numerous to
form @ conspicuous feature in the vegetable kingdom,
more especially in tropical forests. America, which so
abounds with arboreal animals, as Mr. Bates remarks,
likewise abounds according to Mohl and Palm with
climbing plants; and of the tendril-bearing plants
examined by me, the highest developed kinds are
natives of this grand continent, namely, the several
species of Bignonia, Feeremocarpus, Cobia, and Ampe-
Topsis.  But even in the thickets of our temperate
regions the number of climbing species and individuals
is considerable, as- will be found by ecounting them.
They belong to many and widely different orders. To
gain some rude idea of their distribution in the vegetable
sorics, I marked, from the lists given by Mohl and Palm
(adding a few myself, and a competent botanist, no
doubt, could have added many more), all those families
in Lindley’s ¢Vegetable Kingdom’ which include
twiners, leaf-climbers, or tendril-bearers.  Lindley
divides Phanerogamic plants into fifty-nine Alliances ;
of these, no less than thirty-five include climbing plants
of the above kinds, hook and root-climbers being ex-
cluded. To these a fow Cryptogamic plants must be
added. When we reflect on the wide separation of these
plants in the series, and when we know that in some of
the largest, well-defined orders, such as the Composite,
Rubiacew, Serophularincew, Liliacew, &c., species in
only two or three genera have the power of climbing,

h don is forced on our minds pacity of
revolying, on which most climbers depend, is inherent,
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though undeveloped, in almost every plant in the
vegetable kingdom.

Tt has often been vaguely asserted that plants are
distinguished from animals by not having the power
of movement. It should rather be said that plants
acquire and display this pover only when it is of some
advantage to them; this being of comparatively rare
occurrence, as they are affixed to the ground, and food
is brought to them by the air and rain. We see
how high in the scale of orgunization a plant may
rise, when we look at one of the more perfect tendril-
bearers. Tt first places its tendrils ready for action,
as a polypus places its tentacula. If the tendril be
displaced, it is acted on by the foree of gravity and
rights itself. It is acted on by the light, and bends
towards or from it, or disregards it, whichever may be
most advantageous. During several days the tendrils
or internodes, or both, spontaneously revolve with a
steady motion. The tendril strikes some object, and
quickly curls round and firmly grasps it. In the
course of some hours it contracts into a spire, dragging.
up the stem, and forming an excellent spring. AIL
movements now cense. By growth the tissues soon
become wonderfully strong and durable. The tendril
has done its work, and has done it in an admirable
‘manner.
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