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PREFACE.
Tuts Essay first appeared in the ninth volume of
the “Journal of the Linnean Society,” published in
1865, It is here reproduced in a corrected and, I

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
p- 344) some

to the Linnean Society (Journal, vol.
interesting observations on the climbing plants of
South Brazil, to which I shall frequently refer.
Recently two important memoirs, chiefly on the
differenco in growth between the upper and lower
sides of tendrils, and on the mechanism of the move-
ments of twining plants, by Dr. Hugo do Vries, have
appeared in the ¢ Arbeiten des Botanischen Instituts
in Wiirzburg," Heft. iii, 1873. These memoirs ought
to be carefully studied by every one interested in the
subject, us I can here give only references to the

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

well as Professor Sachs,® attributes all the movements
of tendrils to rapid growth along one side; but, from
reasons assigned towards the close of my fourth
chapter, T cannot, persuade myself that this holds
good with respect to those due to u touch. Tn order
that the reader may know what points have interested
mo most, T may call his attention to certain tondril-
bearing plants; for instance, Bignonia capreolat,
Cobiwea, Echinocystis, and Hanburys, 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
samoindividual plant of Corydalis clavieulata and
the common vine; and these cases illustrate in a
striking manner the principle of the gradual evolu-
tion of species.

« An Englidh tranlatin of  of“Tost-Hork of Botany, and his
tho *Lelrbuel der Botanik” by is o groat boon 40 all lovor of

Profussor Sachs, has recontly  natural soicuco in England.
(1575), appeared under the title
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MOVEMENTS AND HABITS

CLIMBING PLANTS.

CHAPTER L
Twisive Prass,
Tatrolusory reasha—Desipion ofthetvaingofth Hop-—Tarsion
of tho stems—Naturo of the revolving mov
e s i o st
Thickuos of the sapgort ousd whih plsts cuntvino—Syecio
‘which revolve in an anomalous

Twas lod to this subject by an interesting, but short
paper by Professor Asa Gray on the movements of the
tendrils of some Cucurbitaccous plants.* My obser-
vations were more than half completed before T 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 o o memirs by Dutrochet:t  Noverthelss,

* “Proe. Amer. A Ml 1897 Puln's Tres
RS . An[ 1, blish
Tty
Rl . P, U bl Cal’ Cusiid by Hien-

der Py Hugo von frey), by 1. vou Mobl, p. 147 to
Mok, Usber den Bau und das  end.
“Winden der Rouken und Schling- ~ § “Des Mouvements révolutifs

> e
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2 TWINING PLANTS, Cr, T,

T believe that my observations, founded 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.
First, those which twine spirally round a support, and
are not aided by any other movement. Secondly,
those 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 a certain
extent into one another. Plants of the third class
ascend merely by the aid of hooks ; and those of the
fourth by rootlets; but as in neither class do the plants
exhibit any special movements, they present little
interest, and generally when I speak of climbing plants
1 refer to the two first great classes.

TwiNING PrANTS.

This is the largest subdivision, and is apparently
the primordial and simplest condition of the class.
My observations will bo best given by taking u fow
ial cases.  When the shoot of a Hop (Humulus
Tupudus) ises from the ground, the two or three first-
formed joints or internodes are straight and remain
ut the next-formed, whilst very young,

apontanés e, ‘Comptes Rendus?  cherches sur la. Volubilité des
tom. xvil. (1813) p. 969; “Re-  Tiges,” &e, tom. xix.(1944) . 295,
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Omr, 1. TWINING PLANTS. 8

may be seen to bend to one sido and to travel slowly
round towards all points of the compass, moving, like
the hands of a watch, with the sun. The movement
very soon acquires its full ordinary velocit,
seven observations made during August on shoots 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. 8 m. for each revo-
lution ; and none of the revolutions varied much from
this rate. The revolving movement continues as long
ns the plant continues to grow; but each separate
internode, as it becomes old, ceases to move,

To ascertain more precisely what amount of move-
ment each internode underwent, T kept a potted plant,

From

during the night and day, in & well-varmed room to
which T was confined by illness. A long shoot pro-
joeted beyond the upper end of the supporting stic

and was steadily revolving. I then took a longer stick
and tied up the shoot, so that only & very young inter-
node, 13 of an inch in length, was left froe. This was so
nearly upright that its revolution could not be easily
observed ; but it certainly moved, and the side of the
Satasibehian i b

which, as wo shall hereafter see, is a sure sign of the
revolving movement. I will assume that it made at
least one revolution during the first twenty-four hours.
Early 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 circle was performed in the evening in a lttle over
52
Darwin Online: By permission of the Trustees of the Natural History
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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 3hrs. I should add that the temperatare
of the, room varied only a little. The shoot had now
grown 3 inches in length, and carried at its extremity
& young internode 1 inch in length, which showed
slight changes in its curvature. The next or ninth
revolution was effected in 2 hrs. 0m. From this time
forward, the revolutions were' easily observed. The
thirty-sixth revolution was performed at the usual

¢; 50 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.
I tied a weight to its upper end, so as to bow it slightly
and thus detect 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 few more remarks will complete all that need be
said about this internode. Tt moved during five
days; but the more rpid movements, after the per-
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 room,
especially during the night, and consequently retarded
the rate of movement a little, There was only one
irregular movement, which consisted in the stem rapidly
making, after an unusually slow revolution, only the

Darwin Online: By permission of the Trustees of the Natural History
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O, I TWINING PLANTS. 5

sogmont of a circle. ~ After the seventeenth revolution
the internode had grown from 14 to 6 inches in length,
and carried an internode 1 inch long, which was
just perceptibly moving ; and this carried a very minute
ultimate internode.  After tho twenty-fist revolution,
the penultimate internode was 2} inches long, and
probubly revolved in o period of about threo hours.
At the twenty-seventh revolution the lower and still
moving internode was 83, the penultimate 8), 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
ceased, the lower internode was 9 inches, and the
penultimato 6 inches in length; so that, from the
twenty-seventh to thirty-seventh rovolutions inclusive,
three internodes wero at the same time revolying.
The lower intemode, when it censed revolving,
became upright and rigid; but as the whole shoot
was loft 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 sound the old central point of
the supy ck. 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
e it hung down more and more, whilt the growing
y turned itsclf more.

Vhth the Hop we ]uu-a seen that three internodes

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

wero at the sume time revolving ; and this was the case
with most of the plants observed 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 internodo just commencing
to move. With Hoya carnosa, on the other hand, a
depending shoot, without any developed leaves, 32
inches in length, and consisting of seven internodes
(a minute terminal one, an inch in lngth, being
counted), continually, but slowly, swayed from side
to side in a semicireular course, with the extreme
internodes making complete revolutions. This sway=
ing movement was certainly due o the movement of
the lower internodes, which, however, had not force
sufficient to swing the whole shoot round the central
supporting stick, The case of another Asclepiadaceous
plant, viz., Ceropegia Gardneris, is worth briefly giving.
T allowed the top to grow ont almost horizontally to
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
reverse of that of the Hop), at rates botween 5 hrs, 15m.
and 6hrs. 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 cirenmference, travelling at tho
rate of 52 or 33 inches per hour. The weather being
hot, the plant was allowed to stand on my study-table;
and it was an_ interesting spectacle to watch the long
shoot sweeping this grand cricle, night and day, i
search of some object round which to twine.

Darwin Online: By permission of the Trustees of the Natura! History
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Cusr. T TWINING PLANTS, o

I wo take hold of a growing sapling, we can of
course bend it to all sides in succession, so as to make
the tip describe a circle, 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 bo painted on the bark, on the side which is
uppermost when the sapling is bent towards the
holder's body, as the cirele is described, the black
point gradually turns round and sinks to the lower
side, and comes up again when the cirelo is completed ;
and this gives the false appearance of twisting, which,
in the case of spontaneously revolying plants, deceived
mo for a time. The appearance is the more deceitful
because the axes of mnearly all twining-plants are
really twisted; and they are twisted in the same
direotion with the spontancous revolving movement.
To give an instance, the internode of the Hop of
which the history has been recorded, was at first, as
could bo seen by he ridges on its surfuce, not in the
Léast twisted ; but when, after the 87th 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 lino of the course of tho sun; on
the other hand, the common Convolvulus, which
rovolves in an opposite courso to the Hop, becomes
twisted in an opposite dircetion.

Henco it is not surprising that Hugo von Mohl
(p- 105, 108, &) thought that the twisting of the
axis caused the revolying movement; but it is not

Darwin Online: By permission of the Trustees of the Natural History
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8 TWINING PLANTS. Cur. L. ﬂ

possible that the twisting of the axis of the Hop three
times shonld have cansed thirty-seven revolutions.
Morcover, 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 soveral days, but became
twvisted only once round their own axes. The best
evidence, however, that the twisting does not cause the
revolving movement is afforded by many leaf-climbing
and tendril-bearing plants (as Pisum sativum, Eebino-
eystis lobata, Bignonia capreolata, Eecremocarpus scaber,
and with the leaf-climbers, Solanum jasminoides and
various species of Clematis), of which the internodes are
not twisted, but which, as we shall hereafter see, re-
gularly perform revolving movements like those of truc
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. 356), is
the case with all the internodes of a certain variety of
Phaseolus multiflorus. Tnternodes which have become
twisted round their own axes, if they have not ceased
to revolve, are still capable of twining round a support,
as T have several times observed.

Moh! has remarked (p. 111) that when a stem twines
round a smooth cylindrieal stick, it does not become

* “Bull, Bot Soe. do Franee, tom. v. 1838, p. 836.
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Cur. I TWINING PLANTS. 9

twisted.*  Aceordingly T allowed Kidney-beans to run
up strotehed 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
mechanical necessity from the spiral winding. The
stems, on the other hand, which had ascended ordinary
rough sticks were all more or less and generally much
twisted. The influence of the roughness of the support
in causing axial twisting was well seen in the stems
which had twined up the glass rods; for theso ods
were fixed into split sticks below, and were secured
above to cross sticks, and the stems in passing these
places became much twisted. As soon as the stems
which had ascended the iron rods reached the summit
and became free, they also became twisted ; and this
apparently ocourred more quickly during windy than
during calm weather Several other facts could be given,
showing that the axial twisting stands in some relation
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 3 but this oceurs so much more

* This wholo subjoc Lns boen it has coased or begun to ceaso in
ably dicussed and explained by  the faner layers”
H. do Vrics, ‘Atbeten dew ok, 1 Professor Asn Gray s re-
Tnsttuts o Wiirsburg, Helt il marked t0 e, in o lotier, that in
133118 Bl ka0t The il e ricing of
! bk is very oonspiouaus. Tho
G 6 ) e et A B e o
“thattonion istho esultof gowth {he observers bat, in noticing
contining in tho oute layers affer  about o hundeed ks, four
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10 TWINING PLANTS, Omr. L

generally and strongly with twining-plants than with
other plants, that thero must be some comnexion
botween the capacity for twining and axial twisting.
The stem probably gains rigidity by being twisted
(on the samo principle that o much twisted rope is
stiffor than a slackly twisted one), and is thus in-
dircotly bencfited 5o as to bo 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, ono twist for each spira
completed. This was well shown by painting straight
lines on living stems, and then ailowing them to twines
but, as T shall have to recur to this subject under
Tendrils, 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 one important difference.
The upper part of the sapling when thus moved
sarked 0 mo i a lotter that

“somo of theso cases, if not all,
are dependent upon some obetacle

rinad rousd gl mpprte;
e tho s

g b o i o

Yy givig grber siilly o ™

By, Dr. Maxwll Mastor:
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Cur. I TWINING PLANTS, 1

remains straight; but with twining plants every part
of the revolving shoot has its own separate and
independent movement. This s casily proved ; for
when the lower half or two-thirds of o long revolving
shoot is tied to a stick, the upper free part continues
steadily rovolving. Even if the wholo shoot, except
au inch or two of the extremity, bo tied up, this part,
as 1 have seen in the case of the Hop, Ceropegia,
Convolvalus, &, goes on revolving, bt 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 a revolving shoot,
they will bo all seen to bo more or less bowed, cither
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,
we will say, the convex surface, the streak will after
a time (depending on the mte of revolution) be
found to 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 surfuce. This clearly proves that during the
revolving movement the internodes become bowed
in every direetion. The movement is, in fact, a con-
tinuous self-bowing of the wholo shoot, successively
directed to all points of the compass; and has been
well designated by Sachs as a revolving nutation.

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

Darwin Online: By permission of the Trustees of the Natural History.
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convex surfuce ; let the sapling spring up and bend it
to the cast, and the black Jine will be seen to rum
along the lateral face fronting the north ; bend it to
the north, the black line will be on the concave
surfuce ; bend it to the west, the line will again be an
the lateral face s and when again bent to the south,
the line will be on the original convex surface. Now,
instead of bending the sapling, lot 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
surface creep round the shoot, descrting by slow degrees
the northern side and encroaching on the western side,
and so round by the south, by the east, ugain to the
north. In this case the shoot would remain always
bowed with the painted line appearing on the several
above specified surfuces, and with the point of the
shoot successively dirccted to each point of the
compass. Tn fact, we should have the exact kind of
movement performed by the revolving shoots of twining.
plnts.*

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

? Tho view hat the revving 5. do Ve nd i el 08
at

movan m of thestems view i proved by their
g el o grovth casraton
that advanced by Sachs and

Darwin Online: By permission of the Trustees of the Natural History
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Cuar. L. TWINING PLANTS. 13

our illustration, if we suppose only the northern and
southern surfices of the sapling alternately to grow
rapidly, the summit would describe a simple arc; if
the growth first travelled a very little to the western
face, and during the return a very little to the eastern
face, a narrow ellipse would be deseribed ; and the
sapling would bo 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 thre of the sides of the shoot seem to be growing
in due order more rapidly than the remaining side; so
that a semi-cirele instead of a cirelo is described, the
shoot becoming straight end upright during half of its
course.

When a revolving shoot consists of several inter-
nodes, the lower ones bend. together at the sume rate,
but one or two of the terminal ones bend at o slower
rate; hence, though at times all the internodes are
in the sume dircetion, at other times the shoot is
rendered slightly serpentine. The rate of revolution
of the whole 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 tho Asclopiadacewe. The hooked tip, in all the
cases observed by me, viz. in Ceropegia, Spharostema,
Clerodendron, Wistaria, Stephania, Akebia, and Sipho-
meris, hs 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. Cuar..

other internodes ; for a line painted on the convex
surfuco first becomes Interal and then concave; 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 flesible internodes, to bend.
in a greater degree or more abruptly thaw the other
internodes, is of service to the plant ; for not only does
the hook thus formed sometimes serve to catch a
support, but (and this seems to bo much more impor-
tant) it causes the extremity of the shoot to embrace.
the support much more closely than it could otherwise
have done, and thus aids in preventing the stem from
being blovn away during windy weather, as T have
many times observed. In Lonicera brachypoda the
hook only straightens itsclf periodically, and never
becomes reversed. I will not assert that the tips of
all twining plants when hooked, either reverse thems
selves or hecome periodically straight, in the manner
just described ; for the hooked form may in some cases
be permancnt, and be due to the manner of growth of
the specics, as with the tips of the shoots of the com-
e, and more plainly with those of Cissus dis-
color—plants which are not spiral twiners.

The first purpose of the spontaneous revolving
movement, or, more strictly speaking, of the con-

mon v

* Tho mocanian by wich he I, do Yres (0, . $5D M
the

ap
omplas pabio,
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Cur. . TWINING PLANTS. 15

tinuous bowing movement directed 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,
a wider and wider circle 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 are 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.
internode loses from age its power of revolving
wise loses its power of spirally twining.
swings a rope round his head, and the end hits a stick
it will coil round the stick according to the dmcmu
of the swi ; soit is with
wline of growth travelling round the free part of the
shoot causing it to 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 permission of the Trustees of the Natural History
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16 TWINING PLANTS,  omnt
a dull kind of irritability, so that they bend towards

any object which they touch; but this is denied
by Pulm. Even before reading Mohl's interesting
treatise, this view scemed to me so probable that T
tested it in every way that T could, but always with
anegative result. I rubbed many shoots much harder
than is necessary to excite movement in any tendsil
or in the foot-stalk of any leaf climber, but withoutany
offect. 1T then tied a light forked twig to a shoot of &
Hop, o Coropegia, Spharrostema, and Adhatoda, so that
the fork pressed on one side alone of the shoot and
revolved with it; T purposcly selected some very slow
revalyers, as it seemed most likely that these would
profit most from possessing irritability ; but in no case
was any effect produced.® Moreover, when a shoot
winds round a support, the winding movement is
always slover, as we shall immediately see, than
whilst it revolves freely and touches nothing, Hence
I conclude that twining stems are not irritable; and
indeed it is not probable that they should bo 8o, a8
nature always economizes her means, and irritability
would have been superfluons. Nevertheless T do not
wish to assert that they are never irritable; for the
g axis of the leaf-climbing, but not spirdlly
twining, Lophospermum scandens is, certainly irritable;
but this case gives me confidence that ordinary twiners

. do Vi ako has - plast ar ok it o U
shown dbid. . 321 and cauie of fheir winding up &
oy oo e e o do-

e, that the stems of bwining seribed,
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Omr. L TWINING PLANTS. 17

do mot 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
leaf-climber.*

Tho 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 free 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
become spinal. I huve seen this in a remarkable

the ends of th

of the allied Akebia, which beeame wound up intoa close
spire, just like a tendril; and this was apt to ocour after
some small, ill-formed leaves had perished. The ex-
planation, T believe, is, that in 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 a revolving shoot strikes a stick, it winds
round it rather more slowly than it revolves. For
instance, a shoot of the Ceropegia, revolved in 6 hrs.,

+ Dr. H. do Vries sates (ibid. p. 322) that the stem of Cuscuta is
ke a tendil,

o
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18 TWINING PLANTS. O, L.

but took 9 hrs. 50 m. to make one complete spire round.
astick ; Aristolochia gigas revolved in about 5 hrs,, but
took 9 hrs. 15 m. o complete itaspire. 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 wonnd round u stick,
always slipped up it, so us 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 almast freed from the constraint of gravity
and allowed to act freely. With the Wistari, on the
other hand, a long horizontal shoot wound itself at
first into @ very close spire, which remained wne
changed; but subscquently, as the shoot twined
spirally up its support, it made a much more open
spire. With all the many plants which were allowed
to ascend @ support, the terminal internodes
at first a close spire; and this, during windy
weather, served to keep the shoots in elose contact
with their support; but as the penulfimate internodes
grew in length, they pushed themselves up for &
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

made

# Sce Dr. H. do Vries (ibid. p. 324) on this subjoct,
Darwin Online: By permission of the Trustees of the Natural Histery
TR



Cur. L. TWINING PLANTS. 19

cecupied by each leaf with respect to the support,
depends on the growth of the internodes after they
have become spirally wound round it. T mention this
on account 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
of the supporting stick, whatever its thickness may
be. My sons visited @ hop-field for me, and reported
that though they generally found the points of i
tion of the leaves standi
of two or three feet in height, yet this never occurred
up the whole length of the pole; the points of insertion
forming, s 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 Thunlergia alata were arranged in lines up the
round which they had twined ; accordingly,
dozen plants, and gave them sticks of various thick-
nesses, as well as string, to twine round ; and in this
case one alone out of the dozen had its leaves
arranged ina perpendicularline : T conclude, therefore,
Pal's statement is not quite aceurate.

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

sor-

over each other for a space

®

* Comptes Tendus, 184, tom. xix. p. 205, and Annales des Se. Not.
el seics Bot, tom, i, p 163,
c2
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20 TWINING PLANTS. Cur. L.

who found different individuals of Solanun duleamara

twining in opposite directions, and these had their

wes in each case spirally arranged in the same direc-

tion. A denso whorl of many leaves would apparently

bo incommodious for a twining plant, and some authars

assert that none have their leaves thus arrnged; bt
ining Siphomeris has whorls of three leayes.

1 stick which has arrested a revolving shoot, but
has mot as yet been encirclod, be suddealy taken
away, the shoot generally springs forward, showing
that it was pressing with some force against the stick.
After a shoot has wound round a stick, if this be with-
drawn, it retains for a time its spiral form; it then
straightens itself, and again commences fo revolve.

viously alluded to offered some curious peculiritics.
o lower and older internodes, which continuod to
le, on repeated trials, of twining
+ showing that, although the power
of movement was retained, this was not sufficient
to enable the plant to twine. I then moved the

ick to a greater distance, so that it was struck by
u point 2} inches from the extremity of the penulti-
mate internode; and it was then neatly encircled
by this part of the penultimate and by the ultimate
After leaving the spirally wound shoot for
eleven hours, T quietly withdrew the stick, and in the
course of the day the curled portion straightened
itself and recommenced revolving; but the lower and:
not curled portion of the penultimate internode did

Derwin Online: By permission of the Trustess of the Natural History
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ot move, a sort of hinge separating the mo
the motionless part of the samo intornode. After a
fow days, however, I found that this lower part had
likewise recovered its rovolving power. These several
facts show tht the power of movement is not immedi-
ately lostin the arrested portion of a re
and that after being temporarily lost it can be recovered.

Iving shoot;

When a shoot has remained for a considerable time
round & support, it permanently retains its spiral form
oven when the support is removed.

When a tall stick was placed 0 as to arrest the
lover and rigid internodes of the Ceropegia, at the
distance at first of 15 and then of 21 inches from the
centre of revolution, tho straight shoot slowly and
gradually slid up the stick, 50 us to become more and
more highly inclined, 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 stick and fell over to the opposite
side or point of the compass, and reassumed its
previous slight inclination. It now recommenced
in its usual conrse, so that after a semi-
Tevolution it again came into contact with the stick,
again slid up it, and again bounded from it and fell
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 surfice was supposed to creep romni

Darwin Online: By permission of the Trustees of the Natural History
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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 being
placed to the south of the shoot and'in contact with
it, ns soon as the cirenlatory growth reached the
vestern surface, no effect would be produced, it that
the shoot would be pressed firmly against the stick.
But as soon as growth on the southern surfuce began,
the shoot would be slowly dragged with a sliding moves
ment up the stick; and then, s soon as the eastemn
growth commenced, the shoot would be drawn from the
stick, and its weight coinciding with the effects of the
changed surface of growth, would cause 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
surfuces contracted ; butin which, s wenow 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 T believe,
a fact observed by Mohl (p. 135), namely, that a
ing shoot, though it will twine round an object
as o thread, cannot do so round & thick support.
1 placed some long revalying shoots of a Wistaria
close to a post between 5 and 6 inches in dimeter,
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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ot wind round it. This apparently was due to the
flexure of the shoot, whilst winding round an object
50 gently curved as this post, not being suflicient to
hold the shoot to its place when the growing surface
crept round to the opposite surface 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
rises 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 Sollya Drummondii, will turn abruptly back-
wards and wind up on themselves, The greater
number of the depending shoots, however, of one
twining plant, the Hibibertia dentata, showed but little
tendency to turn upwards. In other cases, as with the

grandiflora, several intemodes which were
at first flexible and revolved, if they did not succeed in
tining round a support, become quite rigid, and sup-
porting themselves upright, carried on their summits
the younger revolving internodes.

Here will be o convenient place to give a Table
showing the direction and rate of movement of several
twining plants, with a fow appended remarks. These
plants are arranged according to Lindley's  Vegetable
Kingdom” of 1858 ; and they have been selected from

Darwin Online: By permission of the Trustees of the Natural History
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2 TWINING PLANTS. Omr. 1.

all parts of the serics 5o as to show that all kinds
behave in  nearly uniform manner.®
The Rate of Revolution of various Twining Plants.
(Acorvimpoxs)
Lygodinm seandens (Polypodiaces) moves against the sun.

Juno 18, 1st circle was madein . 6 0
6 15 (ate in evening)

LB L, e
w1080, . . . 582 (very hotday)
LAt s . 5 O (veryhotday)
» 0,50, , . .60

Lygodivm articulatum moves against the sun.

July 19, 1st irclo was mad in . 16 30 (shoot very young)
» 20,2 L1500

s a0 e
LB, . . 1080
(MONOCOTYLEDONS.)

Ruscus androgynus (Lilince), placed in the hot-house, moves
against tho sun.

May 24, 1st circlo was made in .6 14 (shoot very young)
w Byad , . o . 20
w BB L, . . 887
W BAth o, . w32
» W50, . a 250
. ;e , o, . . 803
MU » s ow - AL

Lo ok unldAml to Dr. of climbing plants. Profossor Asa
Hooker for ba o many  Gray, Prof. Oliver,and Dr. Hooker
Bts from Kows and 1o Ms. lave affrded. ey a8 om sy
Neiteh,of the Royol Exotic Nur. provious occations, much infor=
scry, for having generously given  mation and many Teferouces.
o collection of fino specimens
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Qosocorzons continued.)

Asparagus species from Kew) (Liliacew) moves
‘against the sun, led in hothouse.
Dee. m,htc.mummnduim .50
» T0d . . ow )

Tumus communis (Dioscoreacer). A young shoot from a
tuber n & pot placad in the greenhonso : follows tho sun.

July, 7, Lo cirlo was uad i . . 3 10
w Tnd B s
3 ow 35
P .. 256
T |
w 86th L .28
Lapapeo rea (Phlaincus, a gresnbonas, ol o .
March 9, 1st circlo was made in . . 26 15 (shoot young)
» 10, memicirclo ,, .. 81
» ISudeile , . . .10
o 138d o, o, . 1580
w134t F i SR T

» 16,0t 8 40 when placed in
ol Hothouse; but fhe next day tho shoot remained
tionary.

Rexburghia vividiflora (Roxburghiacer) moves against the
sun; it completed a cirele in about 24 hours.
(D1coTSLEDONS.)
Humulus Lupulus (Urticaces) follows the sun. The plant
‘kopt in a room during warm weather.

o0 1o 19 0 = 5
rowEBo

April. 9,2 circles wero made in . .
Aug. 13, Bed circlo was
w Mt o,

w Mo,
1 »
» 1,7,

i
g s
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26 TWINING PLANTS. Cuar. L

(DrcoryLEpos, contined.)
With the Hop a semicircle was performed, in travelling
from tho light, in 1 hr. 33 m.; in travelling o the light, in
1hr. 13 m., o{nh.wll-
Aicbia quinata (Lardizabalacen), placed in hothouse, moves
against the sun.

March 17, Ist circlo was made in . . 4 0 (shoot young)
» 18 nomoow . .140
»o188d, , , . .180
» W L, L. 14

iced in hothonse,

Stauntonia latiflia. (Laxdizabalacce), Pl
moves against the san.

March 98, 1st circlo was mado i, . 8
.8

)

w 2, PR 45
Spbermoms rsratns (iantrtes) S LR
August 5th, Ist circlo was mado in about , . 3¢ 0
. Gth, 2ud circlo was madoin . . . .18 8
Stephania rotunda (Menispermace) moves against the sun.

May 27, Ist cirelo was madodn . . . B 5

" d , L, & . ST E

Jun o5 1515

” . e AR

Thryalls brachystachys (Malpighisoen) moves against
one shootmad s rle 13 he. and Amcthe 10 b 80
but the next day, which was mm:h colder, the first shoot took
10 hrs. to perform only a semicirele.

Hilertia dentata (Dilleninces), placed in the hothouse, fol-
Jowod tho un,and made Qlay 1614)a circlin b 305 o
o 1914, revred s s, s v ARSI
madea .; on tho 20th, moved against the sun ane-
Third fa izl s e sl tho 26th, followed.the
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Cuar, 1. TWINING PLANTS, 27

(D1cOTYLEDONS, continued.)
sun for two-thinds of a eircle, and then returned to its starting-
‘point, taking for this doublo course 11 hrs. 46

Solya Drummondii (Pittosporacen) moves against the sun;
B fn poigue. v

April 4, 1st circle was made in .
PGS AR s D(voryco]d any)
P
Bl - - . o %

Polygonum dumetorum (Polygonncem). This easo s taken
from Dutrochet (p. 299), as 1 observed, no allied plant: follows
the sun. Three shoots, cut off a plant, and placed in water,
‘made cireles in 3 hrs. 10 m, 5 hrs. 20 m, and 7 hrs. 15 m.

Widaia Chivensis. (Loguminoss), i gresabous, movcs
against the su

May 18, st circle was madein . . .3 5
» B2a , , , .. .32
» 168d , L, , .. .35
O LT R
W B L L, .. 287

V. .28

» B,6th

the sun,

May, 1t circlo was madin . . . .3 0
p 2d o, o, o, ... .15
w 8o, L, L, L . 185
Dipladenia urophyila (Apoeynaces) moves agnst tho sun.
Apil 18, Tt circlo was madon . . . § 0
» 19, woom o e e 2918
S R £
Dipladenia erassinoda moves against the sun,
May 16, 1st circlo was made in . . . § 5
July0,2d ,, . , .. .80
T e T
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(DicorvuzpoNs, continted)
Ceropegia Gardnerii (Aselepiadaces) moves against the sun. -

Shoot very young, 2 inches
o vt 1 BB 1t cirlo was porformed in

3 75
Shootstillyoung . . . Bd . w o TO
Lovgshoot . . . . wom o ow w68
Longshoot . « . + . 4k . u w w OB

ghoot . . ... Bth 4 w om ow 64

Stephandtis floritunda (Asclepiadacew) moves agninst the sun
and made a eircle in 6 hs. 40 ., & second circlo in about 9 hrs.
Hoya carnesa (Asclepindaceie) mado soveral eircles i from
16 hrs. to 22 hrs. or 24 hrs.
Ipomas purpurea, (Convolvulacem) moves against the sun.
Plant placed in room with lateral light.
(Somicircle, from the light in
Istcirclo was made in 2hrs. 42m. 1 hr. 14 m., o the light
28m.: difference Lm.
(Samicirclo, from_the light in
9nd circlo was made in 2 hrs. 47m.] 1 hr. 17m,, to the light 1 hr.
30 m.: difference 13 m.
Ipomera juennda (Convolvulacess) moves against the sun, placed
in my study, with windows facing the north-cast. Weather hot.
- (Semicircle, from the light in
1t circlo was mado in 5 hrs. 30 m‘ 4 hrs. 30, to the light 1 .

difference 3 hrs. 30m.
20 cieclo was mado in 5 hrs ‘
0m.

Saanicirle, from the light in
(late in. aftemmoan: | gy 5om, totho lig L
g bt L.

6 hrs. 40m. | g0

,-.u.)

Wo hiave hero a remarkable instance of the power of light in
rotarding and hastoning tho xevolving movement.

Convelius sepiven (arge-fowered_enltivated var) moves
against the sun. Two eircles, wero made each in 1 br. 42 m.*
difforenco in semicircle from and to the light 14 m.
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(DICOTYLEDON, continued.)
Riwea.tiliafulia_(Convolvulacem) moves ngainst the sun;
mado fonr revolutions in 9 hrs.; so that, on an average, cach
was performed in 2 hrs. 15 1.
Plumbago rowa (Plumbaginaces) follows the sun. The shoot
did mot begin to revolvo until nearly a yand in height; it then
wmado & fine circlo in 10 Tirs. 45 . During tho next

s i
continued o move, but irregularly. On August 15th the shoot
followed, during a period of 10 hrs. 40m, n lon deeply

zigmg courso and then made a broad cllipse. The figurs
apparently represcnted. three ellipses, cach of which averaged
8hrs. 33 m. for its completion.

Tasmis iflorun, Bentham (Tasmi +
thosun, A cirelo was mado in 7 hrs. 15 m, aud a sccond rather
‘more quickly.

Clerudendrum Thomsonis (Verbenacess) follows the sun.

April 19, 1st cirele was made in . 5 45 (shoot very young)

(@irectly after the
» 18 asemicirle , . 5 0 plant was sh
an being moved)
w 19,8dcivlo . . .
w Wdth o, o, , .4

Tecoma jasmi

ides (Bignoniaces) moves against the sun.
March 17, Ist circlo was made in . 6 30
19, S

w o .10
w W, o, . 880 (vay cold day)
» Wsh , o, o, . 045

“Chunbergia alata (Acanthacew) moves against sun.
April 1, Tst circlo was mado in . 3 20

T T 1

» B3, o, , .25

» 184h , , , . 8055 (atein afternoon)
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(DicoryLEDoNS, continuod)

(dhadota eydonafolia (Auntlu_) h“o'l the sun. A young
l.hml ‘made & semicircle in bsequently it mnd- a
cirele in bet'mlohm.ud‘! hl\ Annlhm' ‘shoot, however,
‘made a circle in 26 hrs. 30 m.

Mikania soandens (Composite) moves against the sun.
March 14, Ist circlo was made in B w

T
» 14tk
Apil T5h . .

e
88oo

This circlo was mado
aftor  copions water-
s B e 2 g i coldvaterat

Comirstur ariesn (Corstase) more against tho sun.
Kopt in hotho
Buly in momning, vhen
Jun. 24, Ist circlo was made in 2 55! th temperature of the
i house had fallen a little.
. 24,2 circles cach at an
e
25, 4th circle was made in 2 25

Combretum purpureun. revolves not quito 50 quickly as C-
argenteun.

Loass aurantiaca (Loasacew). Revolutions variable i their
course: . plant which moved against the sun.

June 20, 1st circlo was madoin . . . 287
b 20, 2d e
» W8, el D
W tLdth , s e e o288
w BEh o, s e 880
» B0th % e e e atiEE
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81
(DICOTYLEDONS, continued)

Auother plant which followed the sun in its revolutions,
July 11, Ist circlo was made in . . . 151

mimie, . . .. .14

Ly L it e ek
w11, 4th » om .. o148

» 1250, . . .28

June 13, 1st circlo was madoin. . . 145
T T R
T R )
S I
PR S0l o 38

Bt ot Loonte

(unnamed sp.) (Cinchonaces) follows

May 25, semicirele was made in . 10 27 {(“""“‘ extromely

» %,Bteirlo , . 10 15 (shoot still young)
80,md , , , . 85
Jime e . o1
T e

Taken from  tho

w 88h o, o, . T | hothous, and

w 96t , , , . 836) placedinaroom

in my house.

Manettia bicclor (Cinchonacess), young plant, follows the sun.

July 7, It circlo vasmadein . . . 618
P S T
» 98, oo 680

Liniore brchyrods Ouilineon)fllowsth iz, ot 2
varm room in.

Apei, Istcirelo was mado i . 910 (abont)
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Apeil 20d circlo was made in um{"w
o, . L TH

» B, a8

Arisclochi
July 22, Istcirolo was madoin . & 0 (rather,
- 2L

WU, L L . B 0 (o)

Tn the foregoing Table, which includes twin
plants belonging to widely different orders, we.
that the rate at which growth travels or cireu
round the axis (on which the revolving
depends), differs much. As long us u plant.
under the same conditions, the rate is often remarks
uniform, as with the Hop, Mikania, Plaseolus, &
Seyphanthus made one revolution in 1 hr. 17 m, 8

horeafter seo o tendril-bearing e
more rapidly. A shoot of the Akebia quinatan
revolution in 1 hr. 30 m., and three revolutions
average Tate of 1 hr. 38 m.; a cnnmlvnlmmd-
revolutions at the average of 1 hr. 42 m., and P

other hand, some plants take 24 hrs. for a
rovolution, and the Adhadofa sometimes teq
48 hrs.; yet this latter plant is an efficient ty
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Species of the sume genus move at different rates.
The rate does not scem governed by the thickness of
the shoots : those of the Sallya are us thin and flesible
4 string, but move more slowly than the thick and
floshy shoots of the Ruseus, 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 very
young, do not 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 mumber of twiners revolve in a course
apposed to that of the sun, or to the hands of a wateh,

than in the reversed course, and, consequently, the
‘majority, as is well known, ascend their supports from
left to right. Oceasionally, though rarely, plants of
the same order twine in opposite dircctions, of which
Mohl (p. 125) gives  case in the Leguminose, and we
have in the table another in the Acanthacew. T have
seen o instunce of two species of the same genus
twining in opposite directions, and such cases must bo
mare; bt Fritz Miller * states that although Mikania

* Jourmal of the Linn. Sor. fnteresting paper, in it be
o)l . 4, Tl et or "é"....
liave oucasion often 1o quote this  ments made by

n
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54 TWINING PLANTS. Omar. L

scandens twines, as T have deseribed, from left to right,
another species in South Brazil twines in an opposite

direetion. 1t would have been an anomalous circums.
stance if no such cases had occurred, for different
individuals of the same species, namely, of Solanum
duleamara, (Dutrochet, tom. xix. p. 299), revolve and.
twine in two direetions : this plant, however, is a most
focble twiner. Loasa aurantiaca (éon, p. 351) offers
a much more curious case: I raised seventeen plants:
of these cight revolved in opposition to the sun and,
ascended from left to right; five followed the sun and
ascended from right to left; and four revolved and
twined first in one direction, 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 Scyphanthus dlegans,
habitually twines in this same mauner. I mised
many plants of if, and the stems of all took ene
turn, or occasionally two or even three tums in

one direct

on, and then, ascending for o short space
and took one or two
. The reversal of
the curvature occurred at any point in the stem,
n in the middle of an intemode. Had I mot
soen this case, T should have thought its o

straight, reversed their conrs

tumns in an opposite direc

urrence
1 raised nino plants of the of these also reverss their spiro
ybid Loasa Horberti, sod six in ascending o 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
could be pulled away easily from its support, with but
little unwinding; nor could it have adhered at all,
had not the internodes soon become moderately rigid.
With leatelimbers, as we shall soon sce, analogons
cases frequently oceur ; but these present no diffieulty,
as the stem is secured by the clusping petioles.

In the many other revolving and twining plants
observed by me, I never but twice saw the movement
reversed ; once, and only for  short space, in Tpoma
Jjuewnda; ut frequently with Hibbertia. dentata. This
plant at first perplexed me much, for T continually
observed its long and flexible shoots, evidently well
fitted for twining, make o whole, or half, or quarter
cirelo in one direction and then in an opposite
direction; consequently, when I placed the shoots
near thin or thick sticks, or perpendicularly stretc
string, they seemed s if constantly trying to uscend,
but always failed. 1 then surrounded the plant with
mass of branched twigs; the shoots ascended, and
pussed through them, but several came out laterally, and
their depending extremities seldom tumed upwards as
is usual with twining plants. Finally, I surrounded
u second plant with many thin upright sticks, and
placed it near the first one with twigs; and now
both had got what they liked, for they twined up
the paralle] sticks, sometimes winding round one and
sometimes round several; and the shoots travelled

hed

»2
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laterally from one to the ofher 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 Tight;* so that the more potent or persistent
movement of revolution must have been in opposition
to the course of the sun. Tt would appear that this
Hibertia is adapted both to ascend by twining, and to
ramble laterally through the thick Australian scrub.

T 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
respeet they differ much from the more highly organ-

«d tendril-bearers. The Solanwm duleamara, as 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

crent thicknesses. Our English twiners, as far as
twine round trees, excepting the
honeysuckle (Lonicera periclymenum), which T haye

inches in diameter. Mohl (p. 134) found that the
Phaseolus mudéiflorus snd Ipomera purpurea could not,

another gonus, namely
gk o B
Fritz
Miller_says s i ) it
twines rently  occurs with Loasa.

o 14 1 ight o o iht 0

:
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when placed in a room with the light entering on one
side, twine Tound sticks between 3 and 4 inches in
iameter; for this interfered, in a manner presently
to bo explained, with the revolving movement. Tn the
open nir, however, the Phaseolus twined romnd a
support of the above thickness, but failed in twining
round one 9 inches in diameter. Nevertheless, some

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
ascended acolumn 9 inches in diameter ; and although
a Wistaria grown by me in o small pot tried in vain
for weeks o get round a post between 5 and 6 inches
in thickness, yet at Kew a plant ascended a trunk
above 6 inches in diameter. The tropical twiners, on
the other hand, can ascend thicker trees ; I hear from
Drs. Thomson and Hooker that this is the case with
the Butea parvilora, one of the Menispermacew, and
with some Dalbergias and other Leguminos.* This
power would be necessary for any species which had
t0 ascend by twining the large trees of a tropical forest ;
othervise 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

* Fritz Miller states (ibid. p. ispermacem. Ho adds in bis
‘349) thathe saw om one occasion i letter to mo that most of the
tho forests of South Brazil trunk  climbing plants  which thero.
o e ot A Srmberses tmed ki, aro rc-
spinally wcondod by a plant, climbers; some being tendil.
oty b o e M. v,
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38 TWINING PLANTS. Cuar. 1.

they were enabled to twine round trunks of trees, for
they could not grow tall enough in 4 single season fo
reach the summit and gain the light.

By what means certain twining plants are adapted to
ascend only thin stems, whilst others can twine round
thicker ones, T do not know. It appeared to me
probable that twining plants with very long revolving
shoots would e able to aseend 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 moye-
ment merely aid them in finding a distant stem
round which to twine. The Spherostenma marmora-
tum is a vigorous tropical twiners and as it is u very
slow revolver, T thought that this latter cirenmstance
might help it in ascending a thick support; but though
it was able to wind round a G-inch post, it could do
this only on the sume level or plane, und 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 to show that
twining ferns do not differ in their habits from other
twining plants. Tn Lygodium artioulatum the two,
internodes of the stem (properly the rachis) which
are first formed above the root-stock do not mov
the third from the ground revolves, but at first very
slowly. This species is a slow revolver: but L
scandens made five revolutions, each at the average
rate of 5hrs. 45 m.; and this represents fairly well the
usual mate, taking quick and slow movers, amongst
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phanerogamic plants. The rato was accclerated by
increased temperature. At each stage of growth only
the two upper intemodes 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 intemodes nor
the petioles are irritable when rubbed. The movement
s in the usual direction, namely, in opposition to the
course of the sun; and when the stem twines round a
thin stick, it becomes twisted on its own axis in the same
dircetion. After the young internodes have twined
round a stick, their continued growth causes them to
slip & little upwards. If the stick be soon removed,
they straighten themselves, and recommence revolving.
The extremities of the depending shoots turn upwards,
and twine on themselyes. In all these respects we
have complete identity with twining phanerogamic
plants; and the above enumeration may serve as o
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 luboriously
shown by Palm. But the movement of each separate
internode is so independent of the others, that cutting
off an upper one does not affect the revolutions of a
lower one.  When, however, Dutrochet cut off two
‘whole shoots of the Hop, and placed them in water, the
movement was greatly retarded; for one revolved in
20 hrs. 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, cut off and placed in
water, were similarly retarded, but in o less degree.
1 have repeatedly observed that carrying & plant from
the greenhouse to my room, or from one part to
another of the greenhouse, always stopped the move-
ment for a time; hence T conclude that plants in @
state of nature and growing in exposed situations,
would ot make their revolutions during very stormy
weather. A decrease in temperature always caused
considerable retardation in the rate of revolution; but
Dutrochet (tom. xvii. pp. 994, 996) has given such
precise observations on this head with respeet 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 a remarkable power
(a5 was likewise observed by Dutrochet, p. 998, with
the pea) on the revolying movement, but this differs
in degree with different plants ; thus Tponaea. jucunda
made o complete circle in 5 hrs. 50 m.; the sémi-
t taking . 500, and st
towards the light only 1 hr. Lonicera brachypoda s
revolved, in a reversed direction to the Tpomaa, in

8 hrs.; the semicircle from the light taking 5 hrs. 23m.,

and that to the light only 2 hrs, 37 m. From the

rato of revolution in all the plants obsorved by me,

being nearly the same during the night and the

day, T infer that the action of the light is confined to

retarding one semicircle and accelorating the ofher,

50 as not to modify greatly the rate of the whole

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

I will conclude my account of twining plants by
giving a few miscellaneous and curious cases. With
most twining plants all the branches, how
there may be, go on revolving together; but, ac-
cording to Mohl (p. 4), only the lateral branches of
Tumus 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 that the
plant was not growing vigorously. My plants of
Combretum argenteun and C. purpurewn. made nume-
rous short hiealthy shoots ; but they showed no signs
of revolving, and I could mot conceive how these
plants could be climbers; but at last C. argenteun put
forth from the lower part of one of its main branches
a thin shoot, 5 or 6 fect 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 Graca
(Palm, p. 43) the uppermost shoots alone twine.
Polygamun convoloulus twines only during the middle
of the summer (Palm, p. 43, 94); and plasits growing

vigorously in the antumn show no inclination to
climb. The majority of Aselepiadacew are twiners ;

er many
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but. Acclepias nigra only “in fortiliori solo incipit
scandere subvolubili canle ” (Willdenow, quoted and
confirmed by Palm, p. 41).  Asclepias vincetozicum does
not regularly twine, but oceasionally does so (Palm,
- 42; Mohl, p. 112) when growing under certain
conditions. o it is with two species of Ceropegia, 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 fow taller
specimens showing some inclination to curve; but
when cultivated near Dublin, they regularly twined
up sticks 5 or 6 feet in height. Most Convolvulace
are excellent twiners; but in South Africa Tpomea
argyroides almost always grows ercet and compac,
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
raised near Dublin twined up sticks above 8 feet in
height. These facts are remarkable; for there can

hardly be o doubt that in the dryer provinees of
South Africa these plants have propagated themselves
for thousands of generations in an erect condition
they have retained during this whole period.
the inate power of spontancously revolving nd
whenever their shoots become clongated.
under proper conditions of life, Most of the species
of Phaseolus are twiners 3 but certain varieties of the
P. mutiflorus produce (Léon, p. 681) two kinds of
shoots, some upright and thick, and others thin snd
twining. 1 have scen striking instances of this curions
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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
o thicket merely serambles up between the branches
-without twining; but when, according to Dutrochet
(tom. xix. p. 299), it grows near a thin and flexible
support, such as the stem of & nettle, it twines round
it. I placed sticks round several plants, and vertically
stretehed strings close 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 horti-
cultural works as twining plants, but they scem to
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, a member of &
fumily 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
ost, 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 root-climber; for the young internodes
of Bignonia. Tweedyana 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 species, s they would then ascend
their supports in & more direct line.*

* it Mollr s publishod - linbing lnts n Bk Zitmg
some interesting facts and. vie o1, 65, g

6, pp-
athe Srusage of the wand of
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CHAPTER I1.

Lear-Crnmens,

Fhat i inb by th id o spmaasonly wching
e

ey
"%t e produead midbe Goioa~ Flogltvin
Nepenthes—Summary on lenf-climbers.

WE now come to our second cluss of climbing plants,
namely, those which ascend by the aid of irritable or
sensitive organs. For convenience’ sake the plants
in thisclass have been gronped under two sub-dlivisions,
namely, leaf-climbers, or those which retain thei
leaves in a functional condition, and tendril-bearers.
But these sub-divisions graduate into each other, s
we shall see under Corydalis und the Gloriosa 1
Tt has long been observed that several plants cl
by the aid of their leaves, either by their petioles (foot-
stalks) or by their produced midribs; but beyond this
simple fact they have not been described.  Palm and
Mohl class these plants with those which bear tendrils;
but as a leaf is generally a defined object, the present
classifieation, though artificial, has at least some advan-
'-gee« Leaf-climbers are, moreover, intermediate in
y respects between twiners and tendril-bearers.
i:ngm species of Clematis and seven of Tropwolum were

b
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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.
Cuemaris—C. glandulosa—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
turns in an opposite direction, This was rendered
possible by the straight piece between the opposed
spires having become rigid. The simple, broad, ovate
Teaves of this tropical species, with their short thick
petioles, seem but ill-fitted for any movement; and
whilst twining up a vertical stick, no use is made of
them, Nevertheless, if the footstalk of & young leaf
be rubbed with a thin twig a few times on any side,
it will in the course of a few hours bend to that sides
afterwards becoming straight again. The under side
seemed to be the most sensitive ; but the sensitiveness
or imitability is slight compared to that which we
shall meet some of the following species ; thus,
a loop of string, weighing 164 grain (1062 mg.)
and hanging for some days on a young footstalk,
produced a scarcely perceptible effect. A sketch is
here given of two young leayes 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
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footstallk caused 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 having

boen removed, the leaf slowly recovered its former

position.
i

and g y chan,

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

Fig 1.
Clomatsglandin.

angles o 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 interodes. 1f this does not happen, they
retain their hooked shape for a considerable time, and
then bending upwards reassume their original uptumed
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position, which s preserved ever afterwards,
petioles which have clasped any object soon
much thickened and strengthened, as may be seen
in the drawing.

lematis montana.—The long, thin petioles of the
leaves, whilst young, are sensitive, and when lightly
rubbed bend to the rubbed side, subsequently becom-
ing straight. They are far more sensitive than the
petioles of C. glandulosa ; for a loop of thread weighing
a quarter of a grain (162 mg.) caused them to bend;
& loop weighing only one-cighth of a grain (81 mg.)
sometimes acted and sometimes did not act. The
sensitiveness extends from the blade of the leaf to
the stem. T may here state that I ascertained in
all cases the weights of the string and thread used
by carefully hing 50 inches in a chemical balance,
cutting off measured lengths. The main
petiole cas three leaflets; but their short, sub-
petioles are not sensitive. A young, inclined shoot
(the plant being in the greenhouse) made a large
cirele 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 began, being excited by the contact,
to slowly wind round the stick. When the stick was
thin, a petiole sometimes wound twice round it.
The opposite leaf was in no way affected. The atti-
tude assumed by the stem after the petiole had

and then
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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 vill be made under C. calycina.

Clematis Sicholdi—A. shoot made three revolutions
against the sun at an average rate of 8 hrs. 11 m. The
power of twining is like that of the last species. Its
leaves are nearly similar in structure and in function,
excopting that the sub-petioles of tho lateral and
terminal leaflets are sensitive. A loop of thread,
weighing one-eighth of a grain, scted on the maiu
petiole, but not until two or three days had elapsed.
The leaves have the remarkable habit of spon-
taneausly revolving, generally in vertical ellipses, in
the sume. manner, but in a less degree, as will be
described under O, microplylla.

Clomatis ealyeina—The young shoots are thin and
flexible: ane revolved, deseribing a broad oval, in
5 hirs. 30 m., and another in 6 hrs. 12 m. They followed
the course of the sun; but the course, if abserved long
enough, would probably be fonnd to vary in this s
a8 well as in all the others of the genus. Tt is a rather
better twiner than the two last species : the stem
times made two spiral turns round a thin stick,
from twigs; it then ran straight up for o space, and
Teversing its course took one or two tumns in an
opposite direction. This reversal of the spire occurred
inall the foregoing species. The leaves are so small
compared with those of most of the other species, that
the petioles at first seem ill-adapted for clasping.

E
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Nevertheless, the main service of the revolving move-
ment is to bring them into® contact with surrounding
jects, which are slowly but securely seized. The
young petioles, which alone are sensitive, have their
15 bowed a little downwards, so as to be in a slight
degree hooked ; nltimately the whole leaf, if it catehes
nothing, becomes level. T gently rubbed with a thin
twig the lower surfices of two young petioles and in
irs. 30 m. they were slightly curved downwards; in
5 hrs, after being rabbed, the end of one was bent
back, parallel o the basal portion ; in 4hrs.
subsequently it became nearly straight again. To
show how sensitive the young petioles are, T may
on that I just touched the under sides of two

comple

ment

with a little water-colour, which when dry formed

t the plant is young, each leaf consists of three
divided leaflots, which barely have distinet petioles,
and these are not sensitive; 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 to 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 u less strongly marked:
manner, and will here be deseribed once for all. The
clasped petiole in the course of two or three days
swells greatly, and ultimately becomes nearly twice a8
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thick as the opposite one which has clasped nothing.
When thin transverse slices of the two are placed
under the microscope 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 surfaco generally
Tocomes bright red. But a far greater change takes
place in the nature of the tissues than that which is
visible: the petiole of the unclasped leaf is flexible
and can be snapped easily, whereas the clasped one
acquires an_ extraordinary degree of toughness and
rigidity, so that considerable force is required to pull
it into pieces. With this change, great durability is
probably acquired ; at least this is the case with the
clasped petioles of Clematis vitalba. The meaning of
these changes is obyious, namely, that the petioles may
firmly and durably support the stem.

Clematis microphylla, var. leptophylla—The long
and thin internodes of this Australian species revolve
sometimes in one direction and sometimes in an op-
posite one, describing long, narrow, irregular ellipses
or large cireles. Four revolutions were completed
vithin five minutes of the same average mte of
Lhr. 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

2

B
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with the basal portions of their petioles. The lea
whilst young are nearly of the same shape as
of C. viticella, and act in the same mamer like a
as will be deseribod under that species.  But the leaflets
are more divided, and each. segment whilst young.
torminates in a hardish point, which is much curved
downwards and inwards : so that the whole leaf readily
catehes hold of any neighbouring object. The petioles
of the young terminal leaflets aro acted on by loops
of thread weighing 3th and even ;th of a grin.
The basal portion of the main petiole is much
loss sensitive, but will clasp a stick against which it
presses.

Theleaves, whilst young, are continually and sponta-
neously moving slowly. A bell-glass was placed over
wshoot secured to a stick, and the movements of the
leaves wero traced on it during several duys. A very
irregular 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

ipses, the most perfect one of which was completed

The two opposite leaves moved
of each other. This movement of the.
Teaves would aid that of the internodes in bringing
the petioles into contact with surrounding. objects:

1 discovered this movement too late to be enabled o
observe it in the other species; but from analogy I
can hardly doubt that the leaves of at least 0. viticella,
. flammula, and C. vitalba move spontancously ; and,
judging from O Sicbold, this probably is the case with 4
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. montana and C. calycina. T ascertained that the
simplo leaves of C. glandulosa exhibited 1o sponta-
neous revolving movement.

Clematis vitieella, var. venosa.—Tn. this and the two
following species the power of spirally twining is
complotely lost, and this seems due to the lessened
flexibility of the internodes and to the interference
caused by the largo size of the leaves, But the re-
volying 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 dircction of the light, at an average rate 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
bearing a pair of not expanded leaves, was only 43
inches, and that by the apex of the penultimat
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
the leaves themselves move spontancously, The move-
ment of the whole shoot by the wind and by its rapid
growth, would probably be almost equally efficient as
these spontancous movements, in bringing the petioles
into contact with surrounding objects.

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

Fig.2.
A o e of lematis sl

readily become entangled with surrounding objects.
It they eateh nothing, the wholo petiole ultimately
grows straight. The main petiole, the sub-petioles,
and the three branches into which each basi-lateral
sub-petiolo is generally subdivided, are all sensitive.
The basal portion of th main petiole, between the:
stem and the first pair of leaflets, is less sensitive
than the remainder; it will, however, clasp a stick
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with which it is left in contact. The inferior surfuce
of the rectangularly bent terminal portion (carrying
tho 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, 1
gently placed loops of string of the same 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 hours the latter was bent, but after
24 hrs. no effeet was produced on the other sub-petioles.
Again, a terminal sub-petiole placed in contact with a
thin stick became sensibly curved in 45m., and in
1hr. 10m. moved through ninety degrees; whilst
a lateral sub-petiole did not become sensibly curved
until 8hrs. 30m. bhad elapsed. In all cases, if the
sticks are taken away, the petioles continuo to move
during many hours afterwards; so they do after u
slight rubbing ; but they become straight again, after
about a day's interval, that is if the flexur has not
been very great or long continued.

The graduated difference in the extension of the
sonsitiveness in the petioles of the above-described
species deserves notice. In C. montana it is confined
t the main petiole, and has not spread to the sub-
potioles of the threo leaflots ; so it is with young plants
of C. calyeina, but in older plants it spreads to the
three sul-petioles. In C. viticella the sensitiveness has
spread to the petioles of the seven leaflets, and to the
subllivisions of the basi-lateral sub-petioles. But in
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this latter species it has diminished in the basal part
of the main petiole, in which alone it resided in €,
montana; whilst it has increased in the abruptly bent
terminal portion.

Clomatis flanmula.—The rather thick, straight, and
Stiff shoots, whilst growing vigorously in the spring,
make small oval revolutions, following the sun in their
urse.  Four were made at an average ate of 3hrs,
45m. The longer axis of the oval, described by the
extreme tip, was dirccted 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 u very short distance. The
shoots of the same plant observed in midsummer,
when growing not so quickly, did not revolve at all.
T cut down another plant in the early summer, so that
by August Ist it had formed new and moderately
vigorous shoots; these, when observed under u belle
gluss, were on some days quite stationary, and on
other days moved to and fro only about the eighth of
aninch. Consequently the revolving power is much
enfecbled in ¢ s, and under unfavourable cir-
cumstances is completely lost, The shoot must depend:
for coming into contact with surrounding objects on the
probable, though not ascertained spontaneous moves
ment of the leaves, on rapid growth, and on movement
from the wind, Hence, perhaps, it is that the petioles
have acquired a high degree of sensifivencss as  coms
pensation for the littlo power of movement in the shoots,

The petioles are bowed downwards, and have the.

spec
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same general hook-like form as in C. viticella. The
medial petiole and the lateral sub-petioles are sensitive,
especially the much bent terminal portion. As the
sensitiveness is hero greater than in any other species
of the genus observed by me, and is in itself remark-
able, T 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

i to o quarter of an inch in length (that is, about
one-sixth of ts full size), the sensitiveness is highest;
but at this period the petioles are relatively much
more fully developed than are the blades of the leaves.
Full-grown petioles aro not in the least sensitive. A
thin stick placed so as to press lightly against a
potiole, having a leaflot a quarter of an inch in length,
cansed the petiole to bend in 3 hrs. 15m.  In another
easo o petiolo curled completely round . stic
12hrs. These petioles were left curled for 24 hrs., and
the sticks wero then removed; but they never
straightencd themselyes. T took a twig, thinner than
the petiole itself, and with it lightly rubbed several
petioles four times up and down; these in 1hr, 45 m.
became slightly curled ; the curvature inereased 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 rabbed twice, that
s, 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 12hrs. and 14hrs. Lastly, a
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longth of about 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 quito 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
torminal sub-petiole : in 6 hrs. 40 m. a curvature conld.
boseen; in 24 hrs. the petiole formed an open ring round.
thestring; in 48 hrs. the ring had almost closed on the.
string, and in 72 hrs. scized it so firmly, that some
was necessary for its withdrawal. A loop weighing
520f a grain (337 mg.) cansed in 14 hrs. a lateral sub-
petiole just perceptibly to curve, and in 24 hrs. it
moved through ninety degrees. These observations wero
mado during the summer: the following were made
in the spring, when the petioles apparently are more
— A loop of thread, weighing one-cighth of a
1 mg.), produced no effect on the lateral sub-
petioles, but placed on a terminal one, caused i, after
24 hirs, to curve moderately ; the curvature, though the
loop remained suspended, was after 48 hrs. diminished,
but never dluppnmcd, shoving that the petile had
becomo
Thi) axperiaih i i n-lwnml with nearly the
samo sesult. Lastly, a Ioop of thread, weighing only
xteenth of a grain (+03 mg,
plm-ml by a foreeps on a terminal sub-petiole (u,,
plant being, of course, in a still and closed room), and
this weight certainly caused o flexure, which very
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slowly increased until the potiole moved throngh nearly
ninety degrees: beyond this it did not move; nor did
the potiole, the loop remaining suspended, over become
perfectly straight again.

When we consider, on the one hand, the thickness
aud siffness of the potioles, and, on the other hand,
the thinness and softness of fine cotton thread, and
what an extremely small weight onc-sixtoenth of a
grin (£05 mg.) i, theso facts are remarkable. But
I havo renson o beliove 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
tonched a petiolo, cansed it to bend, I took two
picces of thin twine, 10 inches in length (weighing
1:64 gr), and, tying them to a stick, let them hang as
nearly perpendicularly downwards as their thinness
and flexuous form, after being strotched, would per-
mit; I then quictly placed their ends so as just
to Test on two potioles, and theso certainly became
curved in 36 his. One of the ends touched the angle
between a terminal and lteral sub-petiole, and it was
in 48 hours canght between them as by a forceps, In
theso cases the pressure, though spread over a wider
surface than that touched by the cotton thread, must
have boen excossively slight.

Clematis vitalla.—The plants wero in pots and not
healthy, so that T dare not trust my observations, which
indicate much similarity in habits with O fammda. T
mention this species only because I have soen 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 o maple, and the
flower-peduncles of the quaking-grass or Briza. The
latter are about as thick as the hair of & man’s
beard, but they were completely surronnded and clasped,
The petioles of a leaf, so young that none of the leaflets
were expanded, had partially seized a twig. Those of
almost all the old leaves, even when unattached to any
object, are much convoluted ; but this is owing o their
i 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 O, vitalba drop
off; but the petioles (as was observed by Mohl)
in attached to the branches, sometimes during
two seasons; and, being convoluted, they curiously
resemble true tendrils, such as those possessed by
the allied genus Naravelia. The petioles which have
clasped some object become much more stiff, hard, and
polished than those which have failed in this their
proper function
Trorxon observed . tricolorum, T. azureum,
T. pentaphylium, T: peregrinum, T. clegans, T. tuberosum,
and a dwarf variety of, as T believe, 1 minus.
Tropwolum  tricolorum, var.  grandiflorum—The
flexible shoots, which first rise from the tubers, are

havi
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as thin as fine twine. One such shoot revalyed in a
course apposed to the sun, at an average rate, judgi
from threo revolutions, of 1hr. 23 m.; but 1o doubt
the direction of the revolving movement is variable.
When the plints have grown tall and are brnched,
all the many Iateral shoots revolve, The stem, whilst
young, twines regularly round a thin vertical stick,
and in one case I counted eight spiral tums in the
same 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
veversed direction, Until the plant grows to a height
of two o three feet, requiring about a month from the
time when the first shoot appears above ground, no
true leaves aro produced, but, in their place, flaments
coloured like thio stem. The extremitics of these
filaments are pointed, a little flattened, and furrowed
on the upper surface. They never become developed
into leaves. As the plant grows in height new fila-
ments aro produced with slightly enlarged tips; then
others, bearing on each side of the enlarged medial tip
« rudimentary segment of a leaf ; soon other segments
appear, and at last a perfect leaf is formed, with seven
decp segments. o that on the same plant we may sec
every step, from tendril-like clasping filaments to perfect
leaves with elasping petioles. After the plant has grown
toa considerable height, and is secured 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; 50 that they perform only a temporary service.
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These filaments or rdimentary leaves, as well ay
the petioles of the perfect leaves, whilst young, are
highly sensitive on all sides to a touch. The slightest
rub caused them to eurve 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-
selves. The most remarkable fact, and one which I have
observed in no other species of the genus, is that the
filaments and the petioles of the young leaves, if they
catch no object, after standing for some days in their
original position, spontancously and slowly oseillate &
little from side to side, and then move towanls the
stem and clasp it. They likewise often become, after
4 time, in some degree spirally contracted. They
therefore fully deserve to be called tendsils, as they
are used for climbing, are sensitive to a touch, move
spontaneously, and ultimately contract into a 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 it is o true leaf-climber.

Tropsolum asureum.—An upper internode made four
revolutions, following the sun, at an average it of
1hr 47m.  The stem twined spirally round u
support in the same irregular manner as that of the
last species. Rudimentary leaves or filaments do not
exist. The petioles of the young leaves are very
sensitive: a single light rub with a twig caused one
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to move percoptibly 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
Toop of hread weighing }th of  grain caused another
petiole to curve.

Tropaolum pentaphyllum.—This species has not the
powerof spirally twining, which seems due, not so much
to a want of flexibility in the stem, as to continual
interference from the clasping petioles. An nppe
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-
peolum manifestly is to bring the petioles into contact
with some supporting object. The petiole of & young
lea, aftera slight rub, beeame curved in 6m.; another,
o a cold day, in 20m, and others in from & m.
t0 10 m. Their curvature usually inereasod greatly in
from 15 m. to 20 m,, and they became straight again in
between 5 hrs. and 6 hrs,, but on one occasion in 3 hrs.
When a petiole has fairly clasped a stick, it s not able,
on the removal of the stick, to strighten itself. The
free upper part of one, the base of which had already
elasped astick,still retained the power of movement. A
Toop of thread weighing §th of a grain caused a petiole
to curvo;; but the stimulus was not suficient, the loop

suspended, to cause a permanent flexure. If
a much heavier loop be placed in the angle between
the petiole and the stem, it produces no effect ; whereas
wo have seen with Clematis monana that the anglo
between the stem and petiole is sensitive.

nter-
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of a young plant did not revolve, resembling
respect thoso of a twining plant. In an older
the four upper internodes made three irre
volutions, in a course opposed to the sun, at an ay
rate of 1hr. 48 min. It is remarkable that th
average rate of revolution (taken, however, but
fow observations) is very nearly the sume in
the two last species, namely, 1 hr. 47m., 1
and 1hr. 48 m. The present species cannot
spirally, which seems mainly due to the ri
of the stem. Inu very young plant, which did
revolve, the petioles were not sensitive. In old
plants the petioles of quite young leaves, and of le
s much as an inch and a quarter in diameter, an
sensitive. A moderate rub caused one to curve in
10 m., and others in 20 m. They became st
again in between 5 hrs, 45 m. and 8 hrs.
which have naturally come into contact with &
sometimes take two tuns round it. ~After they’
clasped a support, they become rigid and hard,
are less sensitive to u weight than in the
species; for loops of string weighing 82 of &
(5314 mg.), did not cause any curvature, but a
of double this weight (164 gr.) acted.
Tropwolum elegans.—1 did not make many
vations on this species. The short and stiff inte
revolve irregulurly, describing small oval
One oval was completed in 3 hrs. A young
when rubbed, became slightly curved in 17 m.; &
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afterwards much more so. Tt was nearly straight again
in 8 hrs.

Tropeolum tuberosum.—On a 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
detected only by being traced on a bell-glass placed
over the plant. Sometimes the shoots stood still for
hours; during some days they moved only in one
direction in a erooked Jine; 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

nches nsunder; yet ht movement brought the

petioles into contact with some closely surrounding
twigs, which were then elasped. With the lessened power
of spontaneously revolving, compared with that of the
previous species, the sensitivencss of the petioles is
also diminished. These, when rabbed a few times,
did not become curved until half an hour had clapsed ;
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 ouly 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.

Tropeeolum minus (?).—The internodes of a variety
named “dwarf crimson Nusturtium” did not revolve,
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but moved in a rather irregular course during the
day to the light, and from the light at night. Th
petioles, when well rubbed, showed no power of cury-
ing; nor could T see that they ever clasped uny
wbouring object. We have scen in this genus
a gradation from species such as 7. fricolorum, which
have extremely sensitive petioles, and internodes whidh
rapidly revolve and spirally twine up a support, o
other species such as 7. elegans and T. fuberosum, the
petioles of which are much less sensitive, and the in«
ternodes of which have very fecblo revolving powers
and cannot spirally twine round  support, to this last
species, which has entirely lost or never acquired these
faculties.  From the general character of the genus,
the loss of power seems the more probable alternatives
In the present species, in . elegans, and probably in
others, the flower-peduncle, as soon as the seed-capsule
begins to swell, spontancously bends abruptly down-
wards and becomes somewhat convoluted. If a stick
stands in the way, it is to a certain extent elasped; bty
as far as T have been able to observe, thi i
movement is independent of the stimulus from contact.
AxtmmNes—In this tribe (Lindley) of the
Serophularincew, at least four of the seven included
nera have leaf-climbing species.
Maurandia Barelayana.—A thin, slightly bowed
shoot made two revolutions, following the sun, each i
3 hrs. 17 min.; on the previous day this same shoot
revolyed in an opposite direction. The shoots do not
twine spiraliy, but climb excellently by the aid of
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their young and sensitive petioles. These petioles,
when lightly rubled, move after o considerable interval
of time, and subsequently becomo straight again. A
Toop of thread weighing Jth of a grain caused them to
bend.

Maurandia. semperflorens—This frecly ~growing
species climbs exaetly like the Tast, by the aid of its
sensi ctioles. A young intermode made two
circles, each in 1 hr. 46 min.; so that it moved almost
tice as mpidly us the last specics. The internodes
are not in the least sensitive to a touch or pre

‘mention this becauso they are sensitivein u closely
genns, namely, Lophospermum,  The pres
unique in one respect.  Mobl asserts (p.
flower-peduncles, as well as the petioles, wind like
tendrils;” but he classes as tendrils sueh objects
as the spiral flowerstalks of the Vallisneria. This
remark, and the fact of the flower-peduncles be
decidedly flexuous, led me  careful
them. They never act as true tendrils; 1 repeatedly
placed thin sticks in contact with young and old
peduncles, and I allowed nine vigorous plants to
grow throngh an entangled mass of branches; but
in o one instance did they bend round any object.
It is indeed in the highest degree improbable that
this should oceur, for they are generally developed on
branches which have already securely o
support by the petioles of their lea and when
bome on a free depending branch, they are not
produced by the terminal portion of the internode

sped
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which alone has the power of revolving; so that they
conld be brought only by aceident into contact with
any neighbouring object. Nevertheless (and this is
the remarkable fact) the fower-peduncles, whilst

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 1} inch in length was carefully observed
during & whole day, and it made four and a half
narrow, vertical, irregular, and short ellipses—each
at an average rate of about 2 hrs. 25 m. An ad-
joining peduncle deseribed during the same time
similar, though fewer, ellipses. As the plant had
occupied for some time exactly the same position,
these movements could not be attributed to any change
in the action of the light. Peduncles, old enongh for
the coloured petals to be just visible, do not move.
With respect toiritability,* T rubbed two youn
peduncles (1} ngth) a fow times very lightly
with a thin twig; one was rubbed on the upper, and
the other on the lower side, and they became in
between 4 hrs, and 5 hrs. distinetly bowed towands

* It appears from A. Kemer's  when they are rubbed or shaken:
iimwing St i Tl tzmittel dos Pollens.
Sower-peduncles of; wr 1875, p. 85,

bl e o
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these sides; in 24 hrs. subscquentl
themselves.  Next day they were
opposite sides, and they became percoptibl
fowards these sides. Two other and younger pe-
duncles (three-fourths of an inch in length) were
Tightly rubbod on their adjoining sides, and they be
came o much enrved towards one another, that the
arcs of the bows stood at nearly right angles to
previous direction ; and this was the greatest movement
soen by me. Subsequently they straightened them-
selves. Other peduncles, so young as to be only
three-tenths of an inch in length, became curved when
rubbed. On tho other hand, peduneles above 13 inch
in length required to be rubbed two or three times,
and then became only just perceptibly bowed. Loops
of thread suspended on the peduncles produced no
effoct ; loops of string, however, weighing ‘82 and 161
of & grain sometimes cansed a slight curvature; but
they were never closely clasped, as were the fur lighter
Loops of thread by the petioles.

Tn the nine vigorous plants observed by me, it is
certain that neither the slight spontancous movements
nor the slight sensitivencss of the flower-peduncles
aided the plants in climbing. If any member of the
Serophulurincew had possessed tendrils produced by
the modifieation of flower-peduncles, I shonld have
thought that this species of Maurandia had perhaps
retained a useless or rudimentary vestige of a former
habit ; but this view cannot be maintained. We may
suspect that, owing to the principle of correlation,

straightencd
d on the
curved

ir
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the power of movement has been transferred to the
flower-peduncles from the young internodes, and sensic
tiveness from the young petioles.  But to whatever
cause these capacities are due, the case is interest-
or, by u little increase in power through natural
clection, they might casily have been rendered a
useful to the plant in climbing, as are the flover.
peduncles (hereafter to be deseribed) of Vitis or
Cardiospermum,

Rhodochiton volubile—A. long flexible shoot swepta
large cirele, following the sun, in 5 hrs. 80 . ; and, as
the day became warmer, a second cirele was completed
in 4 hrs. 10 m. The shoots sometimes make a whole
or a half spire round a vertical stick, they then run
straight up for a space, and afterwards tum spirally in
te direction. The petioles of very young
full size, are highly
ive, and bend towards the side which is touched;
but they do not move qui One was perceptibly
curved in 1 hr. 10 m., after being lightly rabbed, and
siderably curved in 5 hrs. 40 m.; some
cely curved in 5 hrs. 50 m., but dis-

s0in 6 hrs. 30 m. A curvature was pereeptible
in one petiole in between 4 hrs. 30 m. and 5 lirs,
after the suspension of a little loop of string. A
Toop of fine cotton thread, weighing one sixteenth ofa
gmin (405 mg), not only caused a petiole slowly o
hend, 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

hecame

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



Cuar. It LOPHOSPERMUN, 7

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

Lophospermum  scandens, var. purpureum.— Some
long, moderately thin internodes made four revolu-
tions at an average rate of 3 hrs. 15 m. The course

ursied was very irregular, namely, an extremely
narrow ellipse, a large circle, an irregular spire or o
sigzng 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
increased considerably in thickness. But they are not
quite so sensitive to a weight us thoso of the Rhodochi-
ton, for loops of thread weighing one-eighth of a grain
did not always cause them to bend.

This plant presents a case not obsarved by me in
any other leaf-climber or twiner,® namely, that the
young internodes of the stem are sensitive to u
touch. When a petiole of this species clasps  stick,
it draws the base of the internode against it; and ther
the internode itself bends towards the stick, which
canght betwoen the stem and. the petiole as by a pair
of pincers. The internode aftervards straightens itself,
excepting the part in actual contact with the stick.
Young internodes alone are sensitive, and theso are
sensitive on all sides along their wholo length,  Imade

* Thaso alrendy referred to the  Vries (ibid. p. 922) s sensitive to
‘ease of the tyinug stem of Cuse a touch like a tendsil.
cuta, whih, accorling to H. do
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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. aftervards. 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 becume
straight again in the course of the succeeding night.
T rabbed 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 curvature was alvays
towards the rubbed side.

According to Palm (p. 63), the petioles of Zinaria
cirrlosa and, to a limited degree, those of I elatine
have the power of clasping a support.

SOLANACEX.—Solanum._jasminoides.—Some of the
species in this large genus are twiners ; hut the present
species is a true leaf-climber. A long, nearly upright
shoot made four revolutions, moving aguinst the sun,
very regularly at an average rate of 3 hrs. 26 m. The
shoots, however, sometimes stood still. Tt is con-
sidered a greenhouse plant ; but when kept there, the
petioles took several days to clasp a stick: in the
hothouse a stick was clasped in 7 hrs, In the green-
house a petiole was not affected by a loop of string,
suspended _during several days and weighing 23
grains (163 mg); but in the hothouse one was made.
to eurve by a loop weighing 1-64 gr. (10627 mg.); and,
on the removal of the string, it hecame straight again.
Another petiole was not at all acted on by a loop.
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weighing only 82 of a grain (3314 mg) We have
scen 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 scen by me,
& full-grown leaf is eapable of clasping a stick; but in
the greenhouse the movement was so extraordinarily

Fig 2
Slanam il with one of s piils casping k.

slow that the act required sevoral wecks: on each
succeeding week it was clear that the petiolo had
Tecome more and more curved, until at lust it firmly
clasped the stick.

The flexible petiole of a half or a quarter grown
leaf which has clasped an object for three o four
days increases much in thickness, and after several
weeks becomes so wonderfully hard and rigid that it
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can hardly

be removed from its support. On come-
paring a thin transverse slice of such  petiole with one
from an older leaf growing elose beneath, which had not
clasped anything, its diameter was found to be
doubled, and its structure greatly changed. In two
other petioles similarly compared, and here represented,
the increase in diameter was not quite so great. In
tion of the petiole in its ordinary state (),
o semilunar band of cellular tissue (ot

g
Suanum juminoids,

A Section of il n e crnary st

well shown in the woodcut) 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
v . Inthe section of the petiole (B) which had
clasped during several wecks a stick, the two exterior
ridges have become much less prominent, and the w0
groups of woody vessels beneath them much i

in dismeter. 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 clusping the
stick had actually become thicker than the stem
from which it arose; and this was chiefly due to the
inereased thickness of the ring of wood. This ring
presented, both in o transverse and longitudinal
section, u closely similar structure to that of the
stem. It is a singular morphological fact that
the petiole should thus acquire a structure almost
identically the same with that of the uxis; and it
is u still more singular physiological fact that so great
a change should have been induced by the mere act
of clasping a support.®

Fosaniaces.—Fumaria oficinalis—It could not
have boen anticipated that so lowly a plant us this
Fumaria should have been a climber, It climbs by
the aid of the main and lateral petioles of its com-
pound Jeaves; and even the much-flattencd terminal

# Dr. Maxwell Mastorsinforms  surfuces, - Tn accordunco with this

of voswels being moro eylindsical than it
confined 0 petioles. which aro was in ite origimal
contition,
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portion of the petiole can seize a support. 1 have
seen o substance as soft as a withered blade of gras
cunght. Petioles which have clasped any object
ultimately become rather thicker and more eylindri-
cal. On lightly rubbing several petioles with a twig,
they beeame perceptibly curved in 1hr. 15m., and
subsequently struightened themselves. A stick gently
placed in the angle between two sub-petioles excited
them to move, and was almost clasped in 9 hrs, A
loop 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 irregu-
lar; a zigzag 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 abont
four ellipses. The leaves themselyes likewise move
spontancously, the main petioles curving themselves
in accordance with the movements of the internodes;
50 that when the latter moved to one side, the petioles
moved to the same 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 a stick. The leaf in this
case followed an irregular course, like that made by
the internodes.

Adlumia cirrhosa.—1I raised some plants late in the
summer; they formed very fine leaves, but threw
up no central stem. The first-formed leaves were nok
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sensitive; some of the later ones were so, but ouly
towards their extremities, which were thus enabled to
elasp sticks. This conld be of no service to the plant,
as these leaves rosefrom 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 one’of these basal leaves, whilst young, described
in 1hr. 36m. a narrow ellipse, open at one end, and
exaetly threo inches in length s a second ellipse was
broader, more irregular, and shorter, y 23
inches in length, and was completed in 2hrs. 2m.
From the analogy of Fumaria and Corydalis, 1 have no
doubt that the intornodes of Adlumia have the power
of revolving.

Corydalis ~ clavieulata—This plant is interesting
from being in a condition so exactly intermediate
between a 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 deseribed, Bignonia
wnguis and its close allies, though aided by tendsils,
have clasping petioles.  According to Mol (p. 40),
Coceulus Japonicus (one of the Menispermacem) and a
fern, the Ophiaglossum Japonioum (p. 39), climb by
their lea:stalks.

We now come o a small section of plants which
climb by means of the produced midribs or tips of
their leayes.
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Lataacex—Gloriosa Plantii—The stem of a halfs
grown plant continually moved, gencrally deseribe
ing an irregular spire, but sometimes oval figures
with the longer axes directed in difforent lines. Tt
cither followed the sun, or moved in an opposite
course, and sometimes stood still before reversing its
direetion. Ono oval was completed in 3hrs, 40m.; of
two horseshoe-shaped figures, one was completed in
4hrs. 35m. and the other in 3hrs. The shoots, in their
movements, reached points between four and five
inches asunder. The young leaves, when first de-
veloped, stand up nearly vertically; but by the
growth of the axis, and by the spontancous bending
down of the terminal half of the leaf, they som
become much inclined, aud ultimately horizontal.
The end of the leaf forms a narrow, ribhonike,
thickened projection, which at first is nearly straighty
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 eateh
any object, and, when caught, to anchor the plant and
stop the revolving movement. Its inner surfuce is
sensitive, but not in nearly so high a degree us that
of the many before-lescribed petioles; for a loop of
string, weighing 164 grain, produced no effect.
When the hook has caught a thin tyig or even &
rigid fibre, the point may be perceived in from 1 hr. ta
Bhrs. to have curled a little inwards; and, under
favourable circumstances, it curls round and permas
nently seizes an object in from 8 hrs. to 10 B

f
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Tho hook when first formed, before the leaf has
Bent downwards, is but little sensitive. If it catches
hold of nothing, it remains open and sensitive for
a long time; ultimately the extremity spontanconsly
and slowly curls inwards, and makes a button-like,
flat, spiral eoil at the end of the leaf. One leaf
was watched, and the hook remained open for thirty-
threo days; but during the last week the tip had
curled so much invards that only a very thin twig
could have boen insorted within it. As soon as the
tip has curled so much inwards that the hook s con-
vertel into a ving, it sensibility s lost ; but as long as
it remains open some sensiby
Whilst the plant was only abont six inches in
height, the leaves, four or five in number, were
broader than those subsequently produced ; their soft
and but littlo-attenuated tips were not sensi
and did ot form hooks; nor did the stom then revole,
At this early period of growth, the plant can support
sl its clunbulg powers are mot required, and
consequently are not developed. So again, the leaves
on the summit of  full-grown flowering plant, which
would not require to climb any higher, were not scnsi-
tive and could not clasp a stick. We thus see how
perfect is the economy of nature.
CorueiyNAck.—Flagellaria Tndica.—From dried
specimens it is manifest that this plant climbs ex
like the Gloriosa. A young plant 12 inches in height,
and bearing fifteen leaves, had not a single leaf as yet
produced into a hook o tendril-like filament ; nor did
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the stem revolve. Hence this plant acquires its
climbing powers later in life than does the Glorisss
According to Mohl (p. 41), Usularia (Melan-
thaces) also climbs like Gloriosa.

These three lnst-named genera are Monocotyledons;
but there is one Dicotyledon, nmely Nepenthes, which
is ranked by Mohl (p. 41) amongst tendril-bearers;
and T hear from Dr. Hooker that most of the species
climb well at Kew. This is effected by the stalk or
midrib between the leaf and the pitcher coiling romd
any support. The twisted part becomes thicker; but
I observed in Mr. Veiteh's hothouse that the stalk
often takes a tun when not in contact with any
object, and that this twisted part is likewise thickened.
Two vigorous young plants of N. evis and . disilla-

in my hothouse, whilst less than a foot in
it, showed o sensitiveness in their leaves, and
had no pover of climbing. But when N. levis had
grown to  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 spontancons move-
ments; and when the terminal flaments came into
contact with a stick, they slowly bent round and
firmly seized it. But owing to the subsequent
growth of the leaf, this filament became after  time
quite slack, though still remaining firmly eoiled
round the stick. Hence it would appear that the

toria,
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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 fluic

Summary on Leaf-climbers.—Plants belonging to
cight families are known to have clasping petioles, and
plants belonging to fonr families climb by the tips of
their leaves. In all the species obser
with one exception, the young internodes re
or less regularly, in some eases as regularly as those
of a twining plant. They revolve at various rates,
in most cases rather rapidly. Some few ean ascend
by spirally twining round a support, Differently from
most twiners, there is a strong tendency in the same
shoot to revolye first in one and then in an opposite
direction. The object gained by the revolving move-
ment is to 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 elimb-
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 hooke
tips of the leaves of the Gloriosa are sensitive only on
their inner or inferior surfuces, The petioles are sen-
siive o a tonch and to excessively slight continued
pressure, even from a loop of soft thread weighing
only the onesixteenth of & grain (405 mg): and
there is reason to believe that the rather thick and

o

by e,

olve more
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Stfl potioles of Clematis flanmida are sensitive to even
much less weight if spread over a wida surfuce. The
petioles always bend towards the side which is p
or tonched, at different rates in different species,
sometimes within a few minutes, but generally afier
a much longer period.  After temporary contact with
any object, the petiole continues to bend. for  cone
siderable time; afterwards it slowly becomes straight
again, and can then re-nct. A petiole excited by
extremely slight weight sometimes bends  little, and
then becomes acenstomed to the stimulus, and either
bends no more or becomes straight again, the weight
still remaining suspended. Petioles which haye clasped
an object for some little time cannot recover their
original position.  After remaining clasped for two or
three days, they generally increase much in thickness
cither thronghout their whole diameter or on one side
alone ; they subsequently become stronger and more
woody, sometimes to a wonderful degree ; and in some
s they ncquire an internal structure like that of the
ora

ste

The young internodes of the Zophospermum as well
as the petioles are sensitive to a tonch, and by their
combined movement scize an object. The flower
peduncles of the Maurandia semperflorens rovolyo
spontaneously and are sensitive to a touch, yet arenot
used for elimbing. The leaves of at least two, and
probably of most, of the species of Clematis, of Fumaria
and Adlumia, spontancously curve from side to sidé,
like the internodes, and are thus better adapted &
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seize distant objects. The petioles of the perfect
Leaves of Tropwolum tricolorum, as well us 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 Ieaves of the Gloriosa, us they grow old,
contract into a flat spire or helix. These several fcts
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 revolve ;
nor are the petioles or tips of the first-formed leaves
sensitive. In certain species of Clematis, the large siz
of the leaves, together with their habit of revolving,
and the extreme sensitiveness of their petioles, appear
to render the revolving movement of the internodes

superfluous; and this ltter power hus consequently
become much enfecbled. Tn certain species of 7y
peolum, both the spontaneous movements of the inter-
nodes and the sensitiveness of the petioles have become
much enfeebled, and in one species have been com-
Pletely lost.

G2
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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 climbing, are excluded. True tendrils are
formed by the modification of leaves with their petioles,
eduncles, branches,* and perhaps stipules.

* Never having had the oppor- (1) Plants opporting Uhemseves
tunity of esamining fendrls  simply by therbrancles teiched
produced by the modiication of  out a sler—or example,
braaohes 1

essay when ori-
Butsinco th Seeuidacic
descriled (5 Plnt clnbin by the

it
@ournal of 1. Immmunl‘\h.lrm“
44 many ki ppear Ik tendrls, o i he st
Brasil, reoniing to_ Eadlite
which cliub by Helimue. (4 Plaote with-
Uranchcs, more or less medifed,  braehes much_wodifod

i state that the followivg stages temporaily convortod o
of devclopmunt con be fmced s dils, but which may b
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Mohl, who includes under the name of tendrils various
organs having a similar external appearance, classes
them aceonding to their homological nature, as being
modified leaves, flower-peduncles, &e. This would be
an excollent scheme; but T observe that botanists are
by no means unanimous on the homological nature of
certain tendrils. Consequently Twill describe tendril-
bearing plants by natural families, following Lindley’s
classification ; and this will in most cases keep those of
the sume naturo together. The species to b described
belong to ten families, and will be given in the

—Bignoniaces, Polemoniacer, Leg-
Smilaceee, Fumariaces, Cucurbit
Fitassm, Sapindaces, Pussforacse®

tnasbmad o xmnns,u with .xm.m Phenomenenof the
@) Phnu T e s

true tendrils, and used
Fainariy be alnbiagan ik
Strychnos

tendeil in the

il are sensitive 1o
but from somecause,
Bl ey e by, (6 4l of | potably Do olmerting o od
Sl red o smvoleld. | tendith, be woe i

god n fhse  sositive thoy were and thought

ik i vt
ooks,

oy e e, the
bistory of our

ol s an follows - We havo
men that Palm and von Mobl of the ooreceats of the teniie
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BioxoxtacEx.—This fumily contains many tendril-
bearers, some twiners, and some root-climbers. The
tendrils always consist of modified leaves. Nine species
of Bignonia, selected by hazard, are here deseribed,
in order to show what diversity of structure and
action there may bo within the sume genus, and to
show what remarkable powers some tendsils possess.
The species, taken together, afford connecting links

Fig. 5.

gt

Unsand e s K.
between twiners, leaf-climbers, tendril-bearers, and root-
climbers.

Bignonia (an mnnamed species from Kew, closely
allied to B, unguis, but with smaller and rather broader
loaves).—A young shoot from a cut-down plant made
three rovolutions against the sun, at an average mte of
2hrs. 6m. The stem is thin and flexible; it twined
round a slender vertical stick, ascending from left 0
right, as perfectly and as regularly as any true twining:
plant. When thus ascending, it makes no use of i
tendrils or petioles; but when it twined
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mather thiek stick, and. its petioles were bronght into
contact with it, these eurved 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 themselves spontaneously to the same
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 species.
The tendrils are so closely similar in all respeets to
those of B. unguis, that one deseription will suffice.
Bignonia unguis—The young shoots revalve, but
less regularly and less quickly than those of the last
species. The stem twines imperfectly round a vertical
stick, sometimes reversing its direction, in the sume
manner as deseribed in s many leaf-climbers; and
this plant though possessing tendrils, climbs to u
certain extent like a leaf-climber. Hach leaf consists
of u petiole bearing a pair of leaflets, and terminates
in u tendril, which is formed by the modification of
three leaflets, and closely resembles 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 @ small bird, with the hind toe cut

toes, which are of equal length, and diverging, Ii
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 s sensitive to contact ;
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even a small loop of thread suspended for two days
caused it to bend upwards; but the sub-petioles of
the two lateral leaflots are not sensitive. The whole
tondril, namely, the farsus and the three 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 contact
with them and then one toe of the tendril or more,
commonly all three, bend, and after several hours seize
fust hold of the twigs, like a bird when perched. If
the tarsus of the tendril comes into contact with &
twig, it goes on slowly bending, until the whole foot
is carried quite round, 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, earry-
ing the tendril, which then seizes its own petiole or
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 after a time
come into contact with it, and are excited to hend.
Ultimately the two petioles clasp the stiek 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 sccurity. The tendrils are
thus brought into action, if the stem twines round &
thin vertical stick; and in this respeet the present
species differs from the last. Both species use their
tendrils in the same manner when passing throngh u
thicket. This plant is one of the most efficient climbers
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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, I may mention that when I
first examined o plant which was growing moderately
well, though mot, vigorously, 1 concluded that  the
tendrils acted only like the hooks on a bramble, and
that it was the most fecble and inefficient of all
climbers !

Bignonia Tieeedyana.—This species is closely allied
to the last, and behaves in the same manner; but
perhaps twines rther better round a vertical stick.
On the same plant, one branch twined in one dircetion
and another in an opposite dircction. The internodes
in ane case mado two circles, each in 2 hrs. 33 m. T

was enabled to observe the spontancous movements of
the petioles better in this than in the two preceding
species: ono petiole described 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 stick, and is
securely fastened to it by the clasping petioles and
tendrils, it emits aérial Toots from the bases of its
leaves; and these roots curve partly round and adhero
to the stick. This species of Bignonia, therefore, com-
bines four different methods of climbing generally
charncteristic of distinct plants, namely, twining, leaf-
climbing, tendril-climbing, and root-climbing.

Tn the three foregoing species, when the foot
tendril has canght an_ object, it continues to grow
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and  thicken, and ultimately becomes wonderfully
strong, in the sume manner as the petioles of leaf-
climbers. I the tendril catches nothing, it first
slowly bends downwards, and then its power of elasping
is lost. Very soon afterwards it disarticulates itself
from the petiole, and drops off like a leaf in autumn,
T have seen this process of disarticulation in no other
tendrils, for these, when they fail to cateh an object,
merely wither aw
Bignonia venusta.—Th tendils differ oRRAREN
from those of the previous species. The lower part,
or tarsus, is four times as long as the three 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
but the three toes are
sensitive only on their outer surfaces, The sensitive-
ness is not much developed ; for a slight rubbing with
4 twig did not cause the tarsus or the toes to
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 tendrils are
seen spontancously to sweep large ellipses; the two
opposite tendrils moving independently of one another.
T have no doubt, from the analogy of the two following
allied species, that the petioles also moye spontancously’
but they are not irritable like those of B. unguis and
B. Tweedyana. The young internodes sweep large
circles, one being completed in 2 hrs. 15 m. and

s is sensitive on all sides
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a second in 2 hrs. 55 m. By these combined move-
ments of the internades, petioles, and grapuel-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 Ieft-
hand tendrils are alternately used. Thi i
follows from the stem necessarily tal
round its own axis for each completed circle

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

Bignonia littoralis—The young internodes revolve
in large ellipses. An internode bearing immature
tendrils made two revolutions, each in 3 hrs. 50 m. s
but when grown older with the tendrils mature, it
made two ellipses, each at the rate of 2 hrs, 44 m.

is incapable of
is docs not appear to bo
due 1o any want of flexibility in the internodes o
to the action of the tendrils, and certainly not to
any want of the revolving power; nor can T account
for the fact. Nevertheloss the plant readily ascends
a thin upright stick by seizing a point above with its
two opposite tendrils, which then contract spirally. Tt
the tendrils seize nothing, they do not become spiral.

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



92 TENDRIL-BEARERS. e TIL

The species last deseribed, ascended o vertical stick
by twining spirally and by seizing it alternately with
its opposite tendrils, like a sailor pulling himself up
a 1ope, hand over hand ; the present species pulls itself
up, like a sailor seizing with both hands together
rope above his head.

The tendrils are similar in structuro o 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 are9 inches
in length. The three divergent toes are shorter re-
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 ane being
rather longer than the others. Their outer surfices
are highly sensitive; for when lightly rubbed with
u twig, they became perceptibly eursed in 4 m. and
greatly curved in 7 m. Tn 7 hrs. they became straight
again and were ready to re-ict. The tarsus, 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 about half the
time. Even the middle part of the tarsus is sensitive
to prolonged contact, as soon as the tendril has arrived
at maturity,  After it has grown old, the sensitivencs.
is confined to the toes, and these are only able to curl
very slowly round a stick. A tendril is perfectly ready
10 aet, as soon as the three toes have diverged, ad
at this period their outer surfaces first become irritable.
The irritability spreads but little from one part when
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excited to another : thus, when a stick was caught by
the part immediately beneath the threo toes, these
seldom clasped it, but remained sticking straight out.

'he tendrils revolve spontancously. The movement
begins before the tendril is converted into a three-
pronged grapnel by the divergence of the toes, and
before any part has become sensitive; so that the
revolving movement is useless at this carly period.
The movement is, also, now slow, two ellipses being
completed conjointly in 24 hirs, 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 continne revolving together, but at different
rates, The movements of the tendrils which rise
opposite one another are quite independent. Henee,
when the whole shoot is allowed freely to revolve,
nothing can be more intricate than the course followed
by the extremity of cach tendril. A wide space is
thus irregularly searched for somo object to be

d.

One ofher curious point remains fo be mentioned.
In the course of a few days after the toes have closely
clasped a stick, their blunt, extremitios become do-
veloped, though not invariably, into irregular disc-
like balls which have the power of adhering firmly to
the wood. As similiar cellulur ontgrowths will be
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fully described under B. capreolata, T will hero say
nothing more about them.

Bignonia. aquinoctialis, vax. Chamberlaynii—The
internodes, the elongated non-sensitive petioles, and
the tendrils all revolve. The stem does not twine,
but ascends a vertieal stick in the same manner a
the last species. The tendrils also resemble those of
the last species, but are shorter; the three toes are
more unequal in length, the two outer ones being
about one-third shorter and rather thinner than the
middle toe; but they vary in this respect. They
terminate in small hard points; and what is important,
collular adhesive dises are not developed. The re-
duced size of two of the toes as well s their lessencd
sensitiveness, seem to indicate a tendency to abortion
and on one of my plants the first-formed tendrils were
sometimes simple, that is, were not divided into thres
toes. We are thus naturally led to the three following
vided tendrils

Bignonia speciosa.—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 revolye spon-
tancously, as do the short and non-sensitive. 1
rubbed, they slowly bend to the rubbed side
v straighten themselves ; but they are

e. There is something strange in

s with ung
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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
objects were well seized. Adter clasping an upright
stick, they repeatedly loosed it again, and often would
not seize it at all, or their extremitics did not coil
closely ronnd. T have observed hundreds of tendrils
belonging to various Cucurbitaceous, Passifloraccous,
and Leguminous plants, and never saw one behave in
this manner.  When, however, my plint had grown
to o 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 sp Nevertheless, the non-twining stem
was enabled by this means to ascend the stick.

The extremis the tendril is almost straight and
sharp. The whole terminal portion exhibi ingular
habit, which in an animal would be callod an instinct;
for it continually searches for any little crev
into which o insert i 1 had two young plants;
and, after having observed this habit, T placed near
them posts, which had been bored by beetles, or had
bocome fissured by drying. The tendrils, by their
own movement and by that of the interodes, slowly
travelled over the surfuce 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 longth of half
or quater of an inch, would often boud itself at right
angles to the basal part. T have watehod this process

or hole
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between twenty and thirty times. The same tendril
would frequently withdraw from one hole and nsert
its point into a second hole. T have also seen a
tendril keep its point, in one case for 20 hrs, and in.
another for 56 hrs, in a minute 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 fits itself closely
to any surface of wood with which it has come into
contact; and T have observed one bentat right angles,
from having entered a wide and deep fissure, with its
apex abruptly re-bent and inserted into a minute
lateral hole. ~After a tendril has clasped o stick, it
contracts spirally ; if it remains unattached it hangs
straight downwards, I it has merely adapted itself to
the inequalities of a thick post, though it has clasped
nothing, o if it has inserted its apex into some little
fissure, this stimulus suffices to induce spiral contracs
tion; but the contraction always draws the tendril
avay from the post. So that in every case these
movements, which scem so nicely adapted for some
purpose, were useless. On one occasion, however,
the tip became permanently jummed into a narrow
fissure. 1 fully expected, from the analogy of B
capredlata wnd B, littoralis, that the tips would have
been developed into adhesive discs; but T could
never detect even a trace of this process, There
is therefore at present something unintelligible about
the habits of this plant.

Bignonia picta.—This species closely resembles the
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Tust in the structure and movements of its tendrils. 1
also casually examined a fino growing plant of the
allied B. Lindleyi, and this apparently behaved in all
rospects in the sume manner.

Biguonia. capreclata.—We now come to a specics
laying tendrils of a different typo; but first for the
internodes. A young shoot mado three large revolu-
tions, following the sun, at an average rate of 2 hrs. 25 m.
The stem is thin and flexible, and T haye seen one
make four regular spiral turns round a thin upright
stiok, asoending of course from right to left, and
therefore iu  reversed direction compared with the
bofore described species. ~ Afterwards, from the inter-
ference of the tendrils, it ascended either straight up
the stick or in an irregular spire. The tendrils are
in some respects highly remarkable. In a young
plant they wero about 2§ inches in length aud much
branched, the five chief branches apparently repre-
senting two pains of leaflts and a terminal one. Each

bifid or ifid towards
the extremity, with the points blunt yet distinctly
hooked. A tendril bends to any side which is lightly
rublied, and  subsequently becomes straight again ;
but & loop of thread weighing th of a grain produc
10 effect, On two oceasions the terminal branches
becamo slightly curved in 10 m. after they had touched
astick ; and in 30 m. the tips were curled quite round
it. The busal part s less sensitive, The tendrils re-
volved in an apparently capricious manner, sometimes
very slightly or not at all; at other times they

"
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ribed largo regnlar ellipses. T could deteet no
spontaneous movement in the petioles of the leayes.
Whilst the tendrils are revolving more or less
regularly, another remarkable movement takes place,
namely, a slow inclination from the light towands
the darkest side of the house. I repeatedly changed
the position of my plants, and some little time after
the revolving movement had ceased, the successively
rmed tendrils always ended by pointing to the
darkest side. When I placed o thick post near a
tendril, between it and the light, the tendril pointed
in that direction. In two instances a pair of leaves
stood 0 that one of the two tendrils ws dirccted
towards the light and the other to the darkest side of
the house; the latter did not move, but the oppasite
ono 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 half round ; and the tendsil which had tumed
over recovered its original position, and the opposite
one which had not before moved, now turned 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 direeted: I
placed the pot in a box open only on one side, and
abliquely facing the light in two days all six ten-
drils pointed with unerring truth to the darkest comer
of the box, though to do this cach had to bend in &
different manner. Six wind-vanes could not have
more truly shown the direction of the wind, than did
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these branched tendrils the course of the stream of
light which entered the box. I left these tendrils
undisturbed for above 24 hrs,, and then turned the
pot half round; but they had now lost their power of
movement, and could not any longer avoid the light.

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

T have stated that after o tendril has come into
contact with a stick, it bends round it in about half
an hour; but T repeatedly observed, as in the
of B. speciosa and. its allies, that it often again loosed
the stick ; sometimes seizing and loosing the same stick
three or four times.  Knowing that the tendrils avoided
the light, I gave them a glass tube blackened within,
and  well-blackenod zine plate: the branches curled
round the tube and abruptly bent themselv
the edges of the zine plato; but they soon recoiled
from theso objeets with what T can only call disgust,
and straightened themselves. 1 then placed a post
with extremely rugged bark elose 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

round
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curled round and firmly seized an excessively minute
Projecting point of bark, and then the other branches
spread themselves out, following with accuracy 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 o beantiful manner. To my surprise, I observed
that the tips of the immature tendrils, with the
branches mot yet fully separated, likewise erawled
just like roots into the minutest crevices. In two
or three days after the tips had thus crawled into
the crevices, or after their hooked ends had seized
‘minute points, the final process, now to be deseribed,
commenced.

This process T discovered by having accidentally
left a piece of wool near a tendril; and this led me to
bind a quantity of flax, moss, and wool loosely round
ks, and to place them near tendrils. The wool must
not be dyed, for these tendrils are excossively sensitive
to some poisons. The hooked points soon caught hold
of the fibres, even loosely floating fibres, and now there
was no recoiling; on the contrary, the excitement
caused the hooks to penetrate the fibrous mass and
to curl inwards, so that each hook caught firmly ane
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
a fow more days the hooks were converted into whitish,
irregular balls, rather above the glgth of an inch (127
in dismeter, formed of course cellular tissue,

st
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which sometimes wholly enveloped and concealed the
hooks themselyes. The surfaces of these balls secrete
some viscid resinous matter, to which the fibres of the
flax, &e., adhere. When a fibre has become fastened
to the surfuce, the cellular tissue does not grow
direetly beneath it, but continues to grow closely on
each side; so that when severul adjoining fibres,
though excessively thin, wero caught, so many erests
of cellnlar matter, each not as thick as a human hair,
grew up between them, and these, arching over on
both sides, adhered firmly together. As the whole
surfaco of the ball continues to grow, fresh fibres
adhere and are afterwards enveloped ; so that T have
seen a littlo ball with between fifty and sixty fibres
of flax crossing it at varions angles and all embedd
wmore or less deeply. Every gradation in the process
could bo followed—some fibres merely sticking to
the surfuce, others lying in more or less deep furrows,
or deeply embedded, or passing throngh the very
centre of the cellular ball. The embedded fibres are
s0 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 oceasion, when a tendsil had eurled round
a stick, half an inch in diameter, an adhesive disc
was formed ; but this does not generally occur in the
case of smooth sticks or posts. If, however, the tip
catehes o minute projecting point, the other branches
form dises, especially if they find crevices to erawl
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into. The tendrils failed to attach themselves to a
brick wall.

Tinfer from the adherence of the fbres to the discs
or balls, that these secrete some resinous adhesive
matter; and more especially from such fibres becominy
loose if immersed in sulphuric ether. This fluid like-
wise removes small, brown, glistening points which can
generally be seen on the surfuces of the older dises.
If the hooked extremities of the tendrils do not touch
anything, dises, as far as T have scen, are never
formed ;* but temporary contact during a moderate
time suffices to canse their development. I have seen

ight dises formed on the same tendril. After their
development the tendrils 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 dises were attached yielded.

From the facts now given, we may infer that though
the tendrils of this Bignonia can occasionally adhere
to smooth eylindrical sticks and often to rugged bark,
yet that they are specially adapted to climb trees
clothed with Tichens, mosses, or other such productions;.
and Thear from Professor Asa Gray that the Polypediu.
incanum abounds on the forest-trees in the distriets of

« Frta Millor sates (ibid.p.  objct terminato i smooth shaing
48) that in South Bruail the  discs,” These, however, afer ade
trifd tendrils of Haplolophinm,  hering 1o any objoct, somelimes

(one of tho Bignoniacea) without  become considerably enlarged.
having come into contact with any
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North America 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 tums from the light, and which can
by its extremities cither erawl like roots into erevices,
or seize hold of minute projecting points, these ex-
tremities afterwards forming cellular outgrowths which
secrete un adhesive cement, and then envelop by their
continued growth the finest fibres.

Eecremocarpus seaber (Bignoniacea)—Plats, 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 3 hrs. 15 m. to
Lhr, 13 m. One large circle was swept at. this lntter
unusually quick rate; but generally the circles o

ses were small, and sometimes the course plmuutl
gular. An intemode,
B ol ool sill for 12 hrs. o 15 i,
nd then

o

interruptions in the movements of the internodes 1
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-
neously, 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 1 have seen the chor of a curved petiole
which formed an angle of 39° with the stem, in an
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hour afterwards making an angle of 106 The two
opposite petioles do not move together, and one s
imes so much raised as to stand close to the stem,
whilst the other is not far from horizontal. The basal
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 intes nm(lm, petioles, and tendrils, a considerable

som

In young plants the tendrils are about three inches
they bear two lateral and two terminal
: and cach branch bifureates twice, with the
tips terminating in blunt donble hooks, having both
points directed to the sume side. All the branches are
sensitive on all sidess and after being lightly rabbed,
or after coming into contact with a stick, bend in
about 10 m,  One which had become eurved in 10 m.
after o light rub, continued bending for between 3 hrs.
and 4 hrs, and became straight again in 8 hrs. or
9 hrs, Tendrils, which have canght nothing, ultimately
contract into an irregular spire, as they likewise do,
only much more quickly, after elasping a support. Tn
both cases the main petiole bearing the leaflets, which
is at first straight and inclined o little upwards,
moves downwards, with the middle part bent abruptly
into a right angle; but this is seen in J. miniafus
more plainly than in E. seaber. The tendrils i this
genus act in some respects like thoso of Bignonia
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capredlata; but the whole does not move from the
light, nor do the hooked tips become enlarged into cel-
lular discs. After the tendrils have come into contact
with @ moderately thick cylindrical stick or with
rugged bark, the several branches may be seen slovly
to lift themselves up, change their positions, and
again co

o into contact with the supporting surface.
The object of these movements is to bring the double
hooks at the extremities of the branches, which natu-
rally face in all dircetions, into contact with the wood.
1 have watched a tendril, half of which had bent itsclf
at right angles round the sharp comner of a square post,
neatly bring every single hook into contact with both
rectangular surfuces. The appearance suggested the
belief, that though the whole tendsil is not sensitive to
light, yet that the tips are so, and that they tum
and twist themselves towards any dark surfce. Ulti-
mately the branches arrange themselyes very neatly
to all the irregularities of the most rugged bark, so
that they resemble in their irregular conrse  river
with its branches, as engraved on a map. But when
@ tendril has wound round a rather thick stick, the
subsequent spiral contraction generally draws it avay
and spoils the neat arrangement. 8o it is, but not in
quite so marked o manner, when @ tendril has spread
itself over a large, nearly flat surfuce of rugged bark.
We may therefore conclude that these tendrils are not
perfectly adapted to scize moderately thick sticks or
rugged bark. 1 a thin stick or twig is placed near
a 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 ealms 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 clasp. When a small brush, for
instance, was placed near a tendril, the tips of each
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.

(PoLEMONL scandens. - This_is _an
excellently constructed o tendrils on a
fine plant were eleven inches long, with the petiole
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
by me, with the exception of one kind of
Passiflora. Three large, nearly circular swoeps, dis
ed against the sun were completed, each in 1 hr.
15m.; and two other circles in 1 hr. 20 m. nd 1 br.
93 m. Sometimes a tendril travels in a much inclined
position, and sometimes nearly upright. The lower paré
moves but little and the petiole not at all; nor do

z
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the internodes revolve ; o that here we have the tendril
alone moving. On the other hand, with most of the
species of Bignonia and the Eeoremocarpus, the inter-
nodes, tendrils, and petioles all revolved. The long,
straight, tapering main stem of the tendril of the Cobaa
bears 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 @ breath of air; yet they are strong
and highly elastic. The extremity of each branch is a
little flattened, and terminates in a minute double
(thongh sometimes single) hooks, formed of a hard, trans-
Tucent, woody substance, and as sharp as the finest
needle. On a tendsil which was eleven inches long T
counted ninety-four of these beautifully constructed
little hooks. They readily cateh 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 central
stem, every part of every branchlet is b
on all sides to a slight touch, and bends in a fow
minutes towards the touched side. By lightly rub-
bing several sub-branches on opposite sides, the whole
tendril rapidly assumed an  extraordinarily crooked
shape. These movements from contact do not inter-
fere with the ordinary revolving movement. The
‘branches, after beeoming greatly curved from being
touched, straighten themselves at a quicker rate than
in almost any other tendril seen by me, namely, in
‘between balf an hour and an hour. After the tendril
has canght any object, spiral contraction likewise
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begins after an unusually short interval of time,
namely, in about twelve hours.

Before the tendril 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
s the branches diverge and the hooks stand out, full
sensitiveness is acquired. 1t is a singular circumstance
that immature tendrils revolve at their full velocity

before they become sensitive, but in a useless manner,

this state they can eatch nothing. This want
of perfect co-udaptation, though only for a short time,
between the structure and the functions of a climbing-
plant is a rare event. A tendril, as soon as it is ready
to act, stands, together with tho supporting petiole,
vertically upwards. The leaflets borne by the petiole
are at this time quite small, and the extremity of the
growing stem is bent to one side so a3 to be out
of the way of the revolving tendril, which sweeps
large circles directly over head. The tendrils thus
n a position well adapted for catehing objects
standing above; and by this means the ascent of the
plant is favoured. If 'no object is caught, the leaf
with its tendril bends downwards and ultimately
assumes a horizontal position. An open space is
thus left for the next suceeeding and younger tendsil
to stand vertically upwards and to revolve freely.
As soon as an old tendril bends downwards, it loses
all power of movement, and contracts spirally into an
entangled mass. Although the tendrils revolve with
unusual rapidity, the movement lasts for only a short

as

revolve
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time. In a plant placed in the hot-house and grow-
ing vigorously, u tendril revolved for not longer than
36 hours,counting from the period when it fist became
sensitive; but during this period it probably made at
least 27 revolutions.

When a revolving tendril strikes against a sti
the branches quickly bend round and clusp it. The
little hooks here play an important part, us they
prevent the branches from being dragged away by the
rapid revolying movement, before they have had time
to clasp the stick securely. This s especially the case
when only the extremity of a branch has caught
hold of & support. As soon as a tendsil has hent

round a smooth stick or a thick rugged post, or has

come into eontact with planed wood (for it can adhere
temporarily even to so smooth a surface as this), the
same peculior movements may be observed as those
described under Bignonia capreolata wnd Eecremocar-
pus. The branches repeatedly lift themselves up «
down; those which have their hook:
downwards remaining in this position and securing
the tendril, whilst the others twist about until they
suceeed in arranging themselyes in conformity with |
every irregularity of the surfice, and in bri |
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 eateh; for these, though
temporarily seized, were invariably Tost, either during
the re-arrangement of the branches or ultimately et
spiral contraction ensued.
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| The perfect manner in which the branches armnged
themselves, crecping like rootlets over every inequality
| of the surface and into any deep crevice, is a pretty
ight; for it is perhaps more effectually performed.
[ by this than by any other species. The action is
certainly more conspicuous, us the upper surfuces of
the main stem, as well ns 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 a less amount of light guided
these movements of the branches of the tendrils.
1 made many trials with black and white cards and
glass tubes to prove it, but failed from various causes ;
yet these trials countenanced the belief. As a tendril
consists of a leaf split into numerous segments, there is
nothing surprising in all the segments turning their
upper surfices towards the light, as soon s the tendril
is canght 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
surfuces may face the light.

When the Cobaa grows in the open air, the wind
must aid the extremely flexible tendrils in seizing &
support, for I found that a mere breath sufficed to canse
the extreme branches to cateh hold by their hooks of
twigs, which they could mot have reached by the
revolying movement. Tt might have been thought
that a tendril, thus hooked by the extremity of a single
branch, could not have fairly grasped its support-
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But several times T watched cases like the following
a tendril canght a thin stick by the looks 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
caught the stick, The first branch then loosed itsel,
and, arranging its hooks, again canght hold. After a
time, from the continued movement of the tendsil,
the hooks of a third branch canght hold. No other
branches, as the tendsil then stood, could possibly
liave touched the stick. But before long the upper
part of the main stem began to contruct into an_ open
spire. 1t thus dragged the shoot which bore the
tendril 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 to its support in a perfect manner.

GUMINOSZ. m_sativum.—The common pea
was the subject of a valuable memoir by Dutrochet,”
who discovered that the intemodes and tendrils

* Comptes Rendus, tom. xvi, 1843, p. 950.
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revolve in ellipses. The ellipses are generally very
narrow, but sometimes approach to circles. 1 several
times observed that the longer axis slowly changed its
direction, which is of importance, us the tendril thus
sweops a wider space. Owing to this change of
dircotion, and likewise to the movement, of the stem
towards the light, the successive irregular ellipses
generally form an irregular spire. T have though it
worth while o annex a tracing of the course pursued
by the upper internode (the movement of the tendril

vt 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
No doubt all the lines would have been
car if the course had been observed at much
¢ intervals, The extremity of the petiole, from
the young tendril arose, was two inches from
the glass, so that if a pencil two inches in length
could have been affixed to the petiole, it would have
traced the annexed figure on the under side of the
glass; but it must be remembered that the figure is
reduced by one-alf.  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
ion, and 3 inches in another. As a full-grown.
tendril is considerably above two inches in length, and
us the tendril itself bends and revolves in harmony
with the internode, a considerably wider space s swept
thanis here represented on a reduced scale. Dutrochet
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observed the completion of an ellipse in 1 hr. 20 m.;

and I saw 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

LI T—
oo

spontanconsly revolve, as well as the young inter-
nodes and tendrils; but he docs not say that he
- : |

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



114 TENDRIL-BEARERS. Cuae, 101,

sccured the internodes; when this was done, T 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, exetly like those made by the inter-
nodes. A young tendril, only 1} inch in lngth,
revolved. Dutrochet has shown that when a plan i
placed in a oom, so that the light enters laterally, the
ternodes travel much quicker to the Jight than from
it: on the other hand, he asserts that the tendsil 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 not having
sccured the internodes. 1 took a 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.; T then turned the plant parly
round, but this made no change in the direction
The next day I watched a

highly sensitive) made an ellipse in a line exactly o
and 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 curvature was fully.
as great towards the light us towards the dark side
of 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 together, owing to inequality of

Dutrochet made no observations on the sensitiveness
of the tendrils, These, whilst young and about an inch
in length with the leaflets on the petiole only partially
expanded, are highly sensitive; u single light touch
with a twig on the inferior or concaye surfice near the
tip cansed them to bend quickly, us did occasionally
a loop of thread weighing one-seventh
(925 mg.). The upper or convex surfuce is barely or
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 throe pairs
of branches become hooked, and they then appear to
form an excellent grappling instrument; but this is

a grain

not the case. For at this period they have generally
quite lost their sensitivencss; and when hooked on to
twigs, some were not at all aflceted, and others required
from 18 hrs, to 24 hrs. before clasping such twigs
nevertheless, they were able to ut
of irritability owing to their extremi
Ultimately the lateral branches contract spirally, but
not the middle or main stem.
Tathyrus aphaca.—This plant is destitute of leaves,
except during & very early age, these 1
by tendrils, and the leaves themselves by large stipules.
1t might therofore 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
spontaneous revolving power, but are at first inclined
upwards at an angle of about 45°, then move into a
horizontal position, and ultimately bond downwards.
The young internodes, on the other hand, revolve in
ellipses, and carry with them the tendrils. Two
ellipses were completed, each in nearly 5 hrs.; their
longer axes wero directed at about an angle of 45
to the axis of the previously made ellipse.

Lathyrus grandiflorus—The plants observed were
young and not growing vigorously, yet sufficiently so,
I think, for my observations to be trusted. If so, we
have the rare ease of neither internodes nor tendrils
olving. The tendrils of vigorous plants are above
nches in length, and are often twice divided into
three branches ; the tips are curved and are sensitive
on their concave sides; the lower part of the central
stem is hardly at all sensitive. Hence this plant
appears to climb simply by its te being brought,
through the growth of the stem, or more efficiently
Ly the wind, into contact with surrounding objects.
which they then clasp. T may add that the tendrils,
or the internodes, or both, of Vieia sativa revolve.

Conrosirx, — Mutisia  clematis, — The  immense
family of the Compositw is well known to include
very few climbing plants.  We have seen in the Table
in the first chapter that Mikania scandens is a re=
er, and F. Miller informs me that in S

gular twi
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Brazil there is another species which is a leaf-climber.
Mutisia is the only genus in the family. as far as
I can learn, which |n‘nx~4 tendrils: it is therefore
interesting to find that these, though rather L
‘metamorphosed from their primordial foliar condition
than are most other tendrils, yet display all the
ordinary characteristic movements, both those that
are spontancous and those which are excited by con-
tact.

The long leaf bears seven or eight alternate leaflets,
and terminates in a tendril which, in a plant of con-
siderable size, was 5 inches in length. Tt consists
generally of three branches; and these, although
much elongated, evidently represent the petioles and
midribs of three leaflets’ for they closely resemble
the same parts in an ordinary lea, in being rectangular
on the upper surface, furrowed, and edged with green.
Moreover, the green edging of the tendrils of young
plants sometimes expands into a narrow lamina or
blade. Each branch s curved a little downwards, and
is slightly hooked at the extremity.

A young upper intemode revolved, judging from
three revolutions, at an average rate of 1 br. 38 m. ; it
swept ellipses 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 mueh less regularly elliptical than that of the
internodes. They appear to be much affected by the
ight, 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 crooked 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 becamo
perceptibly curved in 8 m., and another in 5 m.; the
upper surface is not at all sensitive; the sides aro
moderately sensitive, so that two branches which were
rubbed on their inner sides converged and erossed each
other. The petiole of the leaf and the lover parts of
the tendsil, halfway between. the upper leaflet and the
Lowest branch, are not sensitive. A tendril after curling
from u touch became straight again in about 6 hrs, and
was ready to re-nct; but one that had been so roughly
rubbed as to have coiled into o helix did not become
perfectly straight until after 13 hrs, The tendrils re-
tain. their sensibility to an uusually late age s for one
born by a leaf with five or six fully developed leaves
above, was still active. Tf a tendril catches nothing,
after o considerable interval of time the tips of the
branches curl a little invards; but if it elasps some
object, the whole contracts spirally.
Swtmaces.—Smilaz aspera, var. maeulata—Aug.
St.-Hilaire * considers that the tendrils, which rise in
pairs from the petiole, are modified lateral leaflets;
41) ranks them as modified stipules.
are from 13 to 1§ inches in length, aro
thin, and have slightly curved, pointed extremities.
They diverge a little from each other, and stand ab
first nearly upright.  When lightly rubbed on cither
* “Legons de Botanique; &, 1941, p 170,
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side, they slowly bend to that side, and subsequently
become straight again. The back or convex side
when placed in contact with  stick beeame just per-
coptibly curved in 1 hr. 20 m, but did not completely

surround it until 48 hrs. had clapsod ; the concave side
of anather bocama considerably curved in 2 hrs. and
clasped a stick in 5 hrs.  As tho 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 Jehind the stem. Owing to this power, the
plant is able to aseend a thin upright stick. Ultic
mately the two tendsils belonging to the samo 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
round the stem is, to a certain extent, guided by their
avoidance of the light ; for when a plant stood so that
ane of the two tendrils was compelled in thus slowly
wving to travel towards the light, and the other from
the light, the latter always moved, as I ropeatedly
abserved, more quickly than its fellow. The tendrils
do not contract spirally in any ease. Their chance
of finding a support depends on the growth of the
plant, on the wind, and on their own slow backward
and downward movement, which, as we have just seen,
is guided, to u certain extent, by the avoidance of the
light ; for neither the internodes nor the tendrils have

any 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 a less perfect climber than
any other tendril-bearing species observed by me. The
plant whilst young and only a few inches in height,
{loes not produce any tendrils; and considering that
it grows to only about 8 fect in height, that the stem
is zigzag and is furnished, as well as the petioles, with
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spines, it is surprising that it should be provided with
tendrils, comparatively ineflicient though these are.
The plint might have been left, one would have
thought, to climb by the aid of its spines alone, like
our brambles. As, however, it belongs to a genus,
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
‘more highly organized in this respoct.

rydalis daviewlata.—According to
Mohl (p. 43), the extremitics of the branched stem,
as well as the leaves, are converted into tendrils.
In the specimens examined by me all the tendsils were
certainly foliar, and it is hardly credible that the same
plant. should produce tendrils of a widely different
homological nature. Nevertheless, from this state-
ment by Moh, I have ranked this species amongst, the
tendril-bearers; if classed exclusively by its foliar
tendrils, it would be doubtful whether it onght not to
haye been placed amongst. the lea-climbers, 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
be designated as tendrils, for they are completely
destitute of lamin or blades. Consequently, we here
behold a plant in an actual state of transition from a leaf-
elimber to a tendril-bearer. Whilst the plant is rather
young, only the outer leaves, but when full-grown all
the leaves, have their extremities converted into more
or less perfect tendrils. I 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 little more or less
changed into true tendrils,

Whilst the plant is quite young, the first-formed
leaves are not modified in any way, but those next
formed have their torminal 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
as the tendril. The leaflots bome 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 onc-twelfth of an inch in
length and one-seventy-fifth in breadth (2116 mm. and
339 mm.), so that it was almost microseopically minute.
All the reduced leaflets have branching nerves, and.
terminate in little spines, like those of the fully de-
veloped leaflets. Every gradation could be 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 tendril.

The several terminal branches of the petiole bearing
the much reduced leaflets (s, b, ¢ d) are highly
sensitive, for a loop of thread weighing only the one=
sixteonth of @ grain (405 mg) caused them to become
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greatly ourved in under 4 hrs. When the loop was
removed, the potioles straightened themselos in about
the same time. The petiole (¢) was rather less sensitive ;
and in another specimen, in which the corresponding

Tie

oty ottt
Lt o st .

petiole bore rather larger leaflets, a loop of thread

weighing one-cighth of a grain did not cause curvature

until 18 hrs. had clapsed. Loops of thread weighing

one-fourth of a grain, left suspended on the lower
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petioles (f to 7) during several days, produced no
effect.  Yet the three petioles £, g, and & were not
quite insensible, for when left in contact with a stick
for a day or two they slowly curled round
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 soen to be the
case with many tendrils. It is in continual move-
ment, and ono that I observed swept at an average
rate of about 2 hrs, for each revolution, large, though
i

lar, ellipses, which were sometimes narrow,
mes broad, with their longer axes directed to
different points of the compass. The young. infer-
node

som

likewise revolved irregularly in ellipses or
spires; w0 that by theso coribined movements & cone
bl :pt for a support. 1If

and attenated. poction of @ petiols fails o seise aay
object, it ultimately bends downwards and inwards,
and soon loses all irritability and power of movement.
This bending down differs much in nature from that
which ocours with the extremities of the young leaves
in many species of Clematis; for these, when thus
downwards or hooked, first acquire their full
degree of sensitiveness.

Dicentra thalictrifolia—TIn this allied plant the
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metamorphosis of the terminal leaflets is complete,
and they are converted into perfect tendrils. Whilst
the plant is young, the tendsils appear like modified
branches, and a distinguished botanist thought that
they were of this nature; but in a full-grown plant
there can be 1o doubt, as T am assured by Dr. Hooker,
that they are modified leaves, When of full size, they
are above 5 inches in length; they bifurcate 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 a twig beeame curved in
the course of from 30 m. to 42 m,, and straightened
themselyes in between 10 hrs. and 20 hrs. A loop

hth of u grain plainly

ghing one-sixteenth of a gr
this latter weight, though left suspended, was not
sufficient to cause a permanent flexure. The whole
eaf with its tendril, as well as the young upper inter-
nodes, revolves

igorously and quickly, though irregu-

rly, and thus sweeps n wido space, The figure traced
on w bell-glss was cither an irregular spire or u
sigzag line. The nearest approach to an ellipso was an
clongated figure of 8, with one end a little open, and
this was completed in 1 hr. 33 m. During a period
of 6 hrs. 17 m. another shoot made a complex figure,
apparently representing threo and a half ellipses.
When the lower part of the petiole bearing the leaflots
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was securely fastened, 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 themselyes to the
supporting surface, as is done in so perfoct a manner
by some Bignoniacew and Cobwa. The tendrils of
young plants, two or three feet in height, are only
b

{ the length of those borne by the same plant when
grown taller, and they do not contract spirally after
clasping a support, but only become slightly flexuons,
Full-sized tendrils, on the other hand, contract spirally,

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
potiole after a time is angularly and abruptly bent
downwards like that of Eceremocarpus.
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CHAPTER 1V.

o Beansss—(continued).

bl moreminse ot vy o grkd il e b

ﬂn-m-wlumlnn.-lh—mlx of the vine—1
o the Tight, and i conac, doyolop allsive

40 tho contact of other tendril or of drmpa of water—Spiral con.
tenction of tendrils—Summary on the vature and aetion of
toudril,

Cucvmmaces—The tendrils in this family have
been ranked by competent judges as modified leaves,
stipules, or branches; or us partly @ leaf and partly
a branch. De Candolle belieyes 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 probuble, namely, that
the tendril is “u separate portion of the leaf itself;”
but much may be said in favour of the belief that it
is n modified flower-peduncle,

S o o Bt Otvr ¢« Gardenes Chouil 61
o aformation ot i,
letin do In

E
ik
2

S’

e Fonor, 1857, nmm Hmglt bo anoued that th
pumervus tenirils of tho former aro o lifed
g o Boion ower-poduncles, s s certainly

2 the case with those of 4
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Echinoeystis  lobata.—Numerous ~observations were
made on this plant (raised from seed sent me by Prof.
, for the spontancous 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. 1 obsorved
thirty-five revolutions of the internodes and tendrils;
tho slowest rato was 2 hrs, and the average rabe, 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
on. Sometimes the movement during a short
time would cither stop or be reversed; and this
apparently was due to interference from the light,
as, for instance, when T placed a plant close to a.
window. In one instance, an old tendril, which had
nearly ceased rovolving, moved in one dircction,
whilst @ young tendril above moved in an opposite
course. The two uppermost internodes alone revolve;
and as soon as the lower one grows old, only its upper
part continues to move. The ellipses or circles swept
by the summits of the internodes are about three inches
in diameter; whilst those swept by the tips of the

din

fowers 3 T Holand (Had-  gden, wheto i o GRS
prickles upon the fruitbad
rown out into a long, curled
tendii

105) states. that
ol el gy
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tendrils, are from 15 to 16 inches in dismeter. During
the rovolving 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 wm,nu,- up. There was

which cumm\lally fave the mm st ihAb theis
movement was due to the weight of the long and
spontaneously revolving tendril ; but, on cutting off the
latter with sharp scissors, the top of the shoot rose only

& little, and went onrevolying. This false appearance

is apparently due to the internodes and tendrils all
curving and moving harmoniously together.

A revolving tendril, thongh inclined during the
greater part of its corse at an anglo 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-
spicuous in the latter case, or when the whole shoot
happened to be much inclined. The tendril forms a
very acute angle with the projecting extremity of the
stem or shoot; and the stiffening always oceurred as
the tendril approached, and had to pass over the shoot
in its circular course. If it had not possessed and
exercised this cnrious power, it would infallibly have
struck against the extremity of the shoot and been

B =
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arrested.  As soon as the tendsil with its three
branches begins to stiffen itself in this manner and to
vise from an inelined into o vertical position, the
revolving motion becomes more rapid s and ns soon
us the tendril has succeeded in passing over the ex-
y of the shoot or point of difficulty, its motion,
g with that from its weight, often cunses 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 Pom.mmly

curved, 50 as o act to a limited extent as a hioo
concave side of the tip is highly sensitive lontmmh.
but not so the convex side, as was likewise observed
to be the case with other species of the fumily by
Mohl (p. 63). 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 concave side had straightencd
themselyes, T reversed the process of rubbing, and
always with the same result. After touching the
concuve side, the tip becomes sensibly curved in one or
two minutes; and subsequently, if the touch hns beenat
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-sixteenth of
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& gruin in weight cansed a tomporary flosure. The

Tonged pressure, for when it came into contact with
stick, it would slowly wind round it.

One of my plants bore two shoots near together,
and tho tendsils wore repeatedly drawn across one
another, but it is a singular fact that they

d 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 g
than that caused by a loop of soft thread weighing
only the one-sixteenth of a grain. T have, however,
scen soveral tendrils of Bryonia dioica interlocked, but
they subsequently released one an The tendrils
of the Echinocystis are also habituated to drops of
water or to rain; for artificial rain made by violently
flirting & wet brush over them produced not the least
effect.

The revolving movement of a tendril is not stopped
by the curving of its extremity after it has been
touched. When one of the lnteral branches has firmly
cluspod an_objeet, the middle branch continues to
rovolve. When a stem is bent down and secured, so
that tho tendril depends but is left freo to moye, 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 revolying movement recom-
mences. T tried this four times ; the tendril generally
rose to a horizontal position in an hour or an hour and

x2

or
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a half; 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 rose to 23°
above the horizon and then recommenced revolving.
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.

A tendril does not long retain its revolving power;
and as soon as this is lost, it bends downwards and
contracts spirally. After the revolving movement
has ceased, the tip still retains for a short time its
sensitiveness to contact, but this can be of little 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 &
quarter, yet its sensitiveness to contact is o great that
it hardly ever fails to seize o thin stick placed in its
path. The following case surprised me much : T placed
o thin, smooth, eylindrical stick (md T repeated the
experiment seven times) so far from a 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 eurl twice
or even thrice round the stick, I at first thought
that this was due to rapid growth on the outside; but
by coloured points and measurements T proved that
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thero had been no sensible increaso of length within
the time. When a stick, flat on one side, was
similarly placed, the tip of tho tendril could not
curl beyond the flat surface, but coiled itself into
& helix, which, tuming to ono side, lay flat on the
little flat surfuce of wood. In one instance a portion
of tendril three-quarters of an inch in length was thus
dragged on to tho flat surface by the coiling in of the
helix. But the tendril thus acquires a very insecure
hold, and genrally after a time slips off. Tn one case
alone the helix subscquently uncoiled itsel, and the
tip then passed round and clasped the stick. The
formation of the helix on the flat side of the stick
apparently shows us that the continued striving of the
tip to ourl itself closely inwards gives the force which
drags the tendril round a smooth cylindrical stick.
Tn this latter case, whilst the tendril was slowly and
quito insensibly crawling onvards, I obscrved several
times through a lens that the whole surfaco was not in
closo contact with tho stick s and I can understand the
onward 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, alternate movement, which may be
compared to that of a strong man suspended by the
ends of his fingers to a horizontal pole, who works his
fingers onwards until ho can grasp the polo with the
palin of his hand. However this may bo, the fact is
cortain that a tendril which has caught a round stick
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with its extreme point, can work itself onwards until
it has passed twice or even thrice round the stick,
and has permanently grasped it.

Haburya Mericana.—The young internodes and
tendrils of this anomalous member of the family, revolve
in the same manner and at about the same rate as those
of the Kehinocystis. 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 become rapidly coiled into a ring owing to
a single touch, it straightened itself in 50 m. The
tendril, when in full action, stands vertically up, with
the projecting extremity of the young stem thrown a
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 o 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 same curious
manner as o the three branches of the tendril of the
Echinoeystis, namely, by stiffening themselyes at the.
proper point. The spur is therefore pressed laterally
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 caso of co-adaptation
here comes into play : in all the other tendrils observed.
by me, the several branches become sensitive at the
same period : had this been the case with the Hanburya,
the inwardly 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 o useless o injurious manner. But the
main branch of the tendril, after revolving for a time
in a vertical position, spontancously bends downwards ;
and in doing so, mises the spur-like branch, whicl
itself also curves upwards; so that by these combi
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 Jike any ordinary tendril.
But in the course of a fow days, the lower surfuce
swells and becomes developed into a cellular lay
which adapts itself closely to the wood, and firmly
adheres to it. This layer is analogous to the adhesive
dises formed by the extremities of the tendrils of
some species of Bignonia and of Ampelopsis; but
in the Hanburya tho layer is developed along the
terminal imer surface, sometimes for o length of
13 inches, and not at the extreme tip. The layer
is white, whilst the tendril s green, and near the
ip it is sometimes thicker than the tendril itself; it
generally spreads a little beyond the sides of the
tendril, and is fringed with free elongated clls, which
have enlarged globular or retort-shaped heads. This

d

for its adhesion to the wood was not lessened 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 a tendril has once firmly coiled itself round
a stick, it is difficnlt 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 one instance, in contaet
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 o the
plant.
The tendrils of Bryonia disica, Cucurbita ovifera,
and Cueumis satira are sensitive and revolve. Whether
the internodes likewise revolve I did not observe. In
Anguria Warscewiesii, the internodes, though thick
and stiff, revolve : in this plant the lower surface 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. Indica, which belongs to a different tribe of
fumily, the forked tendrils and the internodes re-
Yolve in periods between 2 hrs. 8 m. and 3 hrs. 85 m,
moving against the sun.
Tn this family and in_ the two following,
the Sapindacem and Passifloracer, the tendrils
ified flower-peduncles; and are therefore axial
in their nature. In this respect they differ from all
those previously described, with the exception, per-
haps, of the Cucurbitace. The homological mature,
however, of a tendril scems to make mo 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 a
peduncle (A), bearing two branches which diverge
equilly from it. One of the branches (B) has a
scalo at its buse; it is always, as fur s T have seen,
longer than tho other and often bifurcates. The
branches when rubbed become curved, and subse-

Tig.o.
Tondet of e Vioe.

A P oftndrl . Suorte besach.

i 5

quently straighten themselves. After a tendril has
clasped any object with its extremity, it contracts
spirally; but this does not 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 rata
of 2hrs. 15 m. During these movements a coloured
line, painted 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 spontaneously rovolyed
for a time, it bends from the light towards the dark:
Idomot state this on my own authority, but on that
of Mohl and Dutrochet. Mohl (p. 77) says that in o
vine planted against a wall the tendrils point towards
it, and in o vineyard generally more or less to the
narth.

The young internodes revolve spontaneously; but
the movement is unusually slight. A shoot faced a
window and T traced its course on the glass during
two perfoctly calm and hot days. On one of these
days it described, in the course of ten hours, a spire,
representing two and a half ellipses. I also placed
a bell-gluss over a young Muscat grape in the hot-
house, and it made each day three or four very small
oval revalntions; the shoot moving less than half an
from side to side. Had it not made at least threo

in
revolutions whilst the sky was uniformly overcast, T

should have attributed this slight degroe 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, as so generally oceurs
with twining plants.
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Varions authors (Palm, p. 55; Mohl, p. 45; Lindley,
&) believe that the tendrils of the vine are modified
flower-peduncles. T here give a drawing (fig. 10) of
the ondinary state of  young flower-stalk: it consists

g 0.
otk of e Vioe.

e 5

of the “common peduncle” (A); of the “floer-
tendril” (B), which is represented as baving caught
tvigs and of the “sub-peduncle” (C) bearing the

flower-buds. The whole moves spontancously, like a
true tendsil, but in o less degree; the movement,

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




140 TENDRIL-BEARERS. Cusr. IV,

however, is greater when the sub-peduncle (C) does
Dot bear many flower-buds. The common peduncle
(A) has not the power of clasping & support, nor has
the corresponding part of a true tendril. The flower-
tendril (B) is always longer than the sub-peduncle (C)
and has a scale at its base; it sometimes bifurcates,
and thercforo corresponds in every detail with the
longer seale-bearing branch (B, fig. 9) of the true
tendril. It 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-
soquently straightens itself; and it can, as is shown in
the drawing, securely clasp a support. I have seen
an object us soft as a young vineleaf caught by
one.

The lower and naked part of the sub-peduncle ()
is likewise slightly sensitive to a rub, and I 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
branch of an ordinary tendril, is well shown when it
bears only a few flowers; for in this caso it becomes
less branched, increases in length, and gains both
in sensitiveness and in the power of spontaneous
movement. I have twice seen sub-peduncles which
bore from thirty to forty flower-buds, and which had
becomo considerably clongated and were completely
wound round sticks, exactly like true tendrils. The
whole length of another sub-peduncle, bearing only
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eloven flower-buds, quickly became curved when
slightly rubbed; but even this scanty number of
flowers rendored the stalk less sensitive than the
other branch, that is, the flower-tendril ; for the latter
after a lighter Tub became curved more quickly and
in & greater degree. 1 have seen a sub-peduncle
thickly covered with flower-buds, with one of its
higher lateral branchlets bearing from some cau:
only two buds; and this one branchlet had becom
much elongated and had spontancously canght hold
of an adjoining twig; in fact, it formed u little sub-
tendril. The inereasing length of the sub-pedunc
(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 whole
is alvays 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 tendril 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
seen 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  true tendril. From
this state we can trace every stage till we come to
o fullsized perfect tendril, 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 few
flower-buds. For instance, on & 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 somevhat lessened

dogree. On vines in hothouses, so many flowers are
oceasiomally produced on the flower-tendrils that &
double bunch of grapes s the result; and this is techni-
cally called by gardeners a “ cluster.” Tn this state the
whole bunch of flowers presents scarcely any resem-
Blance to a tendril; and, judging from the facts already
given, it would probably possess little power of clasping
a support, or of spontancous movement, Such flover-
stalks closely resemble in structure those horne by
s genus, belonging to the same family of
v, produces welldeveloped tendrils and
y bunches of flowers ; but thercaro no gradations.
between the two states. If the genus Vit
unknown, the boldest believer in the modification of
specics would never have surmised that the sume
individual plant, at the samo period of growth,
would have yielded every possible gradation between
ordinary flower-stalks for the support of the flowers
and fruit, and tendrils used exclusively for climbing.
But the vine clearly gives us such a case; and it
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scoms to me as striking and curious an instance of
transition as can well be conceived.

Cissus diseolor—The young shoots show no more
movement than can beaccounted 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 diametor. Five circles were comploted

in the following times :—4 brs. 45 m,, 4 hrs. 50 m.,
4 hrs, 45 m., 4 hrs, 80 m, and 5 hrs. The same tendril
contines to revolve during threo or four days. The

tendrils are from 3} to 5 inches in length. They are
formed of u long foot-stalk, bearin,
which in old plants again bifu The two branches
aro not of quite equal length ; and as with the vine,
the longer one has a scale at its base. The tendril
stands vertically upwards ; the extremity of the shoot
being bent abruptly downwards, and this position is
probubly 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 u tendril borne at the end of
a long flexible shoot, sufficed to cause it to becomo
perceptibly eurved in four or five minutes. It becamo
struight again in rather above one hour. A loop of
soft thread weighing one-seventh of a grain (925 mg.)
was thrice tried, and each time caused the tendril to
become ourved in 80 or 40 m. Half this weight pro-
duced no effect. The long foot-stalk is much less

wo short branches,
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sensitive, for a slight rubbing produced no effect, ale
thongh prolonged contact with a stick eaused 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 sidos. 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 side alone,
and theso when lightly pressed botween the finger and.
thumb become curved but on thus pinching many
times the tendrils of the Cissus 1o curvature ensued,
and I falsely inferred at first that they were not at all
itive.

Cissus antaretious.—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 last species; but they made two revolutions, fol-
lowing the sun, rather more rapidly, viz. in 3 hrs. 30m.
end 4 hrs, The internodes do not revolye.

Ampelopsis hederacea (Virginian Creeper)—Theinter-
nodes. apparently do not move more than can_be
acconnted 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 lteral branches, which have
their tips curved, as may bo seen in the upper figure
(fig.11). They exhibit 1o true spontaneous revolving

s
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movement, but turn, as was long ago observed by
Andrew Knight,* from the light to the dark. T have
scen several tendrils move in less than 24 hours, through
an angle of 180° to the dark side of a case in which
u 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
less sensitive to a touch than any others observed by
me. By gentle 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 seemed to have hardly any power of again
straightening themselves. The tendrils of a plant which
hiad crawled over a large box-tree clsped soveral of the
branches ; but T have repeatedly seen that they will
withdraw themselves after soizing a stick. When they
meet with o flat surface of wood or a wall (and this
is evidently what they are adupted for), they tum
all their branches towards it, and, spreading them
widely apart, bring their hooked tips laterally into
contact with it. In effecting this, the several branches,
after tonching the surfuce, often rise up, place them-
selyes in a new position, and again come down into
contact with it.

Tn the courso of abont two days after o tendril has
arranged its branches so as to press on any surface, the
curved tips swell, become o bright rd, and form on

* Trans. Phil. Soe. 1812, p. 314,
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their under-sides the well-known little discs or cushions
with which they adbere firmly. Tn 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
24 hirs. wero firmly attached to a smooth board ; and
lastly, the tips of a younger tendsil not only swelled
but became attached to a stuccoed wall in 42 hrs,
These adhesive discs resemble, except in colour and
in being larger, those of Bignonia capreolata. When
they were developed in contact with a ball of tow, the
separately enveloped, but not in so effective
ner as by B. capreolata. Dises aro never de-
veloped, us far as T have seen, without the stimulus of
at least temporary contact with somo object.* They
are generally first formed on one side of the curved tip,
the whele of which often becomes so much changed.
in appearance, that a line of the original green tissue
can be traced only along the concave surface.  When,
however, o tendsil has clasped a eylindrical stick, an

fibres were.
& m

inner surfuce at some little distance from the eurved
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tip; this was also observed (p.71) by Mobl. The discs
consist of enlarged cells, with smooth projecting hemi-
spherical snrfuces, colonred red ; they are at first gorged
vith fluid (see section given by Mohl, p. 70), but
ultimately become woody.

As the dises soon adhero firmly to such smooth
surfuces s planed or painted wood, or to the polished
leaf of the ivy, this alone renders it probable that
some cement is secroted, as has boen asserted to be
the’easo (quoted by Mobl, p. 71) by Malpighi. I
removed a number of dises formed during the previous
year from a stuccoed wall, and left them during many
hours, in warm ater, 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 a few hours. This seems o prove
that some resinous cement is secre

The quantity
however, must be small; for when a plant uscended
a thinly whitewashed wall, the dises adhered firmly to
the whitewash ; but as the cement never penctrated
the thin lyer, they wero casily withdmwn, together
with little scales of the whitewash. It must not be
supposed that tho attachment is effected exclusively
by the cement ; for the cellular outgrowth completely
envelopes every minute and irregular projection, aud
insinuates itself into every crevice.

A tendril. which has not become attached to any
body, docs not contract spirally ; and in course of
L2

Darwin Online: By permission of the Trustees of the Natural History
BN e 0l crddon)



148 TENDRIL-BEARERS. Cur 1V

week or two shrinks into the finest thread, withers and

i
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drops off.  An attached tendril, on the other hand, ]
contracts spirally, and thus becomes highly elastic, so
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that when the main foot-stalk is pulled the strain is
distributed equally between all the attached discs.
For a fow days after the attachment of the discs, the
tendril remains weak and brittle, but it rapidly inereases
in thickness and acquires great strength, During the
following winter it ceases to live, but adheres firmly in
& dead state both to its own stem and to the surface of
attachment. In the accompanying dingram (fig. 11.)
wo see the difference between o 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 us 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 samo manner as does the
whole tendsil if unattached. The gain in strength
and durability in o tendril after its attachment is
‘something wonderfol. There are tendrils now adh
to my house which are still strong, and have o
exposed to the weather in a dead state for fourteen or
fifteen years. One single lateral branchlet of u tendril,
estimated to be at least ten years old, was still clastic
and supported n 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 !

Ratimomies —In this
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family, as in the last, the tendrils are modified flower-
peduncles. In the present plant the two lateral
branches of the main flower-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 4} inches in
length. Near the summit, above two little bracts, it
divides into three branches. The middle one divides

¥ig 12,
e s
Upper part o the Boweredicle wth s two tendel,

and re- 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 become more than an inch in length. They
taper to a point and aro fattencd, with the lower
claspi destitute of hairs. At first they project
straight up; but soon diverging, spontancously curl
downwards 50 85 to become symmetrically and elegantly
hooked, as represented in the diagram. ~They are now,
whilst the flower-buds are still small, ready for
action,

vides, and bea

=
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The two or three upper internodes, whilst y.
steadily revolve ; 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 circles were completed in 8 hrs. 41 m. ; in o third
plant, the internodes followed the sun and made two
circles in 8hrs. 47m. The average rate of these six
revolutions was 1hr. 46m. The stem shows no
tendency to twine spirally round a support; but the
allied tendril-bearing genus Paullinia is said (Mobl, p.
4) o be a twiner. The flower-peduncles, which stand
up above the end of the shoot, are carried round and
round by the revolving movement of the internodes ;
and when the stem is securely tied, the long and
thin flower-peduncles themselyes are scen to be in
continued and sometimes rapid movement from side
toside. They sweep a wide space, but only occasion-
ally revolve in a regular elliptical course. By the
combined movements of the internodes and peduneles,
one of the two short hooked téndrils, sooner or later,
catches hold of some twig or branch, and then it curls
round and securely grasps it. These tendsils are, how-
ever, but slightly sensitive; for by rubbing their under
surface only a slight movement is slowly produced.
T hooked a tendril on to a twig ; and in 1hr. 43 m. it
was curved considerably inwards; in 2hrs. 30m. it
formed @ ring; and in from 5 to 6 hours from being
first hooked, it closely grasped the stick, A second
tendril acted at nearly the same rate; but I observed
one that ook 24 hours before it curled twice round &
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thin twig. Tendrils which have canght nothing, spon-

tancously curl up to a close helix after the inter-
val of several days. Those which have curled round
some abject, soon become a littlo thicker and tougher.
The long and thin main peduncle, though sponta-
neously moving, is not sensitive and never clasps a
support. Nor does it ever contract spirally,® although .
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, are of enormous size (hence its English
name of balloon-vine), and as two or three are carried
on the sume peduncle, the tendrils rising elose to
them may be of service in preventing their being
dashed to pieces by the wind. Tn 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
twotendrils 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
onght to have been modified into tendrils, produced
flowers like the central branch, and had quite lost
their tendril-structure,

Thae seen, but was not enabled earcfully to observe,
only one other climbing Sapindaceous plant, namely,

ot e mnesEESE
lmh&pmlly,whm s requentl

rs pubrwtiep
m.«..mny-ml-unmu and Ilwyl-nhmlh-.
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Paullinia. 1t was not in flower, yet bore long forked
tendrils. So that, Paullinia, with respect to its tendzils,
appears to bear the same relation to Cardiospermum
that Cissus does to Vitis.

Passirronacem—After reading the discussion and
fucts given by Mohl (p. 47) on the nature of the
tendrils in this family, no ono can doubt that they are
modified flower-peduneles.  The tendrils and  the
flower-peduncles rise closo side by side; and my son,
William E. Darwin, made skotches for me of their
carliest state of development in the hybrid P. floribunda.
The two organs appear at first as asingle papilla which
gradually divides; so that the tendril appears to be a
modified branch of the flower-peduncle. My son found
ono very young tendril surmounted by traces of floral
organs, exactly like thoso on the summit of the truo
flowor-peduncle at the same carly ago.

Passiflora gracilis.—This well-namod, elegant, annnal
specics. differs from the other members of the group
observed by me, in the young internodes having the
power of revolving. It exceeds all the other climbing
plants which T liave examined, in the mapidity of its
‘movements, and all tendril-bearers in the sensitiveness
of the tendrils. The internode which carries the upper
active’ tendril and which likewise carrics one or two
younger immature internodes, made three revolutions,
following the sun, at an ayerage rate of 1hr. 4m.; it
then made, the day becoming very hot, three 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. Theapex onhmndmdmnbum
ellipses, sometimes narrow and sometimes broad, with
their longer axes inclined in slightly different direes
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.

n the stem is secured, the tendrils are seen to
nearly the same manner and at the same
rate as the internodes.* 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 s not sensitive; but
when nearly full-grown they are extremely sensitive,
A single delicate touch on the concave surfuce of the
tip soon cansed one to curye; and in 2 minutes it
formed an open helix. A loop of soft thread weighing
1 of & 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 (123
mg.) twice produced the sume effect; but this latter
weight, when left suspended, did not suffice to cause a.
permanent curvature, These trials were made under
a bell-glass, so that the loops of thread and wire were

temperaturo varying from 8°-92°
hr.) in the following - times,
40 1, 45 m., 9} m, and 46 m
thaa those of P. graeilis; four Ope halCrovolution was per~
olutions were completed (the  formed in 15 .
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not agitated by the wind. The movement aftera tonch
is very rapid : I took hold of the lower part of several
tendrils, 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—31, 25, 32,31, 28, 39, 31, and 30 seconds ; so
that the movement was generally perceptible in half o
minute after a touch; but on one occasion it was
distinetly visible in 25 seconds. One of tho tendrils
which thus became 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 same tendril would
bocome curved when tonched, T kept a plant in my
study, which from being cooler than the hot-house was
not very favourable for the experiment.  Tho extremity
was gently rubbed four or five times with a thin stick,
and this was done as often as it was observed to have
become nearly straight again after having been in
action ; and in the course of 54 hrs. it answered to the
stimulus 21 times, becoming each time hooked or
spiral. On the last occasion, however, the movement
was very slight, and soon afterwards permanent spiral
contraction commenced. No trials were made 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
repeated efforts,
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I repeated the experiment mado on the Eehinoeystis,
and placed several plants of this Passiflora 50 close
together, that their tendsils were ropeatedly dragged
over cach other; but no curvature ensued. 1 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 felt far more distinetly on my hand than that from
the loops of thread (weighing synd 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 cither huve become habituated to the touch of
other tendrils and drops of rain, or that they were from
rendered sensitive only to prolonged thongh
y slight pressure of solid objects, with the
exclusion of that from other tondrils. 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 o Mimosa to close; whereas the loop of
thread weighing Jond of a grain, when rolled intoa
ball and placed gently on the glands at the bases of
the leaflots of the Mimosa, caused no action.
Passiflora_punetata.—Tho internodes do not move,
but the tendrils revolve regularly. A half-grown and
very sensitive tendril made three revolutions, opposed
to the course of the sun, in 3hrs. 5., 2hrs. 40m,
and 2brs. 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, as with twining stems, the
light accelorated the movement of the tendril in one
direction and retarded it in tho other; the semicircle
towards the light being performed in one instance in
15 m.lesstime and in o second instance in 20 m. less time
than that required by the semicircle towards the dark
end of the room. Considering the extreme tenuity of
these tendrils, the action of the light on them is
remarkablo, The tendrils are long, and, as just stated,
very thin, with the tip slightly curved or hooked.
The coneave sido s extremely sensitive o a touch—
even a single touch causing it to curl inwards; it
subsequently straightened itself, and was again ready
toact. A loop of soft thread weighing ylith of u grain
(44625 mg.) caused tho extreme tip to ben
time I tried o hang the same ittle loop on an inclined
tendril, but three times it slid off; yet this extra-
ordinarily slight degree of friction suficed to make the
tip curl. The tendril, though so sensitive, does not
move very quickly aftera touch, no conspicuous move-
ment being observable until 5 or 10 m. had elapsed.
The convex side of the tip s not sensitivo to a touch
or to a suspended loop of thread. On one oceasion I
observed a tendril revolving with the convex side of
the tip forwards, and in consequence it was not able
to clusp a stick, against which it scraped ; whereas
tendrils revolving with the concave side forward,
promply seize uny object in their path.
Passiflora.quadrangularis.—This is a very distinct
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species. The tendrils are thick, long, and sti
are sensitive to a touch only on the coneave 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 & eool room
one was completed in 3 hrs, and a second in 4 hrs,
The internodes do not revolve; nor do thoso of the
hybrid P. floribunda,

Tacsonia manicata—Here again the internodes do
not revolve. The tendrils are moderately thin and
long; one made a narrow ellipse in 5 hrs. 20 m, and
the next day a broad ellipse in 5 brs. Tm. The
v being lightly rubled on the concave surfuee,
curved in 7 m., distinetly in

20m.
have scen that the tendrils in the last three
families, namely, the Vitacew, Sapindaces and Passi-
. peduncles, This is like-
wite the cas, ascarding 1o d)a el AN (0 quoted
by Mohl), with the tendrils of Brunnichia, one of the
Polygonacew. In two or three species of Modecea, one
of the Papayacew, the tendrils, as T hear from
Prof. Oliver, occasionally bear flowers and fruit; so
that they are 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 ina
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 trace of
it in the potioles of Tropeolum tricalorum. 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.
Sooondly and thirdly, Bignonia unguis with its close
allies, and Cardiospermum; but their tendrils are so
short that their contraction could hardly occur, and
wonld be quite superfluous.  Fourthly, Smilar aspera
offers @ more marked exception, as its tendrils are
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. T have seen
no other exceptions to the rule that tendrils, after
elusping with their extremities a support, undergo
spiral contruction. When, however, the tendril of a
plant of which the stem is immovably fixed, catches
some fixed object, it does not contract, simply because
it connot; this, however, mrely oceurs. In the
common Pea the lateral branches alone contract, and
not the central stem; and with most plants, such as
the Vine, Passiflora, Bryony, the basal portion never
forms u spire.

T have said that in Corydalis elavieulata the end of
the leaf o tendril (for this part may be indifferently
50 called) does mot contract into a spire. The
branchlets, however, after they have wound round
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thin twigs, become deeply sinuous or zigrg.

over the whole end of the petiole or tendril, i it seizes
nothing, bends after a time abruptly downwards and
inwards, showing that its outer surface has gone on
growing after the inner surface has ceased to. grow,
That growth is the chief cause of the spiral contrae-
tion of tendrils may bo safely admitted, as shown by
the recent researches of H. de Vries. T will, however,
add one little fact in support of this conclusion.

If the short, nearly straight portion of an attached
tendsil 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-
spicuons 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 same time
foreibly prevented from becoming curved. So again
the whole outer surface of a spirally wound tendsil
wrinkled if it be pulled straight. Nevertheless,
atraction travels from the extremity of &
tendril, after it has been stimulated by contact with &
support, down to the base, T cannot. avoid doubting,
sons presently to be given, whether the whale
effect ought to be attributed to growth. An unattached
tendril 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 a little lateral, or if the
process begins near the base, the terminal portion can-
not be rolled up within the basal portion, and the

becomes

as the
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tendril then forms a more or loss open spire. A
similar result follows if the extremity has caught
some object, and is thus held fast.

The tendrils of many kinds of plants, if they catch
nothing, contract after an interval of several days or
weeks into a spire; but in these cases the movement
takes place after the tendril has lost its revolving
power 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 wnattached
tendrils is a much slower process than that of attached
ones. Young tendrils which have caught a support
and are spirally contracted, may constantly be seen on
the same stem with the much older unattached and
uncontracted tendrils, In the Echinocystis T have seen a
tendril with the two Interal branches encireling twigs
and contracted into beautiful spires, whilst the main
branch which had caught nothing remained for many
days straight. Tn this plant T once observed a main
branch after it had canght a stick become spirally
flexuons in 7 hrs,, and spirally contracted in 18 hrs.
Generally the tendrils of the Echinocystis begin to
contract in from 12 hrs. to 24 hrs. after catehing
some object ; whilst unattached tendrils do not begin
1o contract until two or three or even more days after
all revolving movement has ceased. A full-grown
tendril of Passiflora quadrangularis which had canght
@ stick began in 8 hrs. to contract, and in 24 hrs.
formed several spires; o younger tendril, only two-
thirds grown, showed the first trace of contraction in

3 x
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two days after clasping a stick, and in two more
days formed several spires. It appears, therefore, that
the contraction does not begin until the tendril is
grown to nearly its full length. Another young
tendsil of about the same age and length as the last
did not catch any object; it aequired its full length
in four days; in six additional days it first became
flexuous, and in two more days formed one come
plete spire. This first spire was formed towards the
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
clapsed from the first observation, that is, until 17
duys after the tendril had grown to its full length.
The spiral contraction of tendrils is quite indepens
dent of their power of spontancously revolving, for it
oceurs. in tendrils, such as those of Lathyrus gras
lorus wnd Ampelopsis hederacea, which Pl
It is not necessarily related to the curling of the tips
round o support, as we see with the Ampelopsis and
Bignonia capreolata, in which the development of
adherent dises suffices to cause spiral contraction.
Yet in somo cases this contraction seems comnected
with the curling or clasping movement, due to contact
with a support; for not only does it soon follow this
act, but the contraction generally begins close to the
curled extremity, and travels downwards to the base.
If, however, a tendril be very slack, the whole length.
almost. simultaneously becomes 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 Bignonia,
which consist of modified leaves, and with those of
three genera of the Vitacewm, which are modified flower-
peduncles. But in the great majority of cases, tendrils
which have never come in contact with any objet,
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
tendril, are phenomena not necessarily connected.
The spiral contraction which ensues after a tendril
has caught 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 inelined 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
slack, were it not {for 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
branehlet of the tendril of Cobwa catches a stick, we
have seen how well the spiral contraction suceessively
brings the other branchlets, one after the other, into
contact with the stick, until the whole tendril grasps
it in an inextricable knot. When a tendril has caught
a yielding objeet, 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
cannot break separately. Tt is this elasticity which pro-
tects both branched and simple tendrils from being torm
away from their supports during stormy weather. 1
have more than once gone on purpose during a gale to
wateh 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

lastic, 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 a long range of eable ahead to serve
s  spring as she surges to the storm,

When an unattached tendril contracts spirally, the
spire always runs in the same direction from fip to
buse. A tendril, on the other hand, which has canght
a support by its extremity, althongh the same side is
concave from end to end, invariably becomes tisted
in one part in one direction, and in another part in the
opposite direction; the oppositely turned 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.* It
oceurs without exception with all tendrils which after
catching an object contract spirally, but is of course
most conspicuous in the longer tendrils. It never
ocenrs 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 13

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

* Seo M. Tyid. Léon in Bull. ind fno & wire, whih, sinoo
ot ril s mado fust ot both
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in opposite directions, with straight pieces between
them; and M. Léon has scen seven or cight such
alternations. Whether the spires turn once or more
than once in opposite directions, there are as many
urun T the i Giioon Uaain 1
instance, T gathered ten attached tendrils of the
Bryony, the longest vith 83, and the shortest with
only 8 spiral turns; and the number of turs in tho
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. L will not attempt any geometrical reasoning,
but will give only a practical illustration. In doing
this, T shall first have to allude to a point wh

ich was
almost passed over when treating of Twining-plants.
1f we hold in our left hand & bundle of parallel strings,
we can with our right hand tum these round and
round, thus imitating the revolving movement of a
twining plant, and the strings do not become twisted.
But if we hold at the sume time a stick in our

left hand, in such a position that the strings become
spirally turned round it, they will inevitably become
twisted. Hence a straight coloured line, painted along.
the internodes of a twining plant before it has wound
round a support, becomes twisted or spiral after it has
wound round. I painted a red line on the straight
internodes of a Humulus, Mikania, Ceropegia, Con=
wolowdus, and Phaseolus, and saw it become twisted as
the plant wound round a stick. It is possible that
the stems of some plants by spontaneously turning on

it
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their own axes, at the proper rate and in the proper
dircetion, might avoid becoming twisted; but I have
seen no such ease.

Tn the above illustration, the parallel stri
wound round a stick; but this is by no m
sary, for if wound into a hollow coil (as can be done
with o narmow slip of elastic paper) there is the same
inevitable twisting of the axis. When, therofore, a free
tendsil. coils itself into a spire, it must either become
twisted along its whole length (and this never occurs),
or the free extremity must turn round as many times
as there are spires formed. Tt was hardl
to observe this fact; but T did so by afiixing little
paper vanes to the extreme points of the tendrils of
Eelinocystis and Passiflora quadrangularis; wnd as
the tendril contracted itself into successive spires, the
vane slowly revolved,

We can now understand the meaning of the spires
being invariably turned in opposite directions, in
tendrils which from having canght some object are
fixed at both ends. Let us 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 axis, This twisting
would not only require considerable force, but, as T
Jenow by trial, would burst the tendril before the thirty
turns were completed. Such cases never really oceur;
for, as already stated, when & tendril has canght &
support and is spirally contracted, there are always
a8 many turns in one direction as in the other; so that

were

ans meces-

necessary
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the twisting of the axis in the one direction 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 o to the left, which are first made. Take
a piece of string, and let it hang down with the lower
ond fixed to the floor; then wind the upper end
(holding the string quite loosely) spirally round u per-
pendicular pencil, and this will twist the lower part of
the string ; and after it has been sufficiently twisted, it
will be seen to eurve itself into an open spire, with the
curves running in an opposite direction o thoso round
the pencil, and consequently with a straight picce of
string between the opposed spires. In short, we haye
given to the string the regular spiral arrangement of o
tendril caught at both ends. The spiral contruction
generally begins at the extremity which has clasped o
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. I cannot resist
giving one other illustration, thongh superfluous
when a haberdasher winds up ribbon for a customer,
he does ot wind it into a single coil ; for, if he did,
the ribbon would twist itself s many times as there
cre coils; but he winds it into a figure of eight on
his thumb and little finger, so that he alternately
takes turns in opposite dircetions, and thus the ribbon
is not twisted. 8o it s with tendrils, with this sole
difference, that they take several consecutive turns in
one direction and then the same numberin an 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
internodles revolve in more or less broad ellipses, like
those made by twining plants; but the figures de-
soribed, when carefully traced, generally form irregular
ellipsoidal spires. The rate of revolution varies from
one to five hours in different species, and consequently
is in some cases more rapid than with any twining
plant, and is never so slow s with those many twiners
which take more than five hours for each revolution.
The direction is variable even in the sume individual
plant. In Passiflora, the internodes of only one
species 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
Ecoremocarpus the movement is interrupted by many
loug 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 stiffess 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 the
tendrils into contact with surrounding objects.

The tendrils themselves also spontaneously revolve.
The movement begins whilst the tendril is young, and
isat first slow. The mature tendrils of Bignonia littoralis
move much slower than the internodes. Generally,
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the internodes and tendrils revolve together at the
same rate ; in Cissus, Cobea, and most Passiflorm, the
tendrils alone revolve; in other cases, as with Lathyrus
aphaca, only the internodes move, carrying with them
the motionless tendrils; and, lastly (and this is the
fourth possible case), neither internodes nor tendrils
spontancously revolve, as with Lathyrus grandifloru
and Ampelopsis, In most Bignonias, Eccremocarpus,
Mautisia, and the Fumariacesw, the internodes, petioles
and tendrils all move harmoniously together, In
every case the conditions of life must be favourable in
oriler that the different parts should act in a perfeet
manne

Tendrils revolye by the curvature of their whole
length, excepting the sensitive extremity and the
buse, which parts do mot move, or move but little,
The movement is of the same nature as that of the
revolving internodes, and, from the observations of
Sachs and H. de Vries, no doubt is due to the same
amely, the rapid growth of a longitudinal band,
which travels round the tendril and successively bows
cach 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 conves.
This experiment can be tried only on the thicker
tendrils, which are not affected by a thin crust of
dried paint. The extremities are often slightly curved
or hooked, and the curvature of this part is never
reversed ; in this respect they differ from the ex-
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tremities of twining shoots, which not only reverse
their curvature, 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 ono of several revolving internodes, which all
move togother 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,
5008 to bo out of the way of the rovolutions 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 Hehinocystis, as soon as the tendril
comes in its revolving coursa to this point, it stiffens
and struightens itself, and thus rising vertically up
passes over tho obstacle in an admirable manner.

All tendrils are sensitive, but in various degrees, to
contact with an object, and curve towards the touched
side.  With several plants a single touch, so slight as
only just to move the highly flexible tendril, is enongh
to induce curvature. Passiflora gracilis possesses tho
most sensitive tendrils which I have observed : . bit
of platina wire gth of a grain (123 mg) in weight,
gently placed on the concave point, cansed a tendril
10 become hooked, as did a loop of soft, thin cotton
thread wughmg dand of a grain (202 mg) With tho

of several other plants, loops weighing (Lsth 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 a 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 a quarter
or half; and with Ampelopsis still more slowly.
The curling movement consequent on a single touch
coutinues to increase for o considerable time, then
ceases ; after a few hours the tendril uncurls itself, and
is again ready to act. When the tendrils of several
kinds of plants were caused to bend by extremely
light weights suspended on them, they seemed to grow
aceustomed to so slight a stimulus, and straightened
themselves, us if the loops had been removed. It
makes no difference what sort of object a tendril
touches, with the remarkable exception of other ten-
drils and drops of water, as was observed with the
extremely sensitive-tendrils of Passiflora gracilis and
of the Echinocystis. I have, however, seen tendrils
of the Bryony which had temporarily caught other
tendrils, and often in the caso of the vine.

Tendrils of which the extremitics are permanently
and slightly curved, are sensitive only on the concave
surfuce; other tendrils, such ns those of the Cobia
(though furnished with horny hooks directed to one side)
and those of Cissus discolor, are 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 spurlike
branch dos not acquire (for excellent reasons which
have boen explained) its sensitivencss nearly so
soon as the main branch, With most tendrils the
lower or basal part is cither not at all sensitive, or
sensitive only to prolonged contact. We thus see
that the sensitiveness of tendrils is a special and
localizod capacity. Tt is quite independent of the
power of spontancously revolving; for the curling of
the terminal portion from a touch does not in the least
interrupt the former movement. In Bignonia unguis
and its close allies, the petioles of the leaves, as well
as the tendrils, are sensitive to a touch.

Twining plants when they come into contact with
stick, curl round it invariably in the direction of their
revolving movement; but tendrils curl indifferently
to either side, in accordance with the position of the
stick and the side which is first touched. The clasping
movement of the extremity is apparently not steady,
but undulatory or vermicular in its nature, as may be
inferred from the curious manner in which the tendrils
of the Fehinoeystis slowly erawled round a smooth
stick.

As vith @ few exceptions tendrils spontancously
vevolye, 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 so flexible and thin, that when brought
into contact with any object, they would almost
certainly yield and be dragged onvards by the revoly-
ing movement. Morcover, the sensitive extremities
have no revolving power as far ns 1 have observed,
and could not by this means curl round u support.
With twining plants, on the other hand, the extremity
spontanconsly bends more than any other part; and
this is of high importance for the ascent of the plant,
asmay be seen on a windy day. 1t 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 T hardly attended sufficiently to this point, and it
would havo been difficult to distinguish between
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 three-fourths grown, and
perhiaps even at an carlier age, but not whilst extremely
young, have the power of revolying and of grasping
any object which they touch. These two capacities
are generally acquired at about the same period, nd
both fail when the tendril is full grown. But in
Cobwa and Passiflora punctata the tendrils begin to
revolve in o 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; in this
position, even if they were able to seize an object, such
power would be of no service in supporting the stem.
It is a mare circumstance thus to detect any super-
fhuity or imperfection in the action of tendrils—organs
which are so excellently adapted for the functions
which they have to perform ; but we seo that they are
not always perfect, and it would be rash to assume
that any existing tendril has reached the utmost limit
of perfection. y

Some tendrils have their revolving motion aco
or retarded, in moving to or from the light; others,
a5 with the Pea, seem indifferent 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 capreolata bend
from the light to the dark as truly as a wind-vane from
the wind. In the Ecoremocarpus the extremities alone
twvist and turn about so as to bring their finer branches
and hooks into close eontact with any dark surface, or
into erevices 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 lntely,
that nothing need here be repeated on the subject.
Tendrils soon after catching a support grow much
stronger and hicker, and sometimes more durable to a
wonderful degree; and this shows how much their
internal tissues wust be changed. Occasionally it is

lerated
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the part which is wound round a support which
chiefly becomes thicker and stronger; T have soen,
for instance, this part of u tendril of Bignonia aqui-
noctialis twice as thick and rigid as the free basal part,
Tendrils wh.eh have canght nothing soon shrink and.
wither some species of Bignonia they disarti-
culate .....1 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 hick-
ness, whatever its nature may bes But the genus
Bignonia shows us what diversity of action thero may
be between the tendrils of closely allied species. In
all the nine species observed by me, the young in-
temnodes revolve vigorously; the tendrils also re-

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 fo contact.
In the first-deseribed species, the tendrils resemble
in shape a bird's foot, and they are of no service to the
stem in spirally ascending o thin upright stick, but
they can seize firm hold of a twig or branch, When

Sachn, lowever (“Text-Bock  adapted to clasp supports of
oflltany T Traion, 57, diflret i, T e
7250, has shown that which shows that ofter a tendril bas

F oeraco, narel, that e | elagped  seppte 1 st
tendrils of diffrent specics are tightens s 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 tendril winds round it. In B. unguis the petioles
are more sensitive, and havo greater power of move-
ment than those of the lst species; they are able,
together with the tendrils, to wind inextricably round
a thin upright stick; but the stem does not twine
50 well. B. Tucedyana has similar powers, but in
addition, emits azrial roots which adhere to the wood.

. venusta the tendrils are converted into elongated
threc-pronged grapnels, which move spontaneonsly in
a conspicuous mamner; the petioles, however, have lost
their sensitiveness. The stem of this species can twine
round an uptight stick, and is aided in its ascent by
the tendrils seizing the stick alternately some way
above and then contructing spirally. Tn B, littoralis
the tendrils, petioles, and internodes, all revolve spon-
tancously The stem, however, cannot twi
an upright stick by seizing it above with both tendrils
together, which then contract into a spire. The tips
of these tendrils become developed into adhesive discs.
B. spociosa possesses similar powers of movement as
the last species, but it cannot twine round o sticl
thogh it can nscend 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 seews to us in our ignorance useless. Tastly,

e, but ascends

~
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the stem of B, capreolata twines imperfectly; the much-
Dranched tendrils revolve in a capricious manner, and
bend from the Jight to tho dark;  their hooked ex-
tremities, even whilst immature, erawl into creviees,
and, when mature, scize any thin projecting point;
in cither case they develop adhesive discs, and these.
lve the power of enveloping the finest fibres.
In the allied Eccremocarpus the internodes, petioles,
and much-branched tendrils all spontaneously revolye
The tendrils do not as & whole turn from
the light; but their bluntly-hooked extremities arrnge
neatly on any surface with which they
come into contact, apparently so as o avoid the light.
ey act best when each branch seizes a few thin
stems, like the culms of a grass, which they after-
wards draw together into o solid bundle by o spiral
contruction of all the branches. Tn Cobwa the
branched tendrils alone revolve; thé:branches
sharp, hard, double, little hooks, with
cted to the same side; and these turn
d movements to any object with which
to contact. The tips of the branches
0 cravl into dark erevices or holes. The ten
and inte
of

themsely.

e
both points di

ninat

by well

nodes of Ampelopsis have Tittle or no power
olving; the tendrils are but little sensitive to
their hooked extremities cannot seize thin
they will not even clasp a stick, unless in
extremo need of a support; but they tum from the
light to the dark, and, spreading out their branches in.
contact with any nearly flat surfuce, develop dises.
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These adhere by the secretion of some cement to
wall, or even to a polished surfaco; and this is more
than the dises of the Bignonia caprealata can effect.
The rapid development of these adherent discs is
one of the most remarkable peculiaritics possessed by
any tendrils, Wo have seen that such dises are formed
by two species of Bignonia, by Ampelopsis, and,
aceording to Nandin,* by the Cucurbitaccons genus
Peyonopsis adliwrens. Tn Anguria the lower sutface of
the tendril, after it has wound round a stick, forms
« coarsely cellular layer, which closely fits the wood,
but is not adherent; whilst in Hunburya a similar
layer is udlierent. The growth of these cellular ont-
tin the caseof the.
o0 e of Arupelopeis) on th stsualus from
contact, 1t is a singular fact that llm-u familics, so
widely distinet as the Bignonincew, Vitacew, and
Cueurbitacer, 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-
volving mutation, the bending to and from the light,
and in opposition to gravity, those caused by a tonch,
and spiral contruction. Tt rash to differ from so great
an authority, but I eannot believe that one at leust of

'Amh_&)hl.mllbnﬂnhmxn p.m
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these movements—curvature from a touch—is thus
caused.® Tn the first place it may be remarked that the
moyement of nutation differs from that due toa touch,
inso fr that in some cases the two powers are acquired
by the same tendril at different periods of growth;

and the sensitive part of the tendril does not seem
capable of nutation, One of my chief reasons for doubt-
ing whether the curvature from o touch is the result
of growth, is the extraordinary rapidity of the move-
ment. T have seen the extremity of a tendril of
Passiflora gracilis, after being touched, distinetly bent
in 25 seconds, and often in 30 seconds; and so it is
with the thicker tendril of Sicyos. It appears hardly
credible that their outer surfaces could have actually
grown in. length, which implies a permanent modifiea-
tion of structure, in so short a time. The growth,
moreover, on this view must be considerable, for if the
touely has been at all rough the extremity is coiled
in two or three minutes into a spire of several turns.

When the extreme tip of the tendril of Echinocystis
canght hold of a smooth stick, it coiled itself in &
few hours (as described at p. 132) twice or thrice round

I ot i the it 1 el nly n b
utation. and that  scrving that both tawers
gt b difeatly ol by copomine e 1) b

presenco of absorbent glands i
th ltter plat
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the stick, apparently by an indulatory movement. At
first T attributed this movement to the growth of the
outside; black marks were therefore made, and the
interspaces measured, but T could not thus detect any
increaso in lngth. Hence it scems probable in this
case and in others, that the curvature of the tendril
from a touch depends on the contraction of the cells
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, a
“ considerable acceleration oceurs on the convex sur
“ face, but in general there is no elongation on the
« goneave surface, 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.”
Tu o subsequent passage Sachs seems to feel some diff
culty in accounting for this kind of contraction. It
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 sole reason for the belief that the eurvature of

* “Toxt-Book of Botany, 1873, p. 770,
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atendril 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'y
but this fact is intelligible, if we bear in mind that all
the functions of u tendril are adapted to drag up the
terminal growing shoot ‘towards the light. Of what
use would it be, if an old and fall-grown tendril,
arising from the lower part of  shoot, were to rotain
its power of clasping a support? This would be of
no use; and we have seen with tendrils so many in-
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
nselessly retain such power beyond the proper age.
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CHAPTER V.
Hoox Ao Roar-Guesrems—Coserrunyo Texsus,

‘Plants linbing by the id of hooks, or merely serambling over ofber

sk liber,aleive e e 1y th sl

e codmins vl et o linbin o o a sages

o "
Hook-Climbers—Tn my introductory remarks, T stated
that, besides the two first great classes of climbing
plants, namely, those which twine round a support,
and those endowed with irritability enabling them to
scize hold of objects by means of their petioles or
tendrils, there are two other classes, hook-climbers and.
root-climbers. Many plants, morcover, as Fritz Miller
has remarked,* elimb or scramble up thickets in a still
‘more simple fashion, without any special aid, excepting
that their loading shoots are generally long and flexible.
1t may, however, be suspected from what follows, tha
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

& Joural of Lin S, vl i, plaats growing benoth fher
248, P o M

lx spocien or

remarked (‘o Sachen Darwin's,  thoso whieh would be dmlup«l

insbesouders contra Wigand  into- climbers: and su

1874, p. 106) that it is ighly from stretching n.“x.u.kum.
‘and from ot

prodoco thin, conguted ard lxi- by tho wind, tend o produce long,

e stema. He further remarks that  thin and flexible shoots,
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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 class
of Twiners ; for some twiners are furnished with spines
or hooks, which aid them in their ascent. For instance,
the Hop, which is a twiner, has reflexed hooks as large
as thoso of the Galium ; some other twiners have stiff
reflexed hairs; and Dipladenia has u circle of blunt
spines at the buses of its loaves. -T have seen only
one tendril-bearing plant, namely, Smilaz aspera, which
is fumished with reflexed spines; but this is the caso
h several branch-climbers in South Brazil and
Ceylon; and their branches graduate into true tendrils.
Some fow plants apparently depend solely on their
hooks for climbing, and yet do so efficiently, as certain
palms in the New and Old Worlds. Even some
climbing Roses will ascend the walls of u fall house,
if covered with a trellis. How this is effected I 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 is not casy to understand how they could have got
under a trellis close to the wall.*

« Professor Asa Gray bas ex-  disponed to push o dark revices
plained, as it would appear, fhis  and away from the light, s that
ittty in s evew (e
Journ . Sept.  placo themselves under o trolis
1t p. 2 tho plucn( work. Ho adds that the lateral shoote,

the strong  made on tho following spring,
e sl o The M e il G
rose (Rosa seigera) axe strongly  sought the light.
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Rootlimbers—A good many plants come under this
elass, and are excellent climbers. One of the most
remarkable is the Maregravia umbellata, the stem of
which in the tropical forests of South America, as 1
hear from Mr. Spruce, grows in a curiously flattencd
manner against the tranks of trees; hero 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 freo branches with rounded stems, elad with sharp-
pointed leaves, wonderfully different in appearance from
those borne by the stem as long as it remains adherent.
This surprising difference in the le
observedin plant of Maregravia dubia in my hothouse.
Root-climbers, as far as T have scen, namely, the Ivy
(Hedera leliz), Ficus vepens, and F. barbatus, have no
power of movement, not even from tho light to the dark.
As proviously stated, the Hoya carnosa (Asclopindacer)
is o spiral twiner, and likewise adheres by rootlets
even to a flat wall The tendril-bearing Bignonia
Twcedyana emits roots, which curve half round and
adhere to thin s The Tecoma radicans (B
noniacew), which is closely allied to many spontanc-
ously revolving species, climbs by rootlots; never-
theless, its young shoots apparently move about more
than can be accounted for by the varying action of
the light,

Thave not closely observed many root-climbers, but
can give one curious fact.  Fious repens climbs up
a wall just like Ivy; and when the young rootlets

s, 1 have also
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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 iu the least
milky like that exuded from a wound. This fluid
is slightly viseid, but camnot be drawn out into
threads. 1t has the remarkable property of not soon
25 a drop, abont the size of half a pin's head, was
slightly spread out on glass, and I scattered on it some
minute grains of sand. The glass was left exposed
in & drawer during hot and dry weather, and if tho
fluid had been water, it would certainly have dried
in o fow minutes; but it remained fluid, elosely
surrounding each grain of sand, during 128 days: how
much longer it would have remained I cannot say.
Some other rootlets were left in contact with. the gluss
for abont ten days or & fortuight, and the drops of
secroted fluid wero now rather larger, and so viscid
that they could be drawn out into threads. Some
other rootlets were left in contact during twenty-three
s, and these were firmly cemented 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 o cement. When the
rootlets were torn from the glass, atoms of yellowish
matter were loft 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. 1
As the bisulphide of carbon has a strong power
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of softening indurated caoutchoue, I soaked in it
during a short time several rootlets of & plant which
had ‘grown up a plaistered wall; and I then found
‘many extremely thin threads of transparent, not viscid,
excessively elustic matter, precisely like caoutchonc,
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 wore firmly attached
to particles of silex or mortar from the wall. There
could bo no mistake in this observation, as I played
with ho threads for & long time under the microscope,
draving them ont with my dissccting-noodles and
letting them spring back again. Yet I looked re-
peatedly at other rootlets similarly treated, and could
never again discover these clastic threads. I there-
foro infer that the branch in question must have been
slightly moved from the wall at some eritical period,
whilst the secrotion was in the act of drying, throngh
the absorption of its watery parts. The genus Fieus
abounds with caoutehouc, and we may conclude from
the facts just given that this substance, at first in
solution and ultimately modified into an unclastic
coment,® is used by the Fieus repens to cement its
wootlets to any surface which it ascends, Whether
other plants, which climh by their rootlets, emit
any cement T do not know; but the rootlets of the

M. Spiller b recentlyshown fne state of division o the sir,
(Chiealcal Sociaty, Fob. 16, 1863),  gradually becomes co i
in & paper ou the oxidation of brittle, resinous matter, very similar
india o sheic:
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Iy, placed against glass, barely adhered to it, yet
secreted a little yellowish matter. 1 may add, that the
rootlets of the Maregravia dubia can adhere firmly to
smooth painted wood,

Vanilla aromatica emits nérinl roots a foot in length,
which point straight down to the ground. According
to Mohl (p. 49), these crawl into erovices, and when
they meot with o thin support, wind round it, as do
tendrils. A plant which T 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; but they did not bend
quite round the sticks, and afterwards they re-pursued
their downward course. It is probable that theso 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 same manner as true tendrils. Ac-

cording to Mohl, the rootlets of certain species of
Lycopodium act as tendrils.*

s Fris Ml ofoms e el rote of & Pllleiondra

thiat ho saw in the forcsta of  which grew on the branches above.

Sl Bkl s “back  Theso vt therl

g, o some s o i Erlict) gk ey s

o o In damete, winding e yovers

inty ol 208
it A4 f it b The sl
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of twining plants which were thus  vertically downwards, sometimes.

ascending tho trees: buthe after- for a length of more than ifty feet.
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Concluding Remarks on Climbing Plants.

Plants become climbers, in order, as it may be
prosumed, to reach the light, and to expose a large
surface of their leaves to its action and to that of the
freo air. This is effected by climbers with wonderfully
littlo expenditure of organized matter, in comparison
with trees, which have to support a load of heavy
branches by o massive trunk. Hence, no doubt, it
arises that thero are so many climbing plants in all
quarters of the world, belonging to so many different
orders. These plants have been 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
o trunks of trees; when, however, they climb trunks
they aro compelled to keep much in the shade;
they cannot pass from branch to branch and thus cover
the wholo summit of a tree, for their rootlets require
long-continued and close contact with a steady surface
in onder to adhere. Tho two great classes of twiners
and of plants with sensitive organs, namely, leaf-
elimbers and tendril-bearcrs taken together, fur exceed
in number and in the perfection of their mechanism the
climbers of the two first classes. Those which have
the power of spontancously revalving and of grasping
objects with which they come in contact, easily pass
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from branch to branch, and securely rmble over o
wide, sun-lit surface.
Thedivisi ts, loa-cli

and tendril-bearers graduate to a mﬁm extent into
one another, and nearly all have the same remarkablo
er of spontanconsly rovolving. Does this gradu-
tion, it may bo asked, indicato that plants belonging
to one subdivision have actually passed during the
lapse of ages, or can pass, from one state to the other?
Has, for instance, any tendril-bearing plant assumed.
its present structure withont having previously existed
us a leaf-climber or a twiner? If we consider leaf-
wbers alone, the idea that they were primordially
twine forcibly suggested. The intemodes of
all, without excoption, revolve in exactly the sume
manner as twiners ; some few can still twine well, and
many others in an imperfoct manner. Several leaf-
genera are closely allied to other genera
which are simple twiners. It should also be observed,
that the posscssion of leaves with sensitive petioles,
and with the consequent power of clasping 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 a serambling plant would be apt,
8 Professor Jueger has remarked, to rest on otber plants
by its leaves. On the sther hand, revolving inter-
withont any other aid, sufice to give the power
of climbing; so that it secems probable that leaf-
climbers wero in most cases at first twiners, and subse-

imbing

node
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quently became capable of grasping a support ; and this,
aswashall 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 revolves and, in a
fow specics, the flexible stem still rotains the u\pnmh

of spirally twining round an upright s 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 boen more frequently lost or modified than in
the case of leaf-climbers. The throe great tendril-
bearing fumilics in which this loss has oceurred in the
most marked manner, are the Cue tacem, Passi-
flomcere, and Vitacew. In the first, the intornodes
revolve; but I have heard of no twining form, with
the exception (according to Palm, p. 29. 52) of Momor-
ica Dalsamin, and this is only an imperfect twiner.
In the two other families T can hear of no twiners;
and the internodes rarely have the power of revalving,
this power being confined to the tendrils. The inter.
nodes, however, of Passifiora gracilis have the power
in a perfect manner, and those of the common Vine in
an imperfoct 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 be asked, Why have
the species which were aboriginally twiners been cone
verted in 8o many groups into leat-climbers or tendril-
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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 a
plant to acquire a thicker stem, with short internodes
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
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, as

some specics 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\payer o grasping
an object, can be made long and thin; so that
little organic matter is expended in their develop-
ment, and yet th
of o support. Tendril-bearers can, from their first

y sweep a wide circle in searth

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, aro best fitted
to ascend bare stems, and. generally have o start in
the shade.  Within tall and denso tropical forests,
twining plants would probubly succced better than
most kinds of tendril-bearers; but the majority of
twiners, at least in our temperate regions, from the
nature of their revolving movement, cannot ascend
thick trunks, whereas this ean be affected by tendril-
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boarers if the trunks aro branchod or bear twigs, and
by some species if the bark is rugged.

The advantage gained by climbing is to reach the
light and free nir with s little expenditure of organic
matter as possible; now, with twining plants, the stem
is much longer than is absolutely necessary; for
instance, I measured the stem of a kidney-bean, which
had ascended exactly two fect in height, and it was
throo foot in length : the stem of a pea, on the other
hiand, which had ascended to the same 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 mado by simple twiners. Morcover, the plants
thus aided, after taking one or two turns in one direc-
tion, generlly ascend for a space struight, and then
roverso the direction of their spire. By this means
they aseend to u considerably greater height, with the
samé length of stem, than would otherwise have been
possible; and they do this with safety, as they secure
themseles at intervals by their clasping petioles or
tendrils,

Wo hayo seon that tendrils consist of various organs
in & modified state, namely, leaves, flower-peduncles,
branches, and perhaps stipules.  With respect to
leaves, the evidenco of their modification is ample.
In young plants of Bignonia the lover loaves often
remain’ quite wnehanged, whilst the upper ones have
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their terminal leaflets converted into perfect tendrils ;
in Eeeremocarpus 1 haye seen o single lateral branch
of a tendsil replaced by a perfect leaflet; in Vieia
sativa, on the other hand, leaflets 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 uscertain the homological nature of different kinds
of tendrils; he will wish to learn, as far as is possible,
Ly what actual steps leaves, flower-peduncles, &c. have
hiad their fanctions wholly changed, and have come to
serve merely as prehensile organs.
In the whole group of leaf-climbers abundant
nce has been given that an organ, still subsery-
ing the functions of a leaf, may become sensitive to a
touch, and thus grasp an adjoining object. With
several leaf-climbers the true leaves  spontancously
ilve ; and their petioles, after elasping a support
grow thicker and stronger. We thus seo that leaves
may acquire all the leading and characteristic qualities
lrils, namely, sensitiveness, spontancous move
ment, and subsequently increased strength. 1f their
blades or lamine were to abort, they would form true
tendrils. And of this process of abortion we ean follow
every step, until no trace of the original nature of
the tendril is left. Tn Mutisia clematis, the tendril, in
shape and colour, closely resembles the petiole of one
of the ordinary leaves, (uguhu with the midribs of the
leaflets, but vestiges of the lamina are still occasionally
retained. In four genera of the Fumariacem we can.

ev

Darwin Online: By permission of the Trustees of the Natural History.
Museum (1 )




O, CONCLUDING REMARKS. 195

follow the whole process of transformation. The termi-
nal leaflets of the leaf-climbing Fumaria oficinalis are
not smaller than the other leaflets; those of the leaf-
climbing Adlumia eirrhosa ure greatly reduced ; those
of Corydalis lavielata (s plant which may indifferently
be called a leaf-climber or a tendril-bearer) are 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. 1f, therefore, we
could behold at the same time all the progenitors of
Dicntra, we should almost certainly see a series like
that now exhibited by the above-named three genera.
In Tropwolum tricolorum we have another kind of
passago; for the leaves which aro first formed on the
young stems are entirely destitute of laminw, and
must be called tendrils, whilst the later formed leaves
have well-developed laminwe. In all cases the acquire-
ment of sensitiveness by the mideribs of the leaves
appears to stand in some elose relation with the abor-
tion of their lamine or blades.

On the view here gisen, leaf-climbers were primor-
dially twiners, and tendril-bearers (when formed of
modified leaves) were primordially leaf-climbers. The
Intter, therefore, are intermediate in nature between
twiners and tendril-bearers, and ought to be related to
both.  This is the case: thus the several leaf-climbing
species of the Antirrhines, of Solanum, Coceulus, and
Gloriosa, have within the sume family and even within
the sume genus, relatives which are twiners. In the

02
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genus Mikania, there are leat-climbing and twining
species. The leaf-climbing species of Clematis are
very closely allied to the tendril-bearing Naravelia.
The Fumariacea inclnde closely allied genera which are
leaf-climbers and tendril-bearers. Lastly,  species of
Bignonia is at the same time both a leaf-climber and
o tendril-bearer; and other closely allied species are
twiners,

Tendrils of another kind consist of modified flower-
peduncles. In_this case wo likewise 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
flower-peduncle covered with flowers, yet furnished with
« branch, forming the flower-tendril. When the latter
itsolf bears a fow flowers, as we know sometimes is
the case, and still retains the power of clasping &
B ondition of all those tendrils
which have been formed by the modifieation of flower-
peduncles.

According to Mohl and others, some tendrils consist
of modified branches: I have not observed any such
cases, and know nothing of their transitional states,
but these have been fally deseribed by Fritz Maller.
ho genus Lophospermum also shows s how such &

i ; for its branches spontaneously
revolve and are mmmo to contact. Hence, if the
leaves on some of the branches of the Lophospermum
were to abort, these branches would be eonverted
into true tendrils. Nor is there anything improbable.

pport, we see an ea
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in cortain branches alone being thus modified, whilst
others remained unaltered; for we have seen with cer-
tain varioties of Plaseolus, that some of the branches
are thin, flexible, and twine, whilst other branches
on the same plant are stiff and haye no such power.
It we inquire how a petiole, o branch or flower-
pedunclo first became sensitive to a touch, and
acquired the power of bending towards tho touched
side, we got 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
W have seen, that tho 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. Tt thus appears that climbing
plants have utilized and perfocted a widely distributed
and incipient capacity, which capacity, as far as we
can see, i of no sarvice to ordinary plants. If we
further inquire how the stems, petioles, tendrils, and
flower-peduncles of climbing plants first acquired
their power of spontancously revolving, or, to speak
more accurately, of successively bending to all points
of tho compass, wo are again silonced, or af most can
only remark that the power of moving, both spon-
taneonsly and from various stimulants, is far moro

* Quotal by Coln, in his handl der Schlesischen Gesell.!
remarkablo methir, * Gtractils 1901, Holt 1.5, 35,
< 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.
Thave given ano remarkable instance, namely that of
the young
of whichsporitaneoualymevelva fnbvery AN SN
and bend when gently rubbed to the touched side;
yet this plant certainly does not profit by these two
foebly developed powers. A rigorous examination of
other young plants would probably show slight spon-
tancous 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 ang-
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 would have presented some difference in
fanction. This is not the case. On the contrary, they

* Such  slight  spontancous  shown inrelationtoour prosentsubs
iovement Inow i havo boun ot “Jolahen Ztehiiy B
o Hoft 2, . 183) that the stems,

forfstance with the lowerciins
spus and with. tho

leaves of many plants: S

+ Text-Book of Botany” 1875, pp.

766, 755, Fritz Miller aleo bas those of climbing plants,
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present the most complete identity in their several
charucteristie 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 themselves 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
attructed 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 tip
of the tendrils in these two plants become, after con
tact, enlarged into dises, which are at first adhesivo
by the: seeretion 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 a support, assumes one of the most
chameteristic 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 fundamental a nature as is generally supposed ?*

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

. xr Herbert sp.m las  much foreo that there is no fun-
 Principles of  damental distinetion between tho
mm 1865, p. 7 o seg.) with  foliar and axial 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-
Ties, which in their native country never twine, but
reassume. this habit when cultivated in England, we
bave a case in point. Tn the leafclimbing Clematis
ammuda, and in the tendril-bearing Vine, we see no
loss in the power of climbing, but only a remnant of the
revolying power which is indispensable to all twiners,
and is so common as well as so advantageous to most
climbers, In Tecoma radicans, one of the Bignoniacesw,
we seo a lnst and doubtful trace of the power of
revolving.

With respect to the abortion of tendrils, ceortain
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 spe of Vicia,
I 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, @ small pointed filament
jects, about a third of an inch in length, and which
s probably the rudiment of a tendiil. This may be
more safely inferred, as in young and unhealthy
specimens of other tendril-bearing plants similar rudic
ments may occasionally be observed. In the bean

* Aunales dos 4th series, Bot, tomn. i, 1856, p. 31
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these filaments are variable in shape, as is o fre-
quently the case with rudimentary organs; they are
cither eylindrical, or foliaceous, or are decply furrowed
on the upper surface. They have not retained any
vestige of the power of revol It is a curious
fact, that many of these filaments, when foliaceous,
have on their lower surfaces, dark-coloured glands like
those on the stipules, which exc 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 struck every
one with surprise who has noticed them, for they are
quite unlike those of all common papilionaceous
plants, and resemble those of a grass. In wnother
species, L. aphaca, the tendril, which is not highly
developed (for it is unbranched, and has no spon-
taneous  revolving-power), replaces tho leaves, the
latter being replaced in function by large stipules.
Now if we suppose the tendrils of L. aphaca to become
flattened and foliaceous, like the little rudimentary
tendrils 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 connterpart
of L. nisslia, and its curious leaves are at once
rendered intelligible to us.

Tt may be added, as serving to sum up the foregoing
views o the origin of tendril-bearing plants, that L.
nissolia is probubly descended from a plant which was
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primordially a twiner; this then became n leaf-climber,
the leaves being afterwards converted by degrees into
tendrils, with the stipules greatly increased in size
throngh the law of compensation.* Affer a time the
tendrils lost their branches and became simple; they
then lost their rovolving-power (in which state they
would have resembled the tendrils of the existing
L. aphaca), and afterwards losing their prehensile
power and becoming foliaceous would no longer be
thus designated. Tn 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 size. 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 here
indicated.

The most interesting point in the natural history of
eclimbing plants is the varions 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 a
proper position. For instance, the tendril of Cobea.

Tératologie, 1841, p. 156) gives for tho leaves completely dis-
tho casc of & monsirous bean, in  appeared and the stipules grew ©
which & caso of compensation of & enaFmouS size.
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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
same time bent to one side, so as to be out of the way.
The young leaves of Clematis, on the other hand,
prepure for action by temporarily curving themselves
downwards, 50 as to serve a8 grapnels.

Secondly, if o twining plant or a tendril gets by
any accident into an mnlm('d position, it soon bends
upwards, though secluded from the light. The guid-
ing stimulus no doubt s the attraction of gravity, as
Andrew Knight showed o 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 direction of, instead of in opposition to, the
force of gravity. As with the strawberry, so it is
generally 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
mw..d. the light by a movement closely analogous to
the incurvation which causes them 0 revolre, s that

innled
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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 spontaneous revolying 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 suff If the pressure be not permanent, the
part in question straightens itself and is again ready
to bend on being tonched.

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 case the movement is
useless, and occurs 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 ; but from the reasons already
assigned, I 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, Becremocarpus, Cobaa, and Ampe-
lopsis.  But even in the thickets of our temperate
regions the number of elimbing species and individuals
is considerable, as will be found by counting them.
They belong to many and widely different orders. To
gain some rude idea of their distribution in the vegetable
series, L marked, from the lists given by Mokl and Palm
(adding a few myself, and a competent botanist, no
doubt, eould have added many more), all those families
in Lindley’s ¢Vegetable Kingdom’ which include
twiners, leaf-climbers, or tendril-bearers. Lindley
divides Phanerogamie 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-
eluded. To these a few Cryptogamié 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, welldefined orders, such as the Compositar,
Rubiaces, Scrophulariacew, Liliacew, &c., species in
only two or three gencra have the power of climbing,

th o is forced i i

y o
revolving, 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 power only when it is of some
advantage to them; this being of comparatively rare
occurrenee, 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 organization a plant may
rise, when we look at ome of the more perfect tendril-
bearers. It first places its tendrils ready for action,
us a polypus places its tentacula. If the tendril be
displaced, it is acted on by the foree of gravity and
rights itself. Tt 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 tendxil strikes some objeet, and
quickly curls round and firly grasps it. In the
course of some hours it contracts into a spire, dragging
up the stem, and forming an excellent spring. ALl
movements now cease. 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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