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PREFACE.

—

Tuis Essay fisst appeared in the ninth volume of
the Journal of the Linnean Society,’ published in
1865. It is here reproduced in a corrected and, 1
hope, clearer form, with some additional facts. The
illustrations were drawn by my son, George Darwin.
Fritz Miller, after the publication of my paper, sent
to the Linnean Society (Journal, vol. ix., p. 344) some
interesting observations on the climbing plants of
South Brazil, to which I shall frequently refer.
Recently two important memoirs, chiefly on the
difference in growth between the upper and lower
sides of tendrils, and on the mechanism of the move-
ments of twining plants, by Dr. Hugo de Vries, have
appeared in the ¢ Arbeiten des Dotanischen Instituts
in Wiirzburg,” Heft. iii,, 1873. These memoirs ought
to be carefully studied by every one interested in the
subject, as I can here give only references to the

more important points. This excellent observer, as
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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, I cannot persuade myself that this holds
good with respect to those due to a touch. In order
that the reader may know what points have interested
me most, I may call his attention to certain tendril-
bearing plants; ifor instance, Bignonia ecapreolata,
Cobma, Echinocystis, and Hanburya, which display
as beautiful adaptations as can be found in any part
of the kingdom of nature. It is, also, an interesting
fact that intermediate states between organs fitted for
widely different functions, may be observed on the
same individual plant of Corydalis claviculuta and
the common vine; and these cases illustrate in a
striking manner the principle of the gradual evolu-

tion of species.

* An English translation of of ‘ Text-Book of Botany,' aud this
the *Lehrbuch der -Botanik’ by  i8 o great boon to all lovers of
FProfessor Sachs, has recently  natwral science in Bagland,
(1875), appeared under the title




APPENDIX TO PREFACE (1882).

—e—

Sixce the publication of this Edition two papers
by eminent botanists have appeared; Schwendener,
¢Das Winden der Pflanzen’ (Monatsberichte der
Berliner Akademie, Dec. 1881), and J. Sachs,
¢Notiz iber Schlingpflanzen’ (Arbeiten des bota-
nischen Instituts in Wirzburg, Bd. ii. p. 719, 1882).
The view “that the capacity of revolving, on which
most climbers depend, is inherent, though unde-
veloped, in almost every plant in the vegetable
kingdom” (‘Climbing Plants,” p. 205), has been
confirmed by the observations on circumnutation

gince given in ‘The Power of Movement in Plants.
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On pp. 28, 82, 40, 53, statements are made with reference to the
supposed acceleration of the revelving movement towards the light. It
appears from the observations given in ¢The Pewer of Movement in
Plants p. 451, that thess conclusions were drawn from insufficient
observations, nnd are erroncous. >
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CHAPTER L

Twisise PLANTS.

[utmductory rema .s—Description of the twining of the Hop—Torsion
o the stems—Nature of the revolving moyvement, and manner of
ascent-—Stems not irritable—Rate of revolution in various plants—
Thickness of the support round which plants can twine—Species
which revolve i ap anomalous manner.

I was led to this subject by an interesting, but short

poaper by Professor Asa Gray on the moyements of the

tendrils of some Cucurbitaceous plants.* My obser-
vations were more than half’ completed before I learnt
that the surprising phenomenon of the spontanecous
revolutions of the stems and tendrils of climbing
plants had been long ago observed by Palm and by

Hugo von MohL} and had subsequently been the

subject of two memoirs by Dutrochet.f Nevertheless,

* {Proc. Amer. Acad. of Arts pflanzen. 1827, TPalm’s Treatise

and Sciences,” vol. iv. Aug. 12,
1858, p. 98.

1 Ludwig H. Palm, * Ueber das
Winden der Pflanzen ;” Hugo von
Mohl, ‘ Ueber den Bau und das
Winden der Ranken nnd Schling-

was published only a few weeks
before Mohl's. See also ‘ Tho Ve-
getable Coll” (translated by Hen-
frey), by H. von Mohl, p, 147 to
end.

1 “Des Mouvements révolutifs

B
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I believe that my observations, founded on the ex-
amination of above a hundred widely distinet living
species, contain sufficient 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
I refer to the two first great classes.

TwINING PLANTS.

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

spontanés,” &o., Comptes Rendus,”  cherches sur la Volubilité dog
tom. xvil (1843) p. 989; “Re- Tiges” &o., tom. xix, (1844) p, 205,

— e L RER———
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may be seen to bend to one side and ‘o travel slowl y
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 veloeity, From
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
as 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, I kept a potted plant,
during the night and day, in a well-warmed room to
which I was confined by illness. A long shoot pro-
jected beyond the upper end of the supporting stick,
and was steadily revolving. I then took a longer stick
and tied up the shoot, so that only a very young inter-
node, 13 of an inch in length, was left free. This was so
nearly upright that its revolution could not be easily
observed ; but it certainly moved, and the side of the
internode which was at one time convex became concave,
which, as we shall hereafter see, is a sure sign of the
revolving movement. I will assume tha§ it made at
least pne 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 cirele was performed in the evening in a little over

B 2
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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 3 hrs. I should add that the temperature
of the room varied only a little. The shoot had now
grown 3% inches in length, and carried at its extremity
a young internode 1 inch in length, which showe;l
slight changes in its curvature. The next or ninth
revolution was effected in 2 hrs. 30 m. From this time
forward, the revolutions were easily observed. The
thirty-sixth revolution was performed at the usnal
rate ; so was the last or thirty-seventh, but it was not
completed ; for the internode suddenly became upright,
and after moving to the centre, remained motionless

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
gaid about this internode. It moved during five
days; but the more rapid movements, after the per-
formance of the third revolution, lasted during three
days and twenty hours. The regular revolutions,
from the ninth fo 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
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segment of a circle. After the seventeenth revolution
the internode had grown from 1% to 6 inches in length,
and ecarried an internode 1% inch long, which was
just perceptibly moving ; and this carried a very minute
ultimate internode. After the twenty-first revolution,
the penultimate internode was 2% inches long, and
probably revolved in a period of about three hours.
At the twenty-seventh revolution the lower and still
moving internode was 8%, the penultimate 3}, and
the ultimate 2% inches in length ; and the inclination
of the whole shoot was such, that a cirele 19 inches
in diameter was swept by it. When the movement
ceased, the lower internode was 9 inches, and the
penultimate 6 inches in length; so that, from the
twenty-seventh to thirty-seventh revolutions inclusive,
three internodes were at the same time revolving.

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

With the Hop we have seen that three internodes

-
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were at the same 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 internode 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 length, being
counted), continually, but slowly, swayed from side
to side in a semicircular course, with the extreme
internodes making complete revolutions. This sway-
ing movement was certainly due to the movement of
the lower internodes, which, however, had not foree
sufficient to swing the whole shoot round the central
supporting stick. The case of another Asclepiadaceous
plant, viz., Ceropegia Gardnerii, is worth briefly giving.
I allowed the top to grow out almost horizontally to
the length of 31 inches; this now consisted of three
. long internodes, terminated by two short ones. The
whole revolved in a course oppesed to the sun (the
reverse of that of the Hop), at rates between  hrs, 15 m.
and 6 hrs. 45 m. for each revolution. The extreme tip
thus made a circle of above 5 feet (or 62 inches) in dia-
meter and 16 feet in circumference, travelling at the
rate of 32 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 ecricle, night and day, in
search of some objeet round which to twine,

_—
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If we 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 be painted on the bark, on the side which is
uppermost when the sapling is bent towards the
holder’s body, as the circle is described, the black
point gradually turns round and sinks to the lower
side, and comes up again when the cirele is completed ;
and this gives the false appearance of twisting, which,
in the case of spontaneously revolving plants, deceived
me for a time. The appearance is the more deceitful
because the axes of nearly all twining-plants are
really twisted; and they are twisted in the same
direction 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 be seen by the ridges on its surface, not in the
least twisted ; but when, after the 37th revolution, it
had grown 9 inches long, and its revolying movement
had ceased, it had become twisted three times round
its own axis, in the line of the course of the sun; on
the other hand, the common Convolvulus, which
revolves in an opposite course to the Hop, becomes
twisted in an opposite direction.

Hence it is not surprising that Hugo von Mohl
(p. 105, 108, &e.) thought that the twisting of the
axis caused the revolving movement; but it is not
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possible that the twisting of the axis of the Hop thres
times should have caused thirty-seven revolutions.
Moreover, the revolving movement commenced in the
young internode before any twisting of its axis could
be detected. The internodes of a young Siphomeris
and Lecontea revolved during several days, but became,
twisted only once round their own axes. The best
evidence, however, that the twisting does not cause the
revolving movement is afforded by many leaf-climbing
and tendril-bearing plants (as Pisum sativum, Echino-
cystis lobata, Bignonia capreolata, Eccremocarpus 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 true
twining-plants. Moreover, according to Palm (pp. 30,
95) and Mohl (p. 149)," and Léon,* internodes may
occasionally, and even not very rarely, be found which
are twisted in an opposite direction to the other inter-
nodes on the same plant, and to the course of their
revolutions ; and this, according to Léon (p. 356), is
the case with all the internodes of a certain variety of
Phaseolus multiflorus. Internodes which have become
twisted round their own axes, if they have not ceased
to revolve, are still capable of twining round a support,
as I have several times observed. 3
Mohl has remarked (p. 111) that when a stem twines
round a smooth eylindrical stick, it does not becomea *

* ‘Bull, Bot. Soc. de France,’ tom. v, 1858, p. 356,
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twisted.* Accordingly I allowed kidney-beans t& run
up stretched string, and up smooth rods of iron and
glass, one-third of an inch in diameter, and they
became twisted only in that degree which follows as a
mechanical necessity from the spiral winding. The
stems, on the other hand, which had ascended ordinary
rough sticks were all more or less and generally much
twisted. The influence of the ronghness of the support
in causing axial twisting was well seen in the stems
which had twined up the glass rods; for these rods
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 frc., they also became twisted ; and this
apparently occurred 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
reyolving freely without any support. Many plants,
which are not twiners, become in some degree twisted
round their own axes;f but this occurs so much more

* This whole subjeet has been it has ceased or begun to cease in
ably discussed and explained by the inner layers.”

H. de Vrics, ‘ Arbeiten des Bot.,
Iustituis in Wiirzburg, Heft iii
up. 331, 836. Beealso Sachs (* Text-

k of Botany,” English transia-
tion, 1875, p. 770}, who concludes
“that torsion is the result of growth
coutinuing in the outer layers after

t Profeesor Asp Gray has re-
marked to me, in a letter, that in
Thuja cecidentalia the twisting of
the barl: is very conspiouous, The
twist is generally to the righl. of
the observer: but, in noticiog
about a hundred trunks, four or

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

I have alluded to the twisting which necessarily
follows on mechanical principles from the spiral
ascent of a stem, namely, one twist for each spire
completed. This was well shown by painting straight
lines on living stems, and then allowing them to twine;
but, as I 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 there is one important difference.
The upper part of the sapling when thus moved

five were observed to be twisted marked to me in a letter that
in nn opposite direction. The “some of these cases, it not all,

Spanish chestnut is often much
fwisted : there is an interesting
article on this subject in the
¢ Scottish Fermer,' 1885, p. 833,

* It is well known that the
gtems of many plants occasionally
become spirally twisted in a
monstrous manner; and after my
paper was read before the Linnean
Society. Dr. Maxwell Masters re-

are dependent upon some obstacle
or resistance to their upward
growth.” This conclusion ngrees
with what [ have said sbout the
twisting of stems, which have
twined round wugged eupports;
but does not preclude the twist
ing being of service to the plaut
by giving greater rigidity to the
stem,
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remains straight; but with twining plants every part
of the revolving shoot has its own separate and
imndependent moyement. This is easily proved; for
when the lower half or two-thirds of a long revolving
shoot is tied to a stick, the upper free part continues
steadily revolving. Even if the whole shoot, except
an inch or two of the extremity, be tied up, this part,
as I have seen in the case of the Hop, Ceropegia,
Convolyulus, &c., goes on revolving, but much more
slowly ; for the internodes, until they have grown to
some little length, always move slowly. If we look to
the one, two, or several internodes of a revolving shoot,
they will be all seen to be more or less bowed, either
during the whole or during a large part of each revolu-
tion. Now if a coloured streak be 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 rate 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 surface. This clearly proves that during the
revolying movement the internodes become bowed
<in every direction. The movement is, in fact, a con-
tinuous self-bowing of the whole 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. Take a sapling
and bend it to the south, and paint a black line on the

pap—
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convex surface ; let the sapling spring up and bend it
to the east, and the black line will be seen to run
along the lateral face fronting the north ; bend it to
the north, the black line will be on the concave
surface ; bend it to the west, the line will again be on
the lateral face; and when again bent to the south,
the line will be on the original convex surface. Now,
instead of bending the sapling, let us suppose that the
cells along its northern surface 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, deserting by slow degrees
the northern side and encroaching on the western side,
and so round by the south, by the east, again to the
north. In this case the shoot would remain always
bowed with the painted line appearing on the several
above specified surfaces, and with the point of the
shoot successively directed to each point of the
compass. In fact, we should have the exact kind of
movement performed by the revolving shoots of twining
plants.®

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

* The view that the revolying H.de Vries; and the truth of this
movement or nutation of the stems  view is proved by their excellent
of twining plants is due to growth  obeervations.

{s that advanced by Sachs and
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our illustration, if we suppose only the northern and
southern surfaces 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 described; and the
sapling would be straight as it passed to and fro
through the intermediate space; and a complete
straightening of the shoot may often be observed in
revolving plants. The movement is frequently such
that three of the sides of the shoot seem to be growing
in due order more rapidly than the remaining side ; so
that a semi-circle instead of a circle is deseribed, the
shoot becoming straight and upright during half of its
course.

When a revolving shoot consists of several inter-
nodes, the lower ones bend together at the same rate,
but one or two of the terminal ones bend at a slower
rate ; hence, though at times all the internodes are
in the same direction, 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 the Asclepiadacez. The hooked tip, in all the
cases observed by me, viz. in Ceropegia, Spharostemma,
Clerodendron, Wistaria, Stephania, Akebia, and Sipho-
meris, has exactly the same kind of movement as the
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other internodes; for a line painted on the convex
surface first becomes lateral and then concave; but,
owing to the youth of these terminal internodes, the
-eversal of the hook is a slower process than that of the
revolving movement.* This strongly marked tendency
in the young, terminal and flexible internodes, to bend
in a greater degree or more abruptly than the other
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 be much more impor-
tant) it causes the extremity of the shoot to embrace
the support much more closely than i could otherwise
have done, and thus aids in preventirg the stem from
being blown away during windy weather, as I have
many times observed. In Lonicera brachypoda the
hook only straightens itself periodically, and never
becomes reversed. I will not assert that the tips of
all twining plants when hooked, either reverse them-
selves or bécome periodically straight, in the manner
just deseribed ; for the hooked form may in some cases
be permanent, and be due to the manner of growth of
the species, as with the tips of the shoots of the com-
mon vine, and more plainly with those of Cissus dis-
color—plants which are not spiral twiners.

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

* The mechanism by which the H. de Vries (ibid. p. 857): he
end of the shoot rémains hooked concludes that it depends on the
appears to be a difficult and relationbetween the rapidity of tor
complex problem, diseussed by Dr.  sion and the rapidity of nutation.”
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tinuous bowing movement directed successively to alt
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. As each
internode loses from age its power of revolving, it like-
wise loses its power of spirally twining. If a mam
swings a rope round his head, and the end hits a stick,
it will coil round the stick according to the direction
of the swinging movement ; 8o it is with a twining plant,
a line of growth travelling round the free part of the
shoot causing it .o bend towards the opposite side, and
this replaces the momentum of the free end of the rope.

All the authors, except Palm and Mohl, who have
discussed the spiral twining of plants, maintain that
such plants have a natural tendency to grow spirally.
Mohl believes (p. 112) that twining stems have
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a dull kind of irritability, so that they bend towafds
any object which they t-onc!x; but ﬂtls i den.md
by Palm. Even before reading Mohl's mterestmg
treatise, this view seemed to me so probable that 1
tested it in every way that I could, but always with,
anegative result. I rubbed many shoots much harder
than is necessary to excite movement in any tendril
or in the foot-stalk of any leaf climber, but without any
effect. I then tied a light forked twig to a shoot of a
Hop, a Ceropegia, Spharostemma, and Adhatoda, so that
the fork pressed on one side alone of the shoot and
revolved with it ; I purposely selected some very slow
revolvers, as it seemed most likely that these would
profit most from possessing irritability ; but in no case
was any effect produced.®* DMoreover, when a shoog
winds ronnd a support, the winding movement is
always slower, 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 be so, as
nature always economizes her means, and irritability
would have been superfluous. Nevertheless T do not
wish to assert that they are never irritable; for the
growing axis of the leaf-climbing, but not spirally
twining, Lophospermum scandens is, certainly irritable,
but this case gives me confidence that ordinary twiners

* Dr. H. de Vries nlo has plants are not jrritable, and that
shown (ibid. p. 321 and 325) by a  the cause of their winding up g
better method than that employed  support is exactly what I have de
by me, that the stems of twining  soribed,
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do not possess any such quality, for directly after
putting a stick to the Lophospermum, I saw that it
behaved differently from a true twiner or any other
leaf-climber.*

The belief that twiners have a natural tendency to
grow spirally, probably arose from their assuming a
spiral form when wound round a support, and from the
extremity, even whilst remaining free, sometimes
assuming this form. The free internodes of vigor-
ously growing plants, when ‘they cease to revolye,
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 spiral. I have seen this in a remarkable
manner with the ends of the sheots of the Stauntonia and
of the allied Akebia, which became wound up into a close
spire, just like a tendril ; and this was apt to occur after
some small, ill-formed leaves had perished. The ex-
planation, I believe, is, that in such cases the lower parts
of the terminal internodes very gradually and sucs
cessively lose their power of movement, whilst the
portions just above move onwards and in their turn
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.,

t Dr. H, de Vries etates (ibid. p. 822) that the stem of Cuscuta iz
irrituble like a tendril,
o
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a dull kind of irritability, so that they bend towards
any object which they touch; but this is denied
by Palm. Even before reading Mohl's interesting
treatise, this view seemed to me so probable that I
tested it in every way that I could, but always with,
anegative result. I rubbed many shoots much harder
than is necessary to excite movement in any tendril
or in the foot-stalk of any leaf climber, but without any
effect. I then tied a light forked twig to a shoot of a
Hop, a Ceropegia, Spharostemma, and Adhatoda, so that
the fork pressed on one side alone of the shoot and
revolved with it ; I purposely selected some very slow
revolvers, as it secemed 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 slower, 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 be so, as
nature always economizes her means, and irritability
would have been superfluous. Nevertheless T do not
wish to assert that they are never irritable; for the
growing axis of the leaf-climbing, but not spirally
twining, Lophospermum scandens is, certainly irritable,
but this case gives me confidence that ordinary twinerg

* Dr. H. de Vries also has plants are not irritable, and that
shown (ibid. p. 821 and 325) by & the cause of their winding up g
better method than that employed  support is exactly what T have de-
by me, that the stems of twining  soribed,
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do not possess any such quality, for directly after
putting a stick to the Lophospermum, I saw that it
behaved differently from a true twiner or any other
leaf-climber.*

The belief that twiners have a natural tendency to
grow spirally, probably arcse from their assuming a
spiral form when wound round a support, and from the
extremify, 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 spiral. I have seen this in a remarkable
manner with the ends of the sheots of the Stauntonia and
of the allied Akebia, which became wound up into a close
spire, just like a tendril ; and this was apt to occur after
some small, ill-formed leaves had perished. The ex-
planation, I believe, is, that in such cases the lower parts
of the terminal internodes very gradually and sucs
cessively lose their power of movement, whilst the
portions just above move onwards and in their turn
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,

t Dr. H. de Vries states (ibid. p. 822) that the stem of Cuscuta is
irritable like a tendril,
n
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but took 9 hrs. 30 m. to make one complete spire round
a stick ; Aristolochia gigas revolved in about 5 hrs., but
took 9 hrs. 15 m. to complete itsspire. This, I presume,
is due to the continued disturbance of the impelling
force by the arrestment of the movement at successive
points ; and we shall hereafter see that even shaking &
plant retards the revolving movement. The terminal
internodes of a long, much-inclined, revolving shoot of
the Ceropegia, after they had wound round a stick,
always slipped up it, so as to render the spire more
open than it was at first; and this was probably in
part due to the force which caused the revolutions,
being now almost freed from the constraint of gravity
and allowed to act freely. With the Wistaria, on the
other hand, a long horizontal shoot wound itself at
first into a very close spire, which remained une
changed ; but subsequently, as the shoot twined
spirally up its support, it made a much more open
spire. With all the many plants which were allowed
freely to ascend a support, the terminal internodes
made at first a close spire; and this, during windy
weather, served to keep the shoots in close contact
with their support; but as the penultimate internodes
grew in length, they pushed themselves up for a
considerable space (ascertained by coloured marks on
the shoot and on the support) round the stick, and the
spire became more open.®

It follows from this latter fact that the position

* See Dr. H. de Vries (ibid. p. 324) on this subject




Cuar, L TWINING PLANTS. 19

occupied by each leaf with respect to the support
depends on the growth of the internodes after they
have become spirally wound round it. I mention this
on 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 a hop-field for me, and reported
that though they generally found the points of inser-
tion of the leaves standing over each other for a spaca
of two or three feet in height, yet this never occurred
up the whole length of the pole; the points of insertion
forming, as might have been expected, an irregular
spire. Any irregularity in the pole entirely destroyed
the regularity of position of the leaves. From ecasual
inspeetion, it appeared to me that the opposite leaves
of Thunbergia alata were arranged in lines up the sticks
round which they had twined ; accordingly, I raised a
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 perpendicular line : I conclude, therefore,
Palm’s statement is not quite accurate.

The leaves of different twining-plants are arranged
on 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 fact has been well shown by Dutrochet,*

* Comptes Rendus, 1844, tom. xix. p. 295, and Annales des Se. No&
8rd series, Bot,, tom. ii. p. 163,
c2
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who found different individuals of Solanum dulecamara
twining in opposite directions, and these had their

* leaves in each case spirally arranged in the same direc-

tion. A dense whorl of many leaves wounld apparently
be incommodious for a twining plant, and some authors
assert that none have their leaves thus arranged; but
a twining Siphomeris has whorls of three leaves.

If a stick which has arrested a revolving shoot, but
has not as yet been encircled, be suddenly 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 to revolve.
The long, much-inclined shoot of the Ceropegia pre-
viously alluded to offered some cuvious peculiarities.
The lower and older internodes, which continued to
revolve, were incapable, on repeated trials, of twining
round a thin stick ; showing that, although the pow.r
of movement was retained, this was not suffizient
to enable the plant to twine. I then movec the
stick to a greater distance, so that it was struck by
a 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
internode. After leaving the spirally wound shoot for
eleven hours, I 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
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not move, a sort of hinge separating the m
the motionless part of the same internode.
few days, however, I found that this lower part hac
likewise recovered its revolving power. These several
facts show that the power of movement is not immedi-
ately lostin the arrested portion of a revolving shoot;
and that after being temporarily lost it can be recovered.
Waen a shoot has remained for a considerable time
round a support, it permanently retains its spiral form
even when the support is removed.

W.en a tall stick was placed so as to arrest the
lower and rigid internodes of the Ceropegia, at the
distance at first of 15 and then of 21 inches from the
cenfre of revolution, the straight shoot slowly and
gradually slid np the stick, so as to become more and
more highly inclinei, 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 inelination. It now recommenced
revolving in its usual course, so that after a semi-
revolution 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 bad a very odd appearance, as if it were
disgusted with its failure but was resolved to try
again. We shall, T think, understand this movement
by considering the former illustration of the sapling, in
which the growing surface was supposed to ereep round
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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, as soon as the circulatory growth reached the
western surface, no effect would be produced, except that
the shoot would be pressed firmly against the stick.
But as soon as growth on the southern surface began,
the shoot wounld be slowly dragged with a sliding move-
ment up the stick ; and then, as soon as the eastern
growth commenced, the shoot would be drawn from the
stick, and its weight coinciding with 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, because it first led me to
understand the order in which, as I then thought, the
surfaces contracted ; butin which, as we now know from
Sachs and H. de Vries, they grow for a time rapidly,
thus causing the shoot to bow towards the ovposite
side.

The view just given farther explains, as I believe,
a fact observed by Mohl (p. 133), namely, that a
revolving shoot, though it will twine round an object
as thin as a thread, cannot do so round a thick support.
1 placed some png revolving shoots of a Wistaria
close to a post between 5 and 6 inches in diameter,
but, though aided by me in many ways, they could
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not wind round it. This apparently was due to the
flexure of the shoot, whilst winding round an object
so gently curved as this post, not being sufficient 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 revclution 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 Hitbertia dentata, showed but little
tendency to turn upwards. In other cases, as with the
Cryptostegia grandiflora, several internodes which were
at first flexible and revolved, if they did not succeed In
twining round a support, become quite rigid, and sup-
porting themselves upright, carried on their summits
the younger revolving internodes.

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

The Rade of Revolution of various Twining Plants.

(AcoryLEDONS.)
Lygodium scandens (Polypodiaces) moves against the sun.

B, M.
June 18, 1st circle wasmadein . 6 0
bl 187 dnd o 6 15 (late in evening)
fp LR R o e . Db 32 (very hot day)
» 19: 4th » » n o« 2010 (Vcry hot dﬂ}'}
» 20; 5th * n » » 6 O
Lygodium articulatum moves against the sun.
H M.
July 19, 1st circle was made in . 16 30 (shoot very young)
”» ml 2!](1 n » ” - 15 0
» mv Srd ” » ” -l 8 O
» 22: 4th » » » . 10 30
(MoX0COTYLEDONS.)
Ruscus androgynus (Lilincem), placed in the hot-house, moves
against the sun.
n M.
May 24, 1st circle was made in . 6 14 (shoot very young)
» 25) 2!1(1 » £F) ” . 2 21
» 251 3“1 » » ” . 8 37
M 25’ 4th 13 » ”» . 3 m
”n 26! Sth ” = » . 2 w
ST (ot L 5 L RS
L0 SRS U R S

* I am mueh indebted to Dr,
Hooker for baving sent me mony
plants from Kew; and to Mr.
Veitch, of the Royal Exotio Nur-
sery, for having generously given
me a collection of fine specimens

of olimbing plants. Professor Asa
Gy, Prof. Oliver, and Dr, Hookex
have afforded me, a8 on many
previous ocensions, mmeh infocs
mation and many references,
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(MoNOCOTYLEDONS, confinued.)

Asparagus (unnamed species from Kew) (Liliacem) moves

against the sun, placed in hothouse.
n o

Dec. 26, 1st circle wasmadein . . . 5 0
2 27) QUd ”» » » . - - 5 40

Tamus communis (Dioscorencem). A young shoot from a

tuber in a pot placed in the greenhouse : follows the sun.
bR N

July, 7, 1st circle was madein . . . 8 10
e Tandii,, 5 = SR ver n 288
» 8; rd n 1 » . . . 8 5
» S,4th ,, » s
» 8; 5th 1 » ” * . .
» 8: Gth » 2 » XN P

Lapagers  sea (Philesiacem), in greenhouse, follows the sun.

RO BO RO
co ot
EEE

n N

March 9, 1si circle was madein . . 26 15 (shoot young)
» 10, semicirele ,, ,, SRR A1
s 11, 2nd circle ,, 2 e et t0
S A Srd e s » . <1580
AN b A S S » . 1415

o 16;6th » . « 8 40 when placed in
the hothouse; but the next day the shoot remained
stationary.

Roxburghia viridiflora (Roxburghiacem) moves against the
sun; it completed a circle in about 24 hours,

(DICOTYLEDONS.)

Humulus Lupulus (Urticaces) follows the sun. The plant
was kept in & room during warm weather.

m N

April 9,2 circles weremadein . . . 4 16
Aug. 13, 3rd circle was ,, s S0
” 14: 4“-1 » » » - . . 2 m

» 14,5th T > Sy A R
» 14, 6th A o RO B o]
Tt B B s Shaed eoRast)
” 14: Sﬂl ” ” » - » 9. 2 4-
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(DICOTYLEDONS, continued.)

With the Hop a semicircle was performed, in fravelling
from the light, in 1 hr. 83 m.; in fravelling to the light, in
1 hr. 18 m. ; difference of rate, 20 m.

Akebia quinata (Lardizabalacem), placed in hothouse, moves

against the sun.
H. M,

March 17, 1st circle was madein . . 4 0 (shoot young)
SR8 2nd o, ey s s a4l
» 18) srd » EE) » . . 1 30
o LR ATV R i e S B R

Stauntonia latifolic (Lardizabalaces), placed in hothonse,
moves against the sun,

B X
March 28, 1st circle was madein . . 3 30
S 7 29: 2!1(1 1 » » . . 3 ‘15

Spherostemma marmoratum (Schizandracew) follows the sun.

n., »,
August 5th, 1st circlo was made inabout . . 24 0
,  bth, 2nd circle was madein . . . . 18 80

Stephania rotunda (Menispermace®) moves against the sun,

May 27, 1st circle was madein . . . b
» 30’ 2nd n n »” . . . 7
June 2, 3rd » » 2 SLEED
O At S T e e 028

Thryallis brachystachys (Malpighiaces) moves against the sun:
one shoot made a ecirele in 12 hrs., and apother in 10 hrs. 80 m.;
but the next day, which was much colder, the first shoot took
10 hrs. to perform only a semicirele.

Hibbertia dentata (Dilleniaces), placed in the hothouse, fol-
lowed the sun, and made (May 18th)a eirclein 7 hrs. 20 m. ; on
the 19th, reversed its course, and moved against the sun, and
madea cirele in 7 hrs.; on the 20th, moved against the sun one-
third of a circle, and then stood still; on the 26th, followed tha
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(D1coTYLEDONS, continued.)

sun for two-thirds of a circle, and then returned to its starting-
point, taking for this double course 11 hra. 46 m.

Sollya Drummeondii (Pittosporacese) moves against the sun
kept in greenhouse.

April 4, 1st circle was made in

st 0 20d 5= - o A

» 6) 31.(1 23 » » A/

Al e e

Polygonum dumetorum (Polygonacem). This case is taken

from Dutrochet (p. 209), as I observed, no allied plant: follows

the sun. Three shoots, cut off a'plant, and placed in water
made circles in 3 hrs. 10 m., 5 hrs. 20 m., and 7 hrs, 15 m.

Wistaria Clinensis (Leguminosa), in greenhouse, moves
against the sun.

(vcry cold day)

B I - NN
ms"o&a.‘

.
May 18, 1st circle was made in o8
» 13! Qnd » » » 3

”» 16: Srd ”n » ”n . . 2

» 2‘!’ 4th ”» » »n . . 3

» 25) 5"11 »n » ”n . . 2
” 2‘5 ‘.th »n » A 2
m

Phaseolus vulgaris (Leguminoss), in greenhonse
the sun.

wi"zgugm.!

0ves ngmnm

n, oM

May, 1st circle was made in . .20
» ‘)nd » » 2 L) ~ - 1 55
) 8rd ” ” 2 . 155

Dipladenia urophylla (Apocynaceae) moves ngnmst the sun.
n oM,
April 18, 1zt cirele wasmadein, . .8 0

” 19: 2nd ” » 2 oy e b
» 30: 3rd ” 2 ” A gy S

Dipladenia crassinoda moves against the sun.
May 16, 1st circle was madein , .,

H ¥
9 5
AR VR R AT S e e gt iy ke

» 21: ard n » » - . . 8 5
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(D1coTYLEDONS, continued.)

Ceropegia Gardneriy (Asclepiadaces) moves against the sun.
Shoot very young, 2inches g
arélemgiixe USRS ST
Shoot still young R e and, ” ” n "
Long shoot 5 s B s e o
LODg 0T g m b R AR » » ” ”
I.Ollg gshoot . *~ . . . b6th ” I 2 »

[

.
}lst circle was performed in 7

E6&c

(=S B i |

Ll
Stephanatis floribunda (Asclepiadaces) moves against the snn
and made a cirele in 6 hrs. 40 m., a second circle in about 9 hrs.

Hoya carncse (Asclepindaces) made several cireles in from
16 hrs, to 22 hrs. or 24 hrs.

Ipomaa purpuren (Convolvulaces) moves against the sum,
Plant placed in room with lateral light. i

Semicircle, from the light in
1st circle wos mado in 2hrs. 42m.{ 1 hr. 14 m,, to the light
1 hr. 28 m. : difference 14 m.
Semicircle, from the light in
2nd eirele was made in 2 hrs 47m.! 1 hr. 17 m., to the light 1 hr.

80 m.: difference 13 m.

Tpomea jucunda (Convolvulaces) moves against the sun, placed
in my study, with windows facing the north-cast. Weather hot.

Semicirele, from the light in
1st cirele was made in 5 hrs. 30 m.] 4 hrs. 30 m., to the light 1 hr.
0 m.: difference 3 hrs 30 m.
2nd circle was m:}de i 5 hrs. Semicirele, from the light in

20m.. (late in aflernoon: | gy 50 m., fo the light 1 hr,

circle completed at 6 hys. 40m. | g5 qiee oh e 9 hirs 20 m
PatL) :

We have here & remarkablo instance of the power of light in
retarding and hastening the revolving movement. (See EriraTa.)

Convalendus sepium  (large-flowered cultivated var) moves
against tho sun. Two cireles, were made each in 1 hr, 42 m,;
difference in semicirele from and to the light 14 m.
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(D1cOTYLEDONS, continued.)

Rivea tiliafolia (Convolvulacem) moves against the sun,
made four revolutions in 9 hrs.; so that, on an average, each
was performed in 2 hrs. 15 m.

LPlumbago rosea (Plunbaginacem) follows the sun. The shoot

did not begin to revolve until nearly a yard in height; it then

made a fine circle in 10 hrs. 45 m. During the next few days it
continued to move, but irregularly. On August 15th the shoot
followed, during a period of 10 hrs. 40 m., a lcng and deeply
zigzag course and then made a broad ellipse. The figure
apparently represented three ellipses, each of which averaged
3 hrs. 83 m. for its completion.

Jasminum pauciflorum, Bentham (Jasminaces), moves against
the sun. A circle was made in 7 hrs. 15 m., and a second rather
more quickly.

Clerodendrum Thomsonii (Verbemiccm) follows the sun.

M. e,
April 12, 1st circle was madein . 5 45 (shoot very young)
5 14,2nd...,, ~ - . 330
(directly after the
» 18, a semicircle - . b5 0 { plant was shaken
on being moved)
19, 8rd circle ,, ~ B0
20,4th ,, 5, 5, . 420

Tecoma jusminoides (Bignoniacem) moves against the sun.
" wm

March 17, 1st circle was madein . 6 30

19. Ind » » ”» T )

o 22,8rd 0 w . 8 80 (very cold day)
” 21, ‘1t]1 ” 1" » - 6 45

Lhunbergia alata (Acanthiace) moves against sun, |

H M,
April 14, 1st eircle was made in . 3 20
LacAd2nd S s s . 25
n 18,8d , , , . 2
Fopy 2L ST - " 3

&8

(late in afternoon)
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(D1cOTYLEDONS, confinued.)

Adhadota cydonafolia (Acanthaces) follows the sun. A young
shoot made a semicircle in 24 hrs.; subsequently it made s
circle in between 40 hrs. and 48 hrs. Another shoot, however,
made a eircle in 26 hrs. 30 m,

Mikania scandeng (Composit®) moves against the sun.

un »,

March 14, 1st ¢.rcle was made in 3 10
» 15: 211& » » » 3 0

" 16: 31‘(1 n ” 2

n 17) 4“" » » ”
Apl'll 7: St‘h » » »

1o 09 o
8o

This circle was made
fter & copious water-
} 40! * P
ARG O, e 2 ing with cold water at
47° Fahr.

Combretum argenteum (Combretaoeze) moves against the sun,

Kept in hothouse.

. M
Early in morning, when
Jan. 24, 1st circle was made in 2 55! the temperature of the

house had fallen o little,
» 24, 2 circles each at an

average of . 22
» 25, 4th circle was madc in 2 25

Combretum purpureum rovolves not quite so quickly as ¢
argenteum,

Loasa aurantiaca (Loasaces). Revolutions variable in theiy
course: a plant which moved against the sun.

June 20, 1st circle was made in .
» %! “)‘nd » » »
» m} 3“1 » ” ”
» 21) 4"‘1 » ” »
” ”’ 5"] » » n
n m’ Gth » n »

(SRR SR
agaoag.ﬁ




o —

R i i S e

]
i
l

Crar. L TWINING PLANTS, 31

(DICOTYLEDONS, continued.)

Another plant which followed the sun in its revolutions.
n, o,

July 11, 1st circle was madein . . . 151
Sl T 2nd 5 R SR L 4D Very hot day.

Sy BEE G Bt e e Head gl
5 b g 01 TR PN 3 PRl
el oths ot S 200

Scyphanthus elegans (Loasaces) follows the sun.

June 13, 1st circle was madein . .
13 2nd i, T et Sl e T,
14; 31’d » i) » . ' .
AP NS O B o L e B

»n 14: Sth » » »

RO b b e e
Lo
wBESER

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

(shoot extremely
young)
26, Ist circle 5, & . 10 15 (shoot still young)
2 30, Znd » » » . 855
Jung 2,8rd 3 . . 811
BN ) 6
7
8

LA A
May 25, semicircle was made in . 10 27 {

"

Taken from the

20 hothounse, and

36 placed in & room
in my house.

”» 8) 5th n » » .
5 9, 6th » » »

Manettia bicolor (Cinchonacese), young plant, follows the sun.
July 7, 1st circle was made in .

» 8: 2!1(1 » ”» » . - .
» 9’ 8rd ” ”» » .

[N
B Tx

Lonicera brachypoda (Caprifoliacer) follows the sun, kept in a
Warm room in the house.

nwooM,
April, 1st circle was made in . 9 10 (about)
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(DICOTYLEDONS, continued.)

oM,

Aprl, 20d cirolo was made fn 1 90 { (& dstinct shook Rery
young, on same plant)

LA 3rd n ” n . 7 30 .
Mn this latter ecirele,
the semicirele from
the light took 5 hrs,
23 m., and to the
light 2 hrs. 37 min.:
difference 2 hrs 46m.

Aristolochia gigas (Aristolochiacem) moves against the sun.

July 22, 1st circle was made in | é" ‘(l) (rather young shoot) :
oy ST I S < 15 '7‘1
- 24, Srd » » ” . 5 0 (nbout) \';1

In the foregoing Table, which includes twining :
plants belonging to widely different orders, we see
that the rate at which growth travels or circulates

round the axis (on which the revolving movement }
depends), differs much. As long as a plant remains ]
under the same conditions, the rate is often remarkably | I
uniform, as with the Hop, Mikania, Phaseolus, &c. The i

Seyphanthus made one revolution in 1 hr. 17 m., and
this is the quickest rate observed by me; but we shall
hereafter see a tendril-bearing Passiflora revolving
more rapidly. A shoot of the Akebia quinata made a :
revolution in 1 hr. 30 m., and three revolutions at the ;
average rate of 1 hr. 38 m.; a Convolvulus made two

revolutions at the average of 1 hr. 42 m., and Phaseolus

vulgaris three at the average of 1 hr. 57 m. On the

other hand, some plants take 24 hrs. for a single
revolution, and the Adhadota sometimes required

48 hrs.; yet this latter plant is an efficient twiner.
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Species of the same genus move af different rates.
The rate does not seem governed by the thickness of
the shoots : those of the Sollya‘are as thin and flexible
as string, but move more slowly than the thick and
fleshy shoots of the Ruscus, which seem little fitted for
movement of any kind. The shoots of the Wistaria,
which become woody, move faster than those of the
herbaceous Ipomaa 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 same plant may some-
times be seen revolving at different rates. The two or
three, or even more, internodes which are first formed
above the cotyledons, or above the root-stock of a
perennial plant, do not move ; they can support them-
selves, and nothing superfluous is granted.

A greater number of twiners revolve in a course
opposed to that of the sun, or to the hands of a watch,
than in the reversed course, and, consequently, the
majority, as is well known, ascend their supports from
left to right. Occasionally, though rarely, plants of
the same order twine in opposite directions, of which
Mohl (p. 125) gives a case in the Leguminosa, and we
have in the table another in the Acanthacem. I have
seen no instance of two species of the same genus
twining in opposite directions, and such cases must be
rare ; but Fritz Miiller * states that although Mikania

* Journal of the Linn. Soc. interesting paper, in which ha
(Bot.) vol ix. p. 844, I shall corrects or confirms various states
hn:e oceasion often to quote this  ments made by we.

D
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scandens twines, as I have described, from left to right,
another species in South Brazil twines in an opposite
direction. It would have been an anomalous ciremm-
stance . if no such cases had occurred, for different
individuals of the same species, namely, of Solanum
duteamara (Dutrochet, tom. xix. p. 299), revolye and
twine in two directions : this plant, however, is & most
feeble twiner. Loasa aurantiaca (Léon, p. 351) offers
a much more curious case: I raised seventeen plants:
of these eight revolved in opposition to the sun and
ascended from left to right; five followed the sun and
ascended from right to left; and four reyolved 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 Seyphanthus elegans,
habitually twines in this same manner. I raised
many plants of it, and the stems of all took one
turn, or occasionally two or even three turni in
one direction, and then, ascending for a short space
straight, reversed their course and took one or two
turns in an opposite direction. The ' reversal of
the curvature occurred at any point in the stem,
even in the middle of an internode. Had T not
geen this case, I should have thought its oceurrence

¢ I raised nine plants of the of these also reversed thelr spire
hybrid Loasa Herlbertii, and six  in ascending + suppors.
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most improbable. It would be hardly possible with
any plant which ascended above a few feet in height,
oravhich lived in &n 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 moderatel; rigid.
With leaf-climbers, as we shall soon see, analogons
cases frequently oceur ; but these present no difliculty,
as the stem is secured by the clasping petioles.

In the many other revolving and twining plants
observed by me, I never but twice saw the movement
reversed ; once, and only for a si ort space, in Ipomaa
Jucunda ; but frequently with Hibbertia dentata. This
plant at first perplexed me much, for I eontinually
observed its long and flexible shoots, evidently well
fitted for twining, make a whole, or half, or quarter
circle in one direction and then in an opposite
direction ; consequently, when I placed the shoots
near thin or thick sticks, or perpendicularly stretched
string, they seemed as if constantly trying to ascend,
but always failed. I then surrounded the plant with &
mass of branched twigs; the shoots ascended, and
passed through them, but several came out laterally, and.
their depending extremities seldom turned upwards as
is usual with twining plants. Finally, I surrounded
a 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 parallel sticks, sometimes winding round one and
so.metimea round several; and tho shoots travelled

D 2
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laterally from one to the other pot; but as the
plants grew older, some of the shoots twined regu-
larly up thin upright sticks. Thongh the revolvimg
movement was sometimes in one direction and some-
times in the other, the twining was invariably from
left to right ;* so that the more potent or persistent
movement of revolution must have been in opposition
to the course of the sun. It would appear that this
Hilbbertia is adapted both to ascend Ly twining, and to
ramble laterally through the thick sustralian serub.

I have described the above case in some detail,
because, as far as I have seen, it is rare to find any
special adaptations with twining plants, in which
respect they differ much from the more highly organ-
ized tendril-bearers. The Solurnum dulcamara, 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
different thicknesses. Our English twiners, as far as
I have secn, never twine round trees, excepting the
honeysuckle (Lonicera periclymenum), which I have
observed twining up a young beech-tree nearly 4%
inches in diameter. Mohl (p. 134) found that the
Phaseolus multiflorus and Ipomea purpurea could not,

* In another genus, namely
Davills, belonging to the same
family with Hibbertia, Fritz
Miller says (ibid. p, 849) that
tthe stem twines indifferently
from left to right, or from right to

left ; and I once gaw a shoot which
ascended a tree about five inches
in dismeter, réverse its course in
the same manner a8 so froquently
occurs with Lonsa."”
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when placed in a room with the light entering on one
gide, twine round sticks between 3 and 4 inches in
diameter ; for tis interfered, in a manner presently
to be explained, with the revolving movement. In the
open air, however, the Phaseolus twined round a
support of the above thicknces, but failed in twining
round one 9 inches in diameter. Nevertheless, some
twiners of the warmer temperate regions ean manage
this latter degree of thickness; for I hear from

r. Hooker that at Kew the Ruscus androgynus has
ascended acolumn 9 inches in diameter ; and although
a Wistaria grown by me in a small pot tried in vain
for weeks to get round 2 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 parviflora, one of the Menispermacetwe, and
with some Dalbergias and other Leguminose.* This
power would be necessary for any species which had
to ascend by twining the large trees of a tropical forest
otherwise they would hardly ever be able to reach the
light. In our temperate countries it would be injurious
to the twining plants which die down every year if

* Fritz Miller states (ibid. p. ispermacem. Ho adds in his
849) that he gaw on one occasion in letter to me that most of the
the forests of South Brazila trunk  climbing plants which thero
about five feet in circumference nascend thick trees, aro root-
spirally nscended by a plant, climbers; some being tndril
epparently belonging to the Men-  bearers.
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they were enabled to twine round trunks of trees, for
they could nof grow tall enough in a single season to
reach the summit and gain the light.

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

As ferns differ so much in structure from phanero-
gamic plants, it may be worth while here to show that
twining ferns do not differ in their habits from other
twining plants. In Lygedium articulatum the two
internodes of the stem (properly the rachis) which
are first formed above the root-stock do mot move;
the third from the ground revolves, but at first very
slowly. This species is a slow revolver: but I,
scandens made five revolutions, each at the average
rate of 5 hirs. 45 m. ; and this represents fairly well the
usual rate, taking quick and slow IMOYers, amongst
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phanerogamic plants. The rate was accelerated by
increased temperature. At each stage of growth only
the two upper internodes revolved. A line painted
along the convex surface of a revolving internode
becomes first lateral, then concave, then lateral and
nltimately again convex. Neither the internodes nor
the petioles are irritable when rubbed. The movement
is 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
direction. After the young internodes have twined
round a stick, their continued growth causes them to
slip a little upwards. If the stick be soon removed,
they straighten themselves, and recommenee revolving.
The extremities of the depending shoots turn upwards,
and twine on themselves. In all these respeets we
have complete identity with twining phanerogamic
plants; and the above enumeration may serve as a
gummary of the leading characteristics of all twining
plants.

The power of revolving depends on the gemeral
health and vigour of the plant, as has been laboriously
shown by Palm. But the movement of each separate
internode is so independent of the others, that cutting
off an upper one does not affect the revolutions of a
lower one. When, however, Dutrochet eut 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 a less degree.
I have repeatedly observed that carrying a plant from
the greenhouse to my room, or from one part to
another of the greenhouse, always stopped the move-
ment for a time; hence I conclude that plants in a
state of nature and growing in exposed situ: tions,
would not make their revolutions during very stormy
weather. A decrease in teraperature always caused a
considerable retardation in the rate of revolution; but
Dutrochet (tom. xvii. pp. 994, 996) has given such
precise observations on this head with respect to the
common pea that I need say nothing more. When
twining plants are placed near a window in a room,
the light in some cases has a remarkable power
(as was likewise observed by Dutrochet, p. 998, with
the pea) on the revolving movement, but this differs
in degree with different plants ; thus Ipomea jucunda
made a complete circle in 5 hrs. 30 m.; the semi-
circle from the light taking 4 hrs. 30 m., and that
towards the light only 1 hr. Lonicera brachypoda
revolved, in a reversed direction to the Ipomea, in
8 hrs. ; the semicircle from the light taking 5 hrs. 23 m.,
and that to the light only 2 hrs. 37 m. From the
rate of revolution in all the plants observed by me,
being nearly the same during the night and the
day, I infer that the action of the light is confined to
retarding one semicircle and accelerating the other,
so 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 dev?:loped on
the young and thin revolving internodes. It is all
the more remarkable, as 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 & few miscellaneous and curious cases. With
most twining plants all the branches, however many
there may be, go on revolving together; but, ac-
cording to Mohl (p. 4), only the lateral branches of
Tamus elephantipes 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 ..gorously. My plants of
Combretun, argentewm and C. purpurewmn made nume-
rous short Lealthy shoots; but they showed no signs
of revolyving, and I could not conceive how these
plants could be climbers ; but at last C. argenteum put
forth from the lower part of one of its main branches
a thin shoot, 5 or 6 feet in length, differing greatly
in appearance from the previous shoots, owing to its
leaves being little developed, and this shoot re-
volved vigorously and twined. So that this plant
produces shoots of two kinds. With Periploca Grzea
(Palm, p. 43) the uppermost shoots alone twine.
Polygonum convolvulus twines only during the middle
of the summer (Palm, p. 43, 94); and plants growing
vigorously in the autumn show no inclination to
climb. The majority of Asclepiadacese are twiners;
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but Asclpias nigra only “in fertiliori solo incipit
scandere subvolubili caule” (Willdenow, quoted and
confirmed by Palm, p. 41). Aselepias vincetozicum does
not regularly twine, but occasionally does so (Palm,
p- 42; Mohl, p. 112) when growing under certain
conditions. So it is with two species of Ceropegia, as I
hear from Prof. Harvey, for these plants in their
native dry South African home generally grow erect,
from 6 inches to 2 feet in height,—a very few taller
specimens showing some inclination to curve; but
when cultivated near Dublin, they regularly twined
up sticks 5 or 6 feet in height. Most Convolvulacem
are excellent twiners; but in South Africa Ipomaa
argyreoides almost always grows erect and compact,
from about 12 to 18 inches in height, one specimen
alone in Prof. Harvey’s collection showing an evident
disposition to twine. On the other hand, scedlings
raised near Dublin twined up sticks above 8 feet in
height. These facts are remarkable; for there can
hardly be a doubt that in the dryer provinces of
South Africa these plants have propagated themselves
for thousands of generations in an erect condition ;
and yet they have retained during this whole period
the innate power of spontaneously revolving and
twining, whenever their shoots become elongated
under proper conditions of life. Most of the species
of Phaseolus are twiners; but certain varieties of the
P. multiflorus produce (Léon, p. 681) two kinds of
shoots, some upright and thick, and others thin and
twining. I have seen striking instances of this curious
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cage of variability in “Fulmer’s dwarf forcing-bean,”
which occasionally 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
a thicket merely scrambles up between the branches
without twining; but when, according to Dutrochet
(tom. xix. p. 209), it grows near a thin and flexible .
support, such as the stem of a nettle, it twines round
it. I placed sticks round several plants, and vertically
stretched strings close to others, and the strings alone
were ascended 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 seem 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 a
family abounding with twiners and tendril-bearers, but
which elimbs, like the ivy, by the aid of rootlets, we
may suspect that a former habit of twining has been
lost, for the stem exhibited slight irregular movements
which could hardly be accounted for by changes in the
action of the light. There is no difficulty in under-
standing how a spirally twining plant could graduate
into a simple 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, as they would then ascend
their supports in a more direct line.*

* Fritz Maller has published climbing plants in ¢ Bot. Zeitung,’
some interesting facts and views 1866, pp. 57, 65.
on the structure of the wood of

Ll
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CHAPTER IL

LEav-CLiymens.

Plants which climb by the aid of spontaneonsly revolving and sensitive
petioles — Clamatis — Tropwolum — Maurandia, flower-peduncles
moving spoutancously and sensitive to o touch—Rhodockiton—
Lophospermum — internodes sensitive.— Solanum, thickening of
the clasped petioles—Fumaria—Adlumia—FPlants which climb by
the aid of their produced midribs — Gloricsa — Flagellaria—
Nepenthes—Summary on leaf-climbers.

WE now come to our second elass of climbing plants,
namely, those which ascend by the aid of irritable or
sensitive organs. For convenience’ sake the plants
in this class have been grouped under two sub-divisions,
namely, leaf-climbers, or those which retain their
leaves in a funetional condition, and tendril-bearers.
But these sub-divisions graduate into each other, as
we shall see under Corydalis and the Gloriosa lily.

It has long been observed that several plants climb
by the aid of their leaves, either by their petioles (foot-
stalks) or by their produced midribs; but beyond this
simple 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
classification, though artificial, has at least some advan-
tages. Leaf-climbers are, moreover, intermediate in
many respects between twiners and tendril-bearers.
Eight species of Clematis and seven of Tropaolum were
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observed, in order to sce what amount of difference
in the manner of climbing existed within the same
genus; and the differences are considerable,
CreyATis.—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 8 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
leaves of this tropical speeies, 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 a 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 side:
afterwards becoming straight again. The under side
seemed to be the most sensitive ; but the sensitiveness
or irritability is slight compared to that which we
ghall meet with in 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 leaves which had naturally
caught hold of two thin branches. A forked twig placed
go as to press lightly on the under side of a young

il
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footstalk 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
been removed, the leaf slowly recovered its former
position.

The youngleaves spontaneously and gradually change
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.
Clematis glandulosa.
With two young leaves clasping two twigs, with the clasping portions thickened.

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

Clematis 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 €. glandulosa ; for a loop of thread weighing
a quarter of a grain (16-2 mg.) caused them to bend;
a loop weighing only one-eighth of a grain (81 mg.)
sometimes acted and sometimes did not act. The
sensitiveness extends from the blade of the leaf to
the stem. I may here state that I ascertained in
all cases the weights of the string and thread used
by carefully weighing 50 inches in a chemical balance,
and then cutting off measured lengths. The main
petiole carries three leaflets; but their short, sub-
petioles are mot sensitive. A young, inclined shoot
(the plant being in the greenhouse) made a large
circle opposed to the course of the sun in 4 hrs. 20 m.,
but the mext 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

s AR
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clasped the stick, was that 5f a man standing by a
column, who throws his arm horizontally round it.
With respect to the stem’s power of twining, some
remarks will be made under C. ecalycina.

Clematis Sieboldi.—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,
excepAﬁng that the sub-petioles of the lateral and
terminal leaflets are sensitive. A loop of thread,
weighiig one-eighth of a grain, acted on the main
petiole, but not until two or three days had elapsed.
The leaves have the remarkable habit of spon-
taneously revolving, generally in vertical ellipses, in
the same manner, but in a less degree, as will be
deseribed under C. microphylla.

Olematis calycina.—The young shoots are thin and
flexible: one revolved, describing a broad oval, in
3 hrs. 30 m,, and anotherin 6 hrs. 12m. They followed
the course of the sun; but the course, if observed long
enough, would probably be found to vary in thisspecies,
as well as in all the others of the genus. It is a rather
better twiner than the two last species: the stem some-
times made two spiral turns round a thin stick, if free
from twigs; it then ran straight up for a space, and
reversing its course took one or two turns in an
opposite direction. This reversal of the spire oceurred
in all the foregoing species. The leaves are so simall
compared with those of most of the other species, that
the petioles at first scem ill-adapted for clasping.
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Nevertheless, the main service of the revolving move-
ment is to bring them into contact with surrounding
objects, which are slowly but securely seized. The
young petioles, which alone are sensitive, have their
ends bowed a little downwards, so as to be in a slight
degree hooked ; ultimately the whole leaf, if it catches
nothing, becomes level. I gently rubbed with a thin
twig the lower surfaces of two young petioles; and in
2 hrs. 30 m. they were slightly curved downwards; in
5 hrs., after being rubbed, the end of one was bent
completely back, parallel to the basal portion ; in 4 hrs.
subsequently it became nearly straight again. To
show how sensitive the young petioles are, I may
mention that I just touched the under sides of two
with a little water-colour, which when dry formed
an excessively thin and minute ecrust; but this
sufficed in 24 hrs. to cause both to bend downwards.
Whilst the plant is young, each leaf consists of three
divided leaflets, which barely have distinct petioles,
and these are not semsitive; 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 a less strongly marked
manner, and will here be deseribed once for all. The
elasped petiole in the course of two or three days
gwells greatly, and ultimately becomes nearly twice as
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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 surface gencrally
becomes 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 Ieaf 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 obvious, 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 circles. Four revolutions were completed
within five minutes of the same average rate of
1 hr. 51m.; so that this specics moves more quickly
than the others of the genus. The shoots, when placed
near a vertical stick, either twine round it, or clasp it

E 2
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with the sasal portions of their petioles. The leaves
whilst young are nearly of the same shape as those
of O witicella, and act in the same manner like a hook,
as will be described under that species. But the leaflets
are more divided, and each segment whilst young
terminates in a hardish point, which is much curyved
downwards and inwards ; so that the whole leaf readily
catches hold of any neighbouring object. The petioles
of the young terminal leaflets are acted on by loops
of thread weighing ith and even {Lth of a grain.
The basal portion of the main petiole is much
less sensitive, but will clasp a stick against which it
presses.

The leaves, whilst young, are continually and sponta-
neously moving slowly. A bell-glass was placed over
a shoot secured to a stick, and the movements of the
leaves were traced on it during several days. A very
irregular line was generally formed ; but one day, in
the course of eight hours and three quarters, the
figure clearly represented three and a half irregular
ellipses, the most perfect one of which was completed
in 2hrs. 35m. The two opposite leaves moved
independently of each other. This movement of the
leaves would aid that of the internodes in bringing
the petioles into contact with surrounding objects,
I discovered this movement too late to be enabled to
observe it in the other species; but from analogy I
can hardly doubt that the leaves of at least C. viticella,
C. flammula, and C. vitalla move spontaneously ; and,
judging from C. Sieboldy, this probably is the case with




- 2

Caar. IL. OLEMATIS, 53

C. montana and C. calyeina. 1 ascertained that the
simple leaves of C. glandulosa exhibited no sponta-
neous revolving movement.

Clematis viticella, var. venosa.—1In this and the two
following species the power of spirally twining is
completely lost, and this seems due to the lessened
flexibility of the internodes and to the interference
caused by the large 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 direction of the light, at an average rate of
2 hrs. 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 4%
inches, and that by the apex of the penultimate inter-
node only 1} inch. At the most favourable period of
growth each leaf would hardly be carried to and fro
by the movement of the internodes more than two or
three inches, but, as above stated, it is probable that
the leaves themselves move spontaneously. The move-
ment of the whole shoot by the wind and by its rapid
growth, would probably be almost equally eflicient as
these spontaneous movements, in bringing the petioles
into contact with surrounding objects,

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

Fig. 2.
A young 1eaf of Clematis witicedla,

readily become entangled with surrounding objects,
[f they catch nothing, the whole petiole ultimately
grows straight. The main petiole, the sub-petioles,
and the three branches into which each basi-lateral
sub-petiole is generally subdivided, are all sensitive,
The basal portion of the main petiole, between tha
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 surface
of the rectangularly bent terminal portion (carrying
the terminal leaflet), which forms the inner side of the
end of the hook, is the most sensitive part; and this
portion i manifestly best adapted to catch a distant
support. To show the difference in sensibility, I
gently placed loops of string of the same weight (in
one instance weighing only ‘82 of a grain or 53:14 mg.)
on the several lateral sub-petioles and on the terminal
one; in a few hours the latter was bent, but after
24 hrs. no effect was prodaunced on the other sub-petioles.
Again, a ferminal sub-petiole placed in contact with a
thin stick became sensibly eurved in 45 m., and in
1hr. 10m. moved through ninety degrees; whilst
» lateral sub-petiole did not become sensibly curved
until 8hrs. 30m. had elapsed. In all cases, if the
sticks are taken away, the petioles continue to move
during many hours afterwards; so they do after a
slight rubbing ; but they become straight again, after
about a day's interval, that is if the flexure has not
been very great or long eontinued.

The graduated difference in the extension of the
sonsitiveness in the petioles of the above-described
species deserves notice. In C. monfana it is confined
to the main petiole, and has not spread to the sub-
petioles of the three leaflets ; so it is with young plants
of C. calycina, but in older plants it spreads to the
three sub-petioles. In C. viticella the sensitiveness has
spread to the petioles of the seven leaflets, and to the
subdivisions of the busi-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 C.
montana; whilst it has increased in the abruptly bent
terminal portion.

Clematis flammula.—The rather thick, straight, and
stiff shoots, whilst growing vigorously in the spring,

make small oval revolutions, following the sun in their

course. Four were made at an average rate of 3hrs,
45m. The longer axis of the oval, described by the
extreme tip, was directed at right angles to the line
Joining the opposite leaves; its length was in one case
only 1%, and in another case 1% inch; so that the
- young leaves were moved a very short distance. The
shoots of the same plant observed in midsummer,
when growing not so quickly, did not revolve at all.
I eut down another plant in the early summer, so that
by August 1st it had formed new and moderately
vigorous shoots; these, when observed under a bell-
glass, were on some days quite stationary, and on
other days moved to and fro only about the eighth of
an inch.  Consequently the revolving power is much
enfecbled in this species, and under unfavourable cir-
cumstances is completely lost. The shoot must deperd
for coming into contact with surrounding objects on the
probable, though not ascertained spontaneous moye-
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 sensitivencss as 4 com-
pensation for the little power of movement in the ghoots,
The petioles are bowed downwards, and have the
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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 here greater than in any other species
of the genus observed by me, and is in itself remark-
able, I 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
gruem to a quarter of an inch in length (that is, about
une—sixth/ of its full size), the sensitiveness is highest;
but atthis period the petioles are relatively much
more f‘ully developed than are the blades of the leaves.
Full-2rown petioles are not in the least sensitive, A
thin stick placed so as to press lightly against a
petisle, having a leaflet a quarter of an inch in length,

‘cansed the petiole to bend in 3hrs. 15m. In another

case a petiole curled completely round a stick in
12 hrs. These petioles were left curled for 24 hrs,, and
the sticks were then removed:; but they never
straightened themselves. I took a twig, thinner than
the petiole itself, and with it lightly rubbed several
petioles four times up and down; these in 1 hr. 45 m.
became slightly curled ; the curvature increased during
some hours and then began to decrease, but after 25 hrs.
from the time of rubbing a vestige of the curvature re-
mained. Some other petioles similarly rubbed twice, that
is, once up and once down, became perceptibly curved
in about 2 hrs. 30m., the terminal sub-petiole moving
more than the lateral sub-petioles; they all became
straight again in between 12hrs. and 14 hrs. Lastly, a
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lengtl of about one-eighth 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
11 hrs., but by the next morning was quite straight.
The following observations are more precise. After
trying heavier pieces of string and thread, I placed a
loop of fine string, weighing 104 gr. (674 mg.) on a
terminal sub-petiole: in 6 hrs. 40 m. a curvature could
be seen; in 24 hrs, the petiole formed an open ring round
the string ; in 48 hrs. the ring had almost closed on the
string, and in 72 hrs. seized it so firmly, tha¥ some
force was necessary for its withdrawal. A loop weighing
-52 of a grain (33:7 mg.) caused in 14 hrs. a lateral sub-
petiole just perceptibly to curve, and in 24 hes. it
moved through ninety degrees. These observations were
made during the summer: the following were made
in the spring, when the petioles apparently are more
sensitive :—A loop of thread, weighing one-eighth of a
grain (81 mg.), produced no effect on the lateral sub-

petioles, but placed on a terminal one, caused it, after *

24 hrs,, to curve moderately ; the curvature, though the
loop remained suspended, was after 48 hrs. diminished,
but never disappeared ; showing that the petiole had
beeome partially accustomed to the insufficient stimulus,
This experiment was twice repeated with nearly the
same result. Lastly, a loop of thread, weighing only
one-sixteenth of a grain (4:05 mg.) was twice geutl.y
placed by a forceps on a terminal sub-petiole (the
plant being, of course, in a still and closed room), and
this weight certainly caused a flexure, which very
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slowly increased until the petiole moved through nearly
ninety degrees: beyond this it did not move; nor did
the petiole, the loop remaining suspended, ever become
perfeetly straight again.

‘When we consider, on the one hand, the thickness
and stiffiness of the petioles, and, on the other hand,
the thinness and softness of fine ecotton thread, and
what an extremely small weight one-sixteenth of a
grain (405 mg.) is, these facts are remarkable. But
I have reason to believe that even a less weight excites
curvature when pressing over a broader surface than
that acted on by a thread. Having noticed that
the end of a suspended string which accidentally
wuched a petiole, caused it to bend, I took two
pieces 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 stretched, would per-
mit; I then quietly placed their ends so as just
to rest on two petioles, and these certainly became
curved in 86 hrs. One of the ends touched the angle
between a terminal and lateral sub-petiole, and it was
in 48 hours caught between them as by a forceps. In
these cases the pressure, though spread over a wider
gurface than that touched by the cotton thread, must
have been excessively slight. "

Clematis vitalba—The plants were in pots and not
healthy, so that I dare not trust my observations, which
indicate much similarity in habits with C. flammula. 1
mention this species only because T have seen many
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proofs that the petioles in a state of nature are excited
to movement by very slight pressure. For instance,
I have found them embracing thin withered blades
of grass, the soft young leaves of a maple, and the
flower-peduncles of the quaking-grass or Briza. The
latter are about as thick as the hair of a nan's
beard, but they were completely surrounded and elasped.
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 to their
having come, whilst young, into contact during several
hours with some object subsequently removed. With
none of the above-described species, cultivated in pots
and carefully observed, was there any permanent
bending of the petioles without the stimulus of contact.
In winter, the blades of the leaves of C. vitalba drop
off; but the petioles (as was observed by Mohl)
remain attached to the branches, sometimes during
two seasons; and, being convoluted, they curiously
resemble true tendrils, such 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 funetion.

Tropxorva.—l observed T. tricolorum, T. azureum,
T. pentaphyllum, T. peregrinum, T. elegans, T. tuberosum,
and a dwarf variety of, as I believe, T. minus.

Tropaolum tricolorum, var. grandiflorum.—The
flexible shoots, which first rise from the tubers, are




S

Cuar. 1L TROPEOLUM. 61

as thin as fine twine. One such shoot revolved in a
course opposed to the sun, at an average rate, judging
from three revolutions, of 1hr. 23 m.; but no doubt
the direction of the revolving movement is variable.
‘When the plants have grown tall and are branched,
all the many lateral shoots revolve. The stem, whilst
young, twines regularly round a thin vertical stick,
and in one case I counted eight spiral turns 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
reversed direction. Until the plant grows to a height
of two or three feef, requiring about a month from the
time when the first shoot appears above ground, no
true leaves are produced, but, in their place, filaments
coloured like the stem. The extremities 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 are produced with slightly enlarged tips, then
others, bearing on each side of the enlarged medial tip
a rudimentary segment of a leaf ; soon other segments
appear, and at last a perfect leaf is formed, with seven
deep segments. So that on the same plant we may see
every step, from tendril-like clasping filaments to perfect
leaves with clasping peticles. After the plant has grown
to a 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; so that they perform only a temporary service.
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These filaments or rudimentary leaves, as well as
the petioles of the perfect leaves, whilst young, are
highly sensitive on all sides to a touch. The slightest
rub caused them to curve towards the rubbed side in
about three minutes, and one bent itself into a ring
in six minutes; 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
2atch no objeet, after standing for some days in their
ariginal position, spontaneously and slowly oscillate a
little from side ‘to side, and then move towards the
stem and clasp it. They likewise often become, ufter
a time, in some degree spirally contracted, They
therefore fully deserve to be called tendrils, as they
are used for climbing, are sensitive to a touch, move
spontaneously, and ultimately contract into a spire,
though an imperfect one. The present species wonld
have been classed amongst the tendril-bearers, had not
these characters been confined to early youth. During
maturity it is a true leaf-climber.

Tropeeolum azurewm.—An upper internode made fonp
revolutions, following the sun, at an average rate of
1hr. 4Tm. The stem twined spirally round 4
support in the same irregular manner as that of the
last species. Rudimentary leaves or filaments

3 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 perceptibly in 5m., and another in Gm.
The former became bent at right angles in 15 min., and
“became straight again in hetween 5 hrs. and 6 hrs. A
loop of thread weighing 1th of a grain caused another
petiole to curve.

Tropeolum pentaphyllum—This species has not the
power of 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 upper inter-
node made three revolutions, following the sun, at an
average rate of 1hr. 46 m. The main purpose of

the revolving movement in all the species of Tro-

pxolum manifestly is to bring the petioles into contact
with some supporting object. The petiole of a young
leaf, aftera slight rub, became curved in 6 m.; another,
on a cold day, in 20 m, and others in from 8 m.
to 10 m. Their curvature usually increased greatly in
from 15m. to 20 m., and they became straight again in
between d hrs. and 6 hrs., but on one oceasion in 3 hrs.
When a petiole has fairly clasped-a stick, it is not able,
on the removal of the stick, to straighten itself. The
free upper part of one, the base of which had already
clasped a stick, still retained the power of movement. A
loop of thread weighing 1th of a grain caused a petiole
to curve; but the stimulus was not sufficient, the loop
remaining suspended, to canse a permanent flexure. If
a much heayvier loop be placed in the angle between
the petiole and the stem, it produces no effect ; whereas
we have seen with Clematis montana that the angle
between the stem and petiole is sensitive.
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Tropaolum peregrinum.—The first-formed internodea
of a young plant did not revolve, resembling in this
respect those of a twining plant. In an older plant
the four upper internodes made three irregular re-
volutions, in a course opposed to the sun, at an average
rate of 1 hr. 48min. It is remarkable that the
average rate of revolution (taken, however, but from
few observations) is very nearly the same in this and
the two last species, namely, 1 hr. 47m,, 1 hr, 46 m.,
and 1hr. 48 m. The present species eannot twine
spirally, which seems mainly due to the rigidity
of the stem. Ina very young plant, which did not
revolve, the petioles were not sensitive. In older
plants the petioles of quite young leaves, and of leaves
as much as an inch and a quarter in diameter, are
sensitiye. A moderate rub caused one to curve in
10 m., and others in 20 m. They became straight
again in between 5 hrs. 45 m. and 8 hrs. Petioles
which have naturally come into contact with a stick,
sometimes take two turns round it. After they have
clasped a support, they become rigid and hard. They
are less sensitive to a weight than in the previons
species ; for loops of string weighing ‘82 of a grain
(5314 mg.), did not cause any curvature, but a loop
of double this weight (164 gr.) acted.

Tropaolum elegans—I did not make many ohser-
vations on this species. The short and stifi internodes
revolve irregularly, describing small oval figrures,
One oval was completed in 3 hrs. A young petiole,

when rubbed, became slightly ‘urved in 17 m. ; and
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afterwards much more so, It was nearly straight again
in 8 hrs.

Tropmolum 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 crooked line; on other days they made
small irregular spires or circles, one being completed
in about 4 hrs. The extreme points reached by the
apex of the shoot were only about one or one and a half
inches asunder; yef this slight movement brought the
petioles into contact with some closely surrounding
twigs, which were then clasped. With the lessenedspower
of spontaneously revolving, compared with that of the
previous species, the sensitiveness of the petioles is
also diminished. These, when rubbed a few times,
did not become curved until half an hour had elapsed ;
the curvature increased during the next two hours,
and then very slowly deereased : so that they some-
times required 24 hrs. to become straight again.
Extremely young leaves have active petioles; one
with the lamina only '15 of an inch in diameter, that
is, about a twentieth of the full size, firmly clasped
a thin twig. But leaves grown to a quarter of their
full size can likewise act,

Tropmolum minus (?).—The internodes of a variety
named “dwarf crimson Nasturtium ” did not revolve,

P
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but moved in a rather irregular course during the
day to the light, and from the light at night. The
petioles, when well rubbed, showed no power of cury-
ing; nor could I see that they ever clasped any
neighbouring object. We have seen in this genus
a gradation from species such as T. ¢ricolorum, which
have extremely sensitive petioles, and internodes which
rapidly revolve and spirally twine up a support, to
other species such as 1. elegans and T. fuberosum, the
petioles of which are much less sensitive, and the in-
ternodes of which have very feeble revolving powers
arfd cannot spirally twine round a support, to this last
species, which has entirely lost or never acquired these
faculties. TFrom the general character of the genus,
the loss of power seems the more probable alternative.

In the present species, in T\ elegans, and probably in
others, the flower-peduncle, as soon as the seed-capsule
begins to swell, spontaneously bends abruptly down-
wards and becomes somewhat convoluted. If a stick
stands in the way, it is to a certain extent clasped ; but,
as far as I have been able to observe, this clasping
movement is independent of the stimulus from contact,

ANTIRRHINEE.—In this tribe (Lindley) of the
Scrophulariaces, at least four of the seven included
genera have leaf-climbing species.

Maurandia Barelayana—A  thin, slightly bowed
shoot made two revolutions, following the sun, each ip
3 hrs. 17 min.; on the previous day this same shoot
revolved in an opposite direction. The shoots do not
twine spiraliy, but climb excellently by the aiq of

—_——— ———
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their young and sensitive petioles. These petioles,
when lightly rubbed, move after a considerable interval
of time, and subsequently become straight again. A
loop of thread weighing 1th of a grain caused them to
bend.

Mavrandia semperflorens.—This freely growing
species climbs exactly like the last, by the aid of its
sensitive petioles. A young internode made two
cireles, each in 1 hr. 46 min. ; so that it moved almost
twice as rapidly as the last species. The internodes
are not in the least sensitive to a touch or pressure. 1
mention this because they are sensitive in a closely allied
genus, namely, Lophospermum. The present species is
unique in one respect. Mohl asserts (p. 45) that “the
flower-peduncles, as well as the petioles, wind like
tendrils;” but he classes as tendrils such objects
as the spiral flower-stalks of the Vallisneria. This
remark, and the fact of the flower-peduncles being
decidedly flexuous, led me carefully to examine
them. They never act as true tendrils; I repeatedly
placed thin sticks in contact with young and old
peduncles, and I allowed nine vigorous plants to
grow through an entangled mass of branches; but
in no one instance did they bend round any object.
It is indeed in the highest degree improbable that
this should oceur, for they are generally developed on
branches which have already securely clasped a
support ky the petioles of their leaves; and when
borne on a free depending branch, they are not
produced by the terminal portion of the internode

F 2
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which alone has the power of revolving; so that they
could be brought only by accident into contact with
any neighbouring object. Nevertheless (and this is
the remarkable fact) the flower-peduncles, whilst
young, exhibit feeble revolving powers, and are slightly
sensitive fo a touch. Having selected some stems
which had firnly clasped a stick by their petioles,
and having placed a bell-glass over them, I traced
the movements of the young flower-peduncles. The
tracing generally formed a short and extremely irre-
gular line, with little loops in its course. A young
peduncle 1} inch in length was carefully observed
during a 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 described 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 enough for
the coloured petals to be just visible, do not move,
With respect to irritability,* I rubbed two young
peduncles (1} inch in length) a few times very lightly
with a thin twig; one was rubbed on the upper, and
the other on the lower side, and they became ip
between 4 hrs. and 5 hrs, distinetly bowed towards

* It appears from A. Kerner's when they are rubbed op shaken .
interesting observations, that the  Die  Schutzmittel des Polleng
flower-peduncles of a large number 1873, p. 34, 1
of piants are irritable, and bend
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these sides; in 24 hrs. subsequently, they straightened
themselves. Next day they were rubbed on the
opposite sides, and they became perceptibly curved
towards these sides. Two other and younger pe-
duncles (three-fourths of an inch in length) were
lightly rubbed on their adjoining sides, and they be-
came so much curved towards one another, that the
arcs of the bows stood at nearly right angles to their
previous direction ; and this was the greatest movement
seen 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 the other hand, peduncles above 1} 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
effect ; loops of string, however, weighing 82 and 164
of a grain sometimes caused a slight curvature; but
they were never closely clasped, as were the far lighter
loops of thread by the petioles.

In the nine vigorous plants observed by me, it is
certain that neither the slight spontaneous movements
nor the slight sensitiveness of the flower-peduncles
aided the plants in climbing. If any member of the
Scrophulariaces had possessed tendrils produced by
the modification of flower-peduncles, I should 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,
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the power of movement has been transferred to the
flower-peduncles from the young internodes, and sensi-
tiveness from the young petioles. But to whatever
cause these capacities are due, the case is interest-
ing; for, by a little increase in power through natural
selection, they might easily have been rendered as
seful to the plant in climbing, as are the fower
peduncles (hereafter to be described) of Vitis or
Cardiospermum.

Rilodochiton volubile—A long flexible shoot swept a
large circle, following the sun, in 5 hrs, 30 m. ; and, as
the day became warmer, a second circle 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 turn spirally in
an opposite direction. The petioles of Very young
leaves about one-tenth of their full size, are highly
sensitive, and bend towards the side which is touched ;
but they do not move quickly. One was perceptibly
curyed in 1 hr. 10 m., after being lightly rubbed, and
became considerably curved in 5 hrs. 40 m.; some
others were searcely curved in 5 hrs. 30 m., but dis-
tinetly so in 6 hrs. 30 m, A curvature was perceptibla
in one petiole in between 4 hrs. 30, m. and 5 hrs.,
alter the suspension of a little loop of string. A
loop of fine cotton thread, weighing one sixteenth of a
grain (405 mg.), not only cansed a petiole slowly to
bend, 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
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either a complete or half a turn round it, and ultimately
increase much in thickness. They do not possess the
power of spontaneously revolving.

Lophospermu;n scandens, VAr. purpureum.— Some
long, moderately thin internodes made four revolu-
tions at an average rate of 3 hrs. 15 m. The course
pursued was very irregular, namely, an extremely
narrow ellipse, a large circle, an irregular spire or a
zigzag 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 as those 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 observed by me in
any other leaf-climber or twiner,* namely, that the
young internodes of the stem are sensitive to a
touch. When a petiole of this species clasps a stick,

it draws the base of the internode against it; and then

the internode itself bends towards the stick, which is
caught between the stem and the petiole as by a pair
of pincers. The internode afterwards straightens itself,
excepting the part in actual contact with the stick.
Young internodes alone are sensitive, and these are

sensitive on all sides along their whole length. I made

* I hove already referred to the  Vries (ibid. p. 322) is sensitive fo
case of the twining stem of Cus- & touch like a tendril.
cuta, which, according to H. de
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fifteen trials by twice or thrice lightly rubbing with a
thin twig several internodes; and in about 2 hrs., but
in one case in 3 hrs, all were bent: they became
straight again in about 4 hrs. afterwards. An inter-
node, which was rubbed as often as six or seven times,
became just perceptibly curved in 1 hr 15 m., and
in 3 hrs. the curvature increased much; it became
straight again in the course of the succeeding night.
I rubbed some internodes one day on one side, and
the next day either on the opposite side or at right
angles to the first side; and the curvature was always
towards the rubbed side.

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

SoLANACEE.—Solanum jasminoides—Some of the
species in this large genus are twiners; but the present
species is a true leaf-climber. A long, nearly upright
shoot made four revolutions, moving against the sun,
very regularly at an average rate of 3 hrs. 26 m. The
shoots, however, sometimes stood still. It is cou-
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 groen-
house a petiole was not affected by a loop of string,
suspended during several days and weighing 2}
grains (163 mg.); but in the hothouse one was made
to curve by a loop weighing 1:64 gr. (106:27 mg.); and,
on the removal of the string, it became straight again.
Another petiole was not at all acted on by a loop
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weighing only ‘82 of a grain (5314 mg.). We have
seen that the petioles of some other lgat-climbing plants
are affected by one-thirteenth of this latter weight. In
this species, and in no other leaf-climber seen by me,
a full-grown leaf is capable of claspimg a stick ; but in
the greenhouse the movement was o extraordinarily

Fig. 3.
oot
Salar, v jarmisoidez, with cne of its petioles clasplng atalck.

dlow that the act required several weeks'; on each
succeeding week it was clear that the petiole had
become more and more curved, until at last: it firmly
clasped the stick. ¢

The flexible petiole of a half or & quarter grown
leaf which has clasped an object for three. or four
days increases much in thickness, and after: seyeral
weeks becomes so wonderfully hard and rigid' that it

\
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can hardly be rernoved from its support. On com-
paring & thin transverse slice of such a petiole with one
from an older leaf/growing close beneath, which had not
clasped anything), its diameter was found to be fully
doubled, and its |structure greatly changed. In two
other petioles similarly compared, and here represented,
the increase in (liameter was not quite so great. In
the section of ithe petiole in its ordinary state (A),
we see a semylunar band of cellular tissue (nat,

g 4.
Solanum jarminoides.

A, Bection of a pretiole in its ordinary state.
B. Section of & p‘rlinla some weeks after 1t had clasped a stick, as shoan in fig 3.

well shown in the woodeut) differing 1 lightly in
appearance from that outside it, and incliding three
closely approximate groups of dark vessels. Near
the upper  surface of the petiole, beneath two exterior
ridges, th{;‘ere are two other small circular groups of
vessels. JIn the section of the petiole (B) which had
clasped djuring several weeks a stick, the two exterior
ridges have become much less prominent, and the two
groups o;i' woody vessels beneath them much increased.
in-diame/ter. The semilunar band has been converted
into & 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 distinet, are now completely blended.
The upper part of this ring of woody vessels, formed
by the prolongation of the horns of the original semi-
lunar band, is narrower than the lower part, and
slightly less compact. This petiole after clasping the
stick had actually become thicker than the stem
from which it arose; and this was chiefly due to the
increased thickness of the ring of wood. This ring
presented, both in a transverse and -longitudinal
section, a 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 axis; and it

“is a still more singular physiological fact that so great

a change should have been induced by the mere act
of clasping a support.*

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

* Dr. Maxwell Masters informs
me that in almost all petioles
whicl are eylindrical, such as
thoso bearing peltate leaves, the
woody vessels form a closed ring;
semilunar bands of vessels being
confined to petioles which are
channelled along their upper

surfaces. Inaccordance with this
statoment, it may be observed
that the enlarged and clasped
petiole of the Solanum, with ita
closed ring of woody vessels, has
become more cylindrical than,it
was in its original unclasped
~ondition,
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portion of the petiole can seize a support. I have
seen a substance as soft as a withered blade of grass
caught. Petioles which have clasped any object
ultimately become rather thicker and more cylindri-
cal. On lightly rubbing several petioles with a twig,
they became perceptibly curved in 1hr. 15m., and
subsequently straightened themselves. A stick gently
placed in the angle between two sub-petioles excited
them to move, and was almost elasped in 9 hrs. A
loop of thread, weighing one-eighth of a grain, caused,
after 12 hrs. and before 20 hrs. had elapsec, 4 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 a figure
of 8 being formed. The course during 12 hrs,, when
traced on a bell-glass, apparently represented about
four ellipses.  The leaves themselves likewise move
gpontaneously, the main petioles curving tkemselves
in accordance with the movements of the internodes;
so that when the latter moved to one side, the petioles
moved to the same side, then, becoming st}night,
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 leat in this
case followed an irregular course, like that made by
the internodes.

Adlumia evrrhosa—I raised some plants late in the
summer; they formed very fine leaves, but threw
up no central stem. The first-formed leaves were not

a
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sensitive; some of the later ones were so, but only
towards their extremities, which were thus enabled to
elasp sticks. This could be of no service to the plant,
as these leaves rose from the ground ; but it showed
what the future character of the plant would have
been, had it grown tall enough to climb. The tip
of one of these basal leaves, whilst young, described
in 1 hr. 25 m. a narrow ellipse, open at one end, and
exactly three inches in length; a second ellipse was
broader, more irregular, and shorter, viz, only 2}
inches in length, and was completed in 2hrs. 2m.
From the analogy of Fumaria and Corydalis, I have no
doubt that the internodes of Adlumia have the power
of revolving.

Corydalis clavieulala—This plant is interesting
from being in a condition so exactly intermediate
Vatween a leaf-climber and a tendril-bearer, that it
might have been described under either head; but,
for reasons Lereafter assigned, it has been classed
amongs’ tendril-bearers.

Besides the plants already described, Bignonia
unguis and its close allies, though aided by tendrils,
have clasping petioles. According to Mohl (p. 40).
Cocerlus Japonicus (one of the Menispermaces) and a
fern, t_. ) hioglossum Japonicum (p. 39), elimb by
their leaf-stalks.

We now come to a small section of plants which
climb by means of the produced midribs or tips of
their leaves.
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LiuiAcEE.—Gloriosa Plantii—The stem of a half-
grown plant continually moved, generally describ-
ing an irregular spire, but sometimes oval figures
with the longer axes directed in different lines, It
either followed the sun, or moved in an opposite
course, and sometimes stood still before reversing its
direction. One oval was completed in 3 hrs. 40 m.; of
two horseshoe-shaped figures, one was completed in
4 hrs. 85 m. and the otherin 3 hrs. 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 spontaneous bending
down of the terminal half of the leaf, they soon
become much inclined, aud ultimately horizontal.
The end of the leaf forms a narrow, ribbon-like,
thickened projection, which at first is nearly straight,
but by the tiie the leaf gets into an inclined position,
the end bends downwards into a well-formed hool.
This hook is now strong and rigid enongh to catch
any object, and, when caught, to anchor the plant and
stop the revolving movement. Ifs inner surface i
sensitive, but not in nearly so high a degree as that
of the many before-described petioles; for a loop of
string, weighing 1'64 grain, produced no effect.
When the hook has caught a thin twig or even a
rigid fibre, the point may be perceived in from 1 hr. to
3hrs. to have curled a little inwards; and, under
favourable eircumstances, it curls ronnd and perma-
nently seizes an object in from 8 hrs. to 10 hrs

PR —
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The hook when first formed, before the leaf has
bent downwards, is but little sensitive. Tf it catches
hold of nothing, it remains open and sensitive for
a long time; ultimately the extremity spontaneously
and slowly curls inwards, and makes a button-like,
flat, spiral coil at the end of the leaf. One leaf
wag watched, and the hook remained open for thirty-
three days; but during the last week the tip had
curled so much inwards that only a very thin twig
could have b-en inserted within it. As soon as the
tip has curled so much inwards that the hook is con-
verted into a ring, its sensibility is lost ; but as long as
it remains open some sensibility is retained.

Whilst the plant was only about six inches in
height, the leaves. four or dve in number, were
broader than those subsequently produced ; their soft
and but little-attenuated tips were not sensitive,
and did not form hooks ; nor did the stemthen revolve.
At this early period of growth, the plant can support
itself; its climbing powers are not required, &nd
consequently are not developed. So again, the leaves
on the summit of a full-grown flowering plant, which
would not require to climb any higher, were not sensi-
tive and could not clasp a stick. We thus see how
perfect is the economy of nature.

CoyMELYNACEE.—Flagellaria Indica—From dried
specimens it is manifest that this plant climbs exactly
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 or 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 Gloriosa
lily. According to Mohl (p. 41), Uvularia (Melan-
thace®) also climbs like Gloriosa.

These three last-named genera are Monocotyledons;
but there is one Dicotyledon, namely Nepenthes, which
is ranked by Mohl (p. 41) amongst tendril-bearers;
and I 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 round
any support. The twisted part becomes thicker; but
I observed in Mr. Veitch’s hothouse that the stalk
often takes a turn when not in contact with any
object, and that this twisted part is likewise thickened.
Two vigorous young plants of N. levis and N. distilla-
toria, in my hothouse, whilst less than a foot in
height, showed no sensitiveness in their leaves, and
had no power of climbing. But when N. lezvis had
grown to a height of 16 inches, there were signs of
these powers. The young leaves when first formed
stand upright, but soon become inclined; at this
period they terminate in a stalk or filament, with the
pitcher at the extremity hardly at all developed.
The leaves now exhibited slight spontaneous move-
ments; and when the terminal filaments came into
contact with a stick, they slowly bent round and
firmly seized it. DBut owing to the subsequent
growth of the leaf, this filament became after a time
quite slack, though still remaining firmly coiled
round the stick. Hence it would appear that the
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chief use of the coiling, at least whilst the plant is
young, is to support the pitcher with its load of
secreted fluid.

Suwmmary on Leaf-climbers.—Plants belonging to
eight families are known to have clasping petioles, and
plants belonging to four families climb by the tips of
their leayes. In all the species observed by me,
with one exception, the young internodes revolve more
or less regularly, in some cases as regularly as those
of a twining plant. They revolve at various rates,
in most cases rather rapidly. Some few can ascend
by spirally twining round a support. Differently from
most twiners, there is a strong tendency in the same
shoot to revolve first in one and then in an opposite
direction. The object gained by the revolving move-
ment is 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 climb-
ing. With rare exceptions, the petioles are sensitive
only whilst young. They are sensitive on all sides,
but in different degrees in different plants; and in
some species of Clematis the several parts of the same
petiole differ much in sensitiveness. The hooked

" tips of the leaves of the Gloriosa are sensitive only on
their inner or inferior surfaces. The petioles are sen-
sitive to a touch and to excessively slight continued
pressure, even from a loop of soft thread weighing
only the one-sixteenth of a grain (405 mg.); and
there is reason to believe that the rather thick and

@
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stiff petioles of Clematis flammula are sensitive to even
much less weight if spread over a wide surface. The
petioles always bend towards the side which is pressed
or touched, at different rates in different species,
sometimes within a few minutes, but generally after
a much longer period. After temporary contact with
any objecf, the petiole continues to bend for a con-
siderable time ; afterwards it slowly becomes straight
again, and can then re-act. A petiole excited by an
extremely slight weight sometimes bends a little, and
then becomes accustomed to the stimulus, and either
bends no more or becomes straight again, the weight
still remaining suspended. Petioles which have 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
either throughout their whole diameter or on one side
alone ; they subsequently become stronger and more
woody, sometimes to a wonderful degree ; and in some
cases they acquire an internal structure like that of the
stem or axis.

The young internodes of the Lophospermum as well
as the petioles are sensitive to a touch, and by their
combined movement seize an object. The flower-
peduncles of the Maurandia semperflorens revolve
spontaneously and are sensitive to a touch, yet are not
used for climbing. The leaves of at least two, and
probably of most, of the species of Olematis, of Fumaria
and Adlumia, spontaneously curve from side to side,
like the internodes, and are thus better adapted to
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seize distant objects. The petioles of the perfect
1eaves of Tropwolum tricolorum, as well as the tendril-
like filaments of the plants whilst young, ultimately
move towards the stem or the supporting stick, which
they then clasp. These petioles and filaments also
show some tendency to contract spirally. The tips of
the uncaught leaves of the Gloriosa, as they grow old,
contract into a flat spire or helix. These several facts
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, spontaneously revolve ;
nor are the petioles or tips of the first-formed leaves
sensitive. In certain species of Clematis, the large size
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 latter power has consequently
become much enfeebled. In certain species of Tro-
peeolum, 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



CHAPTER IIL

TENDRIL-BEARERS.

Nature of tendrils—BroNoNIACRE, various species of, and their different
modes of elimbing—Tendrils which avoid the light and creep
into erevices—Development of adhesive discs—Excellent adapta-
tions for seizing different kinds of supports—PoLEMoNIAcER—
Cobza scandens, much branched and hooked tendrils, their manner
of action—LrcuanyoeE—Courosrr2—SMILACERE—Smilaz aspera,
its inefficient tendrils—Fuyantacem—Corydalis claviculata, its
state intermediate between that of o leaf-climber and o tendril-

bearer,

By tendrils I mean filamentary organs, sensifive 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,
of flower-peduncles, branches,* and perhaps stipules,

* Never having had the oppor-
tunity of examining tendrils
produced by the modification of
branches, I spoke doubtfully about
them in this essay when ori-
ginally published, But since
then Fritz Miller has described
(Journnl of Linn. Sce. vol. ix. p.
844) many striking casegin South
Brazil. In speaking of plants
which climb by the aid of their
branches, more or less modified,
he states that the following stages
of development can be traced:

(1.) Plants supporting themselves
simply by their branches stretched
out at right angles—for example,
Chigeocca.  (2) Plants clasping o
support with their unmodified
branches, aa with Securidaca,
(3.) Plants climbing by the ex-
tremities of their branches which
appear like tendrils, as is the case
asccording  to  Endlicher with
Helinus. (4) Plants with ther
branches much modified and
temporarily converted into ten.
drils, but which may be again
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Mohl, who includes under the name of tendrils various
organs having a similar external appearance, classes
them according to their homological nature, as being
modified leaves, flower-peduncles, &. This would be
an excellent scheme ; but I observe that botanists are
by no means unanimous on the homological nature of
certain tendrils. Consequently I will describe tendril-
bearing plants by natural families, following Lindley’s
classification ; and this will in most cases keep those of
the same nature together. The species to be deseribed
belong to ten families, and will be given in the
following order :—Bignoniacez, Polemoniaces, Legu-
minose, Composite, Smilaces, Fumariacez, Cucurbitaces,

Vitaces, Sapindacew, Passifloraces.*

transformed into branches, as with
certain  Papilionaccous  plants,
(5.) Plants with their branches
forming true tendrils, and used
exclusively for climbing—ns with
Stryehnos and Cawlotretus,  Even
the unmodified branches become
much thickened when they wind
round a gapport. I may add that
Mr, Thwaites sent me from Ceylon
a specimen of an Acacia which
had elimbed up the trunk of a
rather large tree, by the aid of
tendril-like, curved or eonvoluted
branchlets, arrested in their
growth and furnished with sharp
recurved hooks,

* As far as I can make out, the

_ history of our knowledge of

tendrils is as follows:—We have
seon  that Palm and von Mohl
observed about the same time the

singular phenomenon of the spon-
taneous revolving movement of
twining-plants, Palm (p. 53), 1
presume, observed likewise the
revolving movement of tendrils;
but I do not fecl sure of this, for
he says very little on the subject.
Dutrochet fully deseribed this
movement of the tendril in the
common pea. Mohl first discover-
ed that tendrils are eensitive to
contaot ; but from some cause,
probably from observing too old
tendrils, ho was not sware how
sensitive they were, and thought
that prolonged pressure wis neces-
gary to excito their movement
Professor Asa Gray, in a paper
already quoted, first noticed the
extrome sensitiveness and rapidity
of the movements of the tendrila
of certain Cucurbitaceous plants.
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BraxoN1AcEE—This family 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 described,
in order to show what diversity of structure and
action there may be within the same genus, and to
show what remarkable powers some tendrils possess.
The species, taken together, afford connecting links

Fig. 8.
Pignomia.
Unnamod spocies from Kew.,

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

Bignonia (an unnamed species from Kew, closely
allied to B. unguis, but with smaller and rather broader
leaves).—A young shoot from a cut-down plant made
three revolutions against the sun, at an average rate of
2 hrs. 6m. The stem is thin and flexible; it twined
round a slender vertical stick, ascending from left to
right, as perfectly and as regularly as any true twining-
plant. When thus ascending, it makes no use of its
tendrils or petioles; but when it twined round a
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rather thick stick, and its petioles were brought into
contact with it, these curved round the stick, showing
that they have some degree of irritability. The
petioles also exhibit a slight degree of spontaneous
movement ; for in one case 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 either the tendrils
or petioles, in this and the two following species.
The tendrils are so closely similar in all respects to
those of B. unguis, that one description will suffice.
Bignonia unguis.—The young shoots revolve, 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 same
manner as deseribed in so many leaf-climbers; and
this plant though possessing tendrils, climbs to a
certain extent like a leaf-climber. Each leaf consists
of a petiole bearing a pair of leaflets, and terminates
in a 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 curiously like
the leg and foot of a small bird, with the hind toe cut
off. The straight leg or tarsus is longer than the three
toes, which are of equal length, and diverging, lie in
the same plane. The toes terminate in sharp, hard
claws, much eurved downwards, like those on a bird’s
foot. The petiole of the leaf is 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 leaflets are not sensitive. The whole
tendril, namely, the tarsus 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
fast hold of the twigs, like a bird when perched. If
the tarsus of the tendril comes into contact with a
twig, it goes on slowly bending, until the whole foot
is carricd quite round, and the toes pass on each side
of the tarsus and seize it. In like manmer, if the petiole
comes into contact with a twig, it bends round, carry-
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 bend.
Ultimately the two petioles clasp the stick in opposite
directions, and the foot-like tendrils, seizing on each
other or on their own petioles, fisten the stem to the
support with surprising security. The tendrils are
thus brought into action, if the stem twines round g
thin vertical stick; and in this respect the present
species differs from the last. Both species use their
tendrils in the same manner when passing through »
thicket. This plunt is one of the most efficient climberg

!
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which I have observed ; and it probably eould 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 a plant which was growing moderately
well, though not vigorously, I concluded that the
tendrils acted only like the hooks on a bramble, and
that it was the most feeble and inefficient of all
climbers !

Bignonia Tweedyana.—This species is closely allied
to the last, and behaves in the same manner; but
perhaps twines rather better round a vertical stick.
On the same plant, one branch twined in one direction
and another in an opposite direction. The internodes
in one case made two circles, each in 2 hrs. 33 m. T
was enabled to observe the spontaneous movements of
the petioles better in this than in the two preceding
species: one 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 wupright stick, and is
sccurely fastened to it by the clasping petioles and
tendrils, it emits aérial roots from the bases of its
leaves; and these roots curye partly round and adhere
to the stick. This species of Bignonia, therefore, com-
bines four different methods of climbing generally
characteristic of distinet plants, namely, twining, leaf-
climbing, tendril-climbing, and root-climbing.

In the three foregoing species, when the foot-like
tendril has caught an obiect. it continues to grow
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and thicken, and ultimately becomes wonderfully
strong, in the same manner as the petioles of leaf-
climbers. If the tendril catches nothing, it first
slowly bends downwards, and then its power of clasping
is lost. Very soon afterwards it disarticulates itself
from the petiole, and drops off like a leaf in autumn.
I have seen this process of disarticulation in no other
tendrils, for these, when they fail to catch an object,
merely wither away.

Bignonia venusta.—The tendrils differ considerably
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
tarsus is sensitive on all sides ; but the three toes are
sensitive only on their outer surfaces. The sensitive-
ness is not much developed ; for a slight rubbing with
a twig did not cause the te-sus or the toes to become
curved until an hour had elapsed, and then only
in a slight degree. Subsequently they straightened
themselves. Both the tarsus and toes can seize well
hold of sticks. If the stem is gecured, the tendrils are
seen spontaneously to sweep large ellipses; the two
opposite tendrils moving independently of one another.
1 have no doubt, from the analogy of the two following
allied species, that the petioles also move spontaneously ;
but they are not irritable like those of B. unguis and
B. Tueedyana. The young internodes sweep large
eircles, one being completed in 2 hrs. 15 m., and
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/ a second in 2 hrs. 55 m. By these combined move-

{ ments of the internodes, petioles, and grapnel-like

| tendrils, the latter are soon brought into contact with

surrounding objects. When a shoot stands near an

upright stick, it twines regularly and spirally round

) it. As it ascends, it seizes the stick with one of its

- tendrils, and, if the stick be thin, the right- and left-

' hand tendrils are alternately used. This alternation

follows from the stem necessarily taking ome twist®
round its own axis for each completed circle.

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

Bignonia littoralis—The young internodes revolve
in large ellipses. An internode bearing immature
tendrils made two revolutions, each in 3 hrs. 50 m.;
but when grown older with the tendrils mature, it
made two ellipses, each at the rate of 2 hrs. 44 m.
This species, unlike the preceding, is incapable of
twining round a stick: this does not appear to be
due to any want of flexibility in the internodes or
to the action of the tendrils, and certainly not to
any want of the revolving power; nor can I account
for the fact. Nevertheless the plant readily ascends
a thin upright stick by seizing a point above with its
two opposite tendrils, which then contract spirally. If
the tendrils seize nothing, they do not become spiral.
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The species last described, ascended a vertical stick
by twining spirally and by seizing it alternately with
its opposite tendrils, like a sailor pulling himself up
a rope, hand over hand ; the present species pulls itself
up, like a sailor seizing with both hands together a
rope above his head.

The tendrils are similar in structure to those of the
last species. They continue growing for some time,
.even after they have clasped an object. When fully
grown, though borne by a young plant, they are 9 inches
in length. The three divergent toes are shorter re-
Jatively 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 one being
rather longer than the others. Their outer surfaces
are highly sensitive; for when lightly rubbed with
a twig, they became perceptibly curved in 4 m. and
greatly curved in 7 m. In 7 hrs. they became straight
again and were ready to re-act. 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 tarsns is sensitive
to prolonged contact, as soon as the tendril has arrived
at maturity. After it has grown old, the sensitiveness
is confined to the toes, and these are only able to curl
very slowly round a stick. A tendril is perfectly ready
to act, as soon as the three toes have diverged, and
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 three toes, these
seldom clasped it, but remained sticking straight out.
The tendrils revolve spontaneously. 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 senmsitive; so that the
revolving movement is useless at this early period.
The movement is, also, now slow, two ellipses being
completed conjointly in 24 hrs. 18 m. A mature ten-
dril made an ellipse in 6 hrs.; so that it moved much
more slowly than the internodes. The ellipses which
were swept, both in a vertical and horizontal plane,
were of large size. The petioles are not in the least
sensitive, but revolve like the tendrils. We thus see
that the young internodes, the petioles, and the ten-
drils all continue revolving together, but at different
rates. The movements of the tendrils which rise
opposite one another are quite independent. Hence,
when the whole shoot is allowed freely to revolve,
nothing ean be more intricate than the course followed
by the extremity of each tendril. A wide space i8
thus irregularly searched for some object to be

grasped. .
One other curious point remains to be mentioned.

Tn the course of a few days after the toes have closely

clasped a stick, their blunt extremities become de-
veloped, though not invariably, into irregular dise-
like balls which have the power of adhering firmly to
the wood. As similiar cellular outgrowths will be
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fully described under B. capreolata, T will here say
nothing more about them.

Bignonia &quinoctialis, var. Chamberlaynit.—The
internodes, the elongated non-semsitive petioles, and
the tendrils all revolve. The sterr does not twine,
but ascends a vertical stick in the same manner as
the last species. The tendrils also resemble those of
the last species, but are shorter; the three toes are
more unequal in length, the tw outer ones being
about one-third shorter and rather thiuner than the
middle toe; but they vary in this respect. They
terminate in small hard points; ind what is important,
cellular adhesive dises are not developed. The re-
duced size of two of the toes as well as their lessened
sensitiveness, seem to indicate a tendency to abortion ;
and on one of my plants the first-formed tendrils were
sometimes simple, that is, were not divided into three
toes. We are thus naturally led to the three following
species with undivided 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 revolve spon-
taneously, as do the.short and non-sensitive petioles,
When rubbed, they slowly bend to the rubbed side
and subsequently straighten themselves; but they are
not highly sensitive. There is something strange in
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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 these
objects were well seized. After clasping an upright
stick, they repeatedly loosed it again, and often would
not seize it at all, or their extremities did not coil
closely round. I have observed hundreds of tendrils
belonging to various Cucurbitaceous, Passifloraceous,
and Leguminous plants, and never saw one behave in
this manner. When, however, my plant had grown
. & 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
previor species. Nevertheless, the non-twining stem
was enat’ | by this means to ascend the stick.

The extremity of the tendril is almost straight and
gharp. The whole terminal portion exhibits a singular
habit, which in an animal would be ealled an instinet ;
for it continually searches for any little crevice or hole
into which to insert itself. I had two young plants;
and, after having observed this habit, I placed near
them posts, which had been bored by beetles, or had
become fissured by drying. The tendrils, by their
own movement and by that of the internodes, slowly
travelled over the surface of the wood, and when the
apex came to a hole or fissure 4t inserted itself; in
order to effect this the extremity for a length of half
or quarter of an inch, would often bend itself at right
angles to the basal part. I have watched this process
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between twenty and thirty times. The same tendril
would frequently withdraw from one hole and insert
its point into a second hole. I haye also seen a
tendril keep its point, in one case for 20 hrs. and in
another for 36 hrs, in 2 minute hole, and then with-
draw it. Whilst the point is thus temporarily inserted,
the opposite tendril goes on revolving.

The whole length of a tendril often fits itself closely
to any surface of wood with which it has come into
contact ; and I 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 a stick, it
contracts spirally ; if it remains unattached it hangs
straight downwards, If it has merely adapted itself to
the inequalities of a thick post, though it has clasped
nothing, or if it has inserted its apex into some little
fissure, this stimulus suffices to induce spiral contrac-
tion; but the contraction always draws the tendril
away from the post. So that in every case these
movements, which seem so nicely adapted for some
purpose, were useless. On one occasion, however,
the tip became permanently jammed into a narrow
fissure. I fully expected, from the analogy of B.
capreolata and B. littoralis, that the tips would have
been developed into adhesive dises; but I conld
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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last in the structure and movements of its tendrils. [
also casually examined a fine growing plant of the
allied B. Landleyi, and this apparently behaved in all
respects in the same manner.

Bignonia capreolata.—We now come to a species
having tendrils of a different type; but first for the
internodes, A young shoot made three large revolu-
tions, following the sun, at an average rate of 2 hrs. 23 m.
The stem is thin and flexible, and I have seen one
make four regular spiral turns round a thin upright
stick, ascending of course from right to left, and
therefore in a reversed direction compared with the
before described species. Afterwards, from the inter-
ference of ¢he 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 were about 2% inches in length and much
branched, the five chief branches apparently repre-
senting two pairs of leaflets and a terminal one. Each
branch is,however, bifid or more commonly trifid towards
the extremity, with the points blunt yet distinetly
hooked. A tendril bends to any side whieh is lightly
rubbed, and subsequently becomes straight again ;
but a loop of thread weighing ith of a grain produced
no effect. On two occasions the terminal branches
became slightly curved in 10 m. after they had touched
astick ; and in 30 m. the tips were curled quite round
it. The basal part is less sensitive. The tendrils re-
volved in an apparently capricious manner, sometimes
very slightly or not at all; at other times they

H
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described large regular ellipses. I could detect no
spontaneous movement in the petioles of the leaves.
Whilst the tendrils are revolving more or less
regularly, another remarkable movement takes place,
namely, a slow inclination from the light towards
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
formed tendrils always ended by pointing to the
darkest side. When I placed a thick post near a
tendril, between it and the light, the tendril pointed
in that direction. In two instances a pair of leaves
stood so that one of the two tendrils was directed
towards the light and the other to the darkest side of
the house; the latter did not move, but the opposite
one bent itself first upwards and then right over its
fellow, so that the two became parallel, one above the
other, both pointing to the dark: I then turned the
plant half round ; and the tendril which had turned
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 directed : I
placed the pot in a box open only on one side, and
obliquely facing the light; in two days all six ten-
drils pointed with unerring truth to the darkest corner
of the box, though to do this each had to bend in a
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.

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

I have stated that after a tendril has come into
contact with a stick, it bends round it in about halt
an hour; but I repeatedly observed, as in the case
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 a well-blackened zinc plate: the branches curled
round the tube and abruptly bent themselves round
the edges of the zinc plate; but they soon recoiled
from these objects with what I can only call disgust,
and straightened themselves. I then placed a post
with extremely rugged bark close to  pair of tendrils;
twice they touched it for an hour or two, and twice
they withdrew ; at last one of the hooked extremitiea

H 2
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curled round and firmly seized an excessively minute
projecting point of bark, ind then the other branches
spread themselves out, following with accuracy every
inequality of the surface. I afterwards placed near
the plant a post without bark but much fissured, and
the points of the tendrils crawled into all the crevices
in a beautiful manner. To my surprise, I observed
that the tips of the .immature tendrils, with the
branches not yet fully separated, likewise crawled
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 described,
commenced.

This process I 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
sticks, and to place them near tendrils. The wool must
not be dyed, for these tendrils are excessively 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 penctrate the fibrous mass and
to curl inwards, so that each hook caught firmly one
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 enlarged. After
a few more days the hooks were converted into whitish,
irregular balls, rather above the gyth of an inch (1-27
mm.) in diameter, formed of coarse cellular tissue
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which sometimes wholly enveloped and concealed the
hooks themselves. The surfaces of these balls secrete
some viseid resinous matter, to which the fibres of the
flax, &c., adhere. When a fibre has become fastened
to the surface, the cellular tissue does not grow
directly beneath it, but continues to grow closely on
each side: so that when several adjoining fibres,
though excessively thin, were caught, so many crests
of cellular matter, each not as thick as a human hair,
grew up between them, and these, arching over on
both sides, adbered firmly together. As the whole
surface of the ball continues to grow, fresh fibres
adhere and are afterwards enveloped ; so that I have
seen a little ball with between fifty and sixty fibres
of flax ercssing it at yarious angles and all embedded
more or less deeply. Every gradation in the process
could be followed—some fibres merely sticking to
the surface, others lying in more or less deep furrows,
or deeply embedded, or passing through the very
centre of the cellular ball. The embedded fibres are
so closely clasped that they cannot be withdrawn.
The outgrowing tissue has so strong a tendency to
anite, that two balls produced by distinct tendrils
sometimes unite and grow into a single one.

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

I infer from the adherence of the fibres to the dises
or balls, that these secrete some resinous adhesive
matter; and more especially from such fibres becoming
loose if immersed in sulphurie ether. This fluid like-
wise removes small, brown, glistening points which can
generally be seen on the surfaces of the older discs.
If the hooked extremities of the tendrils do not touch
anything, discs, as far as I have seen, are never
formed ;* but temporary contact during a moderato
time suffices to cause their development. I have seen
eight discs 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 cylindrical sticks and often to rugged bark,
yet that they are specially adapted to climb trees
clothed with lichens, mosses, or other such productions;
and I hear from Professor Asa Gray that the Polypodium
incanum abounds on the forest-trees in the districts of

* Fritz Miller states (ibid. p.  object, terminate in smooth shining
848) that in SBonth Brazil the discs, Tiese, however, after ad-
trifid tendrils of Haplolophium, hering to any object, sometimes
“one of the Bignoniscewm) withont  become considerably enlarged,
having como 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
a leaf should be metamorphosed into a branched
organ which turns from the light, and which can
by its extremities either crawl like roots into crevices,
or seize hold of minute projecting points, these ex-
tremitics afterwards forming cellular outgrowths which
secrete an adhesive cement, and then envelop by their
continued growth the finest fibres.

Feeremocarpus scaber (Bignoniacez).—Plants, though
growing pretty well in my green-house, showed no
spontaneous movements in their shoots or tendrils;
but when removed to the hot-house, the young inter-
nodes revolved at rates varying from 3 hrs. 15 m. to
1 br. 13 m. One large circle was swept at this latter
unusually quick rate; but generally the circles or
ellipses were small, and sometimes the course pursued
was quite irregular. An internode, after making several
revolutions, sometimes stood still for 12 hrs. or 18 hrs,,
and then recommencedrevolving. Suchstrongly marked
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 I have seen the chord of a curved petiole
which formed an angle of 59° with the stem, in au
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hour afterwards making an angle of 106°. The two
opposite petioles do not move together, and one is
sometimes so much raised as to stand close to the stem,
whilst the other is not far from horizontal. The basal
part of the petiole moves less than the distal part. The
tendrils, besides being carried by the moving petioles
and internodes, themselves move spontaneously ; and
the opposite tendrils occasionally move in opposite
directions. By these combined movements of the
young internodes, petioles, and tendrils, a considerable
space is swept in search of a support.

In young plants the tendrils are about three inches
in length: they bear two lateral and two terminal
branches; and each branch bifurcates twice, with the
tips terminating in blunt double hooks, having both
points directed to the same side. All the branches are
sensitive on all sides; and after being lightly rubbed,
or after coming into contact with a stick, bend in
about 10 m. One which had become curved in 10 m,
after a light rub, continued bending for between 3 hrs,
and 4 hrs, and became straight again in 8 hrs. or
9 hrs. Tendrils, which have caught nothing, ultimately
contract into an irregular spire, as they likewise do,
only much more quickly, after clasping a support. In
both cases the main petiole bearing the leaflets, which
is at first straight and inclined a little upwards,
moves downwards, with the middle part bent abruptly
into a right angle; but this is seen in E. miniatus
more plainly than in E. scaber. The tendrils in this
genus act in some respects like those of Bignonia
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eapreolata; but the whole does not move frum the
light, nor do the hooked tips become enlarged into cel-
lular discs. After the tendrils have come into contact
with a moderately thick cylindrical stick or with
rugged bark, the several branches may be seen slowly
to lift themselves up, change their positions, and
again come 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 directions, into contact with the wood.
T have watched a tendril, half of which had bent itself
at right angles round the sharp corner of a square post,
neatly bring every single hook into contact with both
rectangular surfaces. The appearance suggested the
belief, that though the whole tendril is not sensitive to
light, yet that the tips are so, and that they turn
and twist themselves towards any dark surface. Ulti-
mately the branches arrange themselves very neatly
to all the irregularities of the most rugged bark, so
that they resemble in their irregular course a river
with its branches, as engraved on a map. But when
a tendril has wound round e rather thick stick, the
subsequent spiral contraction generally draws it away
and spoils the neat arrangement. So it is, but not in
quite so marked & manner, when a tendril has spread
itself over a large, nearly flat surface of rugged bark.
We may therefore conclude that these tendrils are not
perfectly adapted to seizs moderately thick sticks or
rugged bark. If 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 finnly, but not neatly,
grasped. What the tendrils are really adapted for,
appears to be such objects as the thin culms of certain
grasses, or the long flexible bristles of a 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 extremhely sensitive to a touch
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
brought all these little parcels close together, so that
thirty or forty bristles were drawn into a single bundle,
which afforded an excellent support.
POLEMONIACEZE. — Cobwa  scandens— This is an
excellently constructed climber. The 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
observed by me, with the exception of one kind of
Passiflora. Three large, nearly circular sweeps, di-
rected against the sun werescompleted, each in 1 hr,
15 m.; and two other circles in 1 hr. 20 m. and 1 hy,
23 m. Sometimes a tendril travels in a much inclined
position, and sometimes nearly upright. The lower part
moves but little and the petiole not at all; nor do
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the internodes revolve ; so that here we have the tendril
alone moving. On the other hand, with most of the
species of Bignonia and the Eeeremocarpus, 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 a 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
(though sometimes single) hook, formed of a hard, trans-
lucent, woody substance, and as sharp as the finest
needle. On a tendril which was eleven inches long I
counted ninety-four of these beautifully constructed
little hooks. They readily catch soft wood, or gloves,
or the skin of the naked hand. With the exception of
these hardened hooks, and of the basal part of the central
stem, every part of every branchlet is highly sensitive
on all sides to a slight touch, and bends in a few
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 becoming -greatly curved from being
touched, straighten themselves at a quicker rate than
in almost any other tendril seen by me, namely, in
between half an hour and an hour. After the terdril
has caught 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
as the branches diverge and the hooks stand out, full
sensitiveness is acquired. It is a singular circumstance
that immature tendrils revolve at their full velocity
before they become sensitive, but in a useless manner,
as in this state they can catch nothing. This want
of perfect co-adaptation, though only for a short time,
between the structure and the functions of a elimbing-
plant is a rare event. A tendril, as soon "as it is ready
to act, stands, together with the 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 as to be out
of the way of the revolving tendril, which sweeps
large circles directly over head. The tendrils thus
revolve in a position well adapted for catching 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 succeeding and younger tendril
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
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time. In a plant placed in the hot-house and grow-
ing vigorously, a tendril revolved for not longer than
‘ 36 hours, counting from the period when it first became
sensitive; but during this period it probably made at
least 27 revolutions.
When a revolving tendril strikes against a stick,
} the branches quickly bend round and clasp it. The
little hooks here play an important part, as they
prevent the branches from being dragged away by the
rapid revolving movement, before they have had time
to clasp the stick securely. This is especially the case
when only the extremity of a branch has caught
hold of a support. As soon as a tendril has bent
round a smooth stick or a thick rugged post, or has
come into contact with planed wood (for it can adhere
temporarily even to so smooth a surface as this), the
same peculiar movements may be observed as those
described under Bignonia eapreolata and Kecremocar-
pus. The branches repeatedly lift themselves up and
! down ; those which have their hooks already directed
downwards remaining in this position and securing
the te.ndril, whilst the others twist about until they
succeed in arranging themselves in conformity with
! every irregularity of the surface, and in bringing
I their hooks into contact with the wood. The use of
the hooks was well shown by giving the tendrils
tubes and slips of glass to catch; for these, though
temporarily seized, were invariably lost, either during
) the re-arrangement of the branches or ultimately when
spirul contraction ensued.
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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
as the branches diverge and the hooks stand out, full
gensitiveness is acquired. It is asingular circumstance
that immature tendrils revolve at their full velocity
before they become sensitive, but in a useless manner,
as in this state they can catch nothing. This want
of perfect co-adaptation, though only for a short time,
between the structure and the funections of a climbing-
plant is a rare event. A tendril, as soon *as it is ready
to act, stands, together with the 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 as to be out
of the way of the revolving tendril, which sweeps
large circles directly over head. The tendrils thus
revolyve in a position well adapted for catching objects
standing above; and by this means the ascent of the
plant is favoured. If no objeet is caught, the leaf
with its tendril bends downwards and ultimately
assumes a horizontal position. An open space is
thus left for the next succeeding and younger tendril
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
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time. In a plant placed in the hot-house and grow-
ing vigorously, a tendril revolved for not longer than
386 hours, counting from the period when it first became
sensitive; but during this period it probably made at
least 27 revolutions.

When a revolving tendril strikes against a stick,
the branches quickly bend round and clasp it. The
little hooks here play an important part, as they
prevent the branches from being dragged away by the
rapid revolving movement, before they have had time
to clasp the stick securely. This is especially the case
when only the extremity of a branch has caught
hold of a support. As soon as a tendril has bent
round a smooth stick or a thick rugged post, or has
come into contact with planed wood (for it can adhere
temporarily even to so smooth a surface as this), the
same peculiar movements may be observed as those
described under Bignonia capreolata and FEeeremocar-
pus. The branches repeatedly lift themselves up and
down; those which have their hooks already directed
downwards remaining in this position and securing
the tendril, whilst the others twist about until they
succeed in arranging themselves in conformity with
every irregularity of the surface, and in bringing
their hooks into contact with the wood. The use of
the hooks was well shown by giving the tendrils
tubes and slips of glass to catch; for these, though
temporarily geized, were invariably lost, either during
the re-arrangement of the branches or ultimately when
spiral contraction ensued.
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The perfect manner in which the branches arranged
themselves, creeping like rootlets over every inequality
of the surface and into any deep crevice, is a pretty
sight; for it is perhaps more effectually performed
by this than by any other species. The action is
certainly more conspicuous, as the upper surfaces of
the main stem, as well as of every branch to the
extreme hooks, are angular and green, whilst the lower
surfaces are rounded and purple. T was led to infer,
as in former cases, that a less amount of light guided
these movements of the branches of the tendrils,
I 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
congists of a leaf split into numerous segments, there is
nothing surprising in all the segments turning their
upper surfaces towards the light, as soon as the tendril
is caught and the revolving movement is arrested.
But this will not account for the whole movement, for
the segments actually bend or curve to the dark side
besides turning round on their axes so that their upper
surfaces may face the light.

When the Cobwa grows in the open air, the wind
must aid the extremely flexible tendrils in seizing a
support, for I found that a mere breath sufficed to cause
the extreme branches to catch hold by their hooks of
twigs, which they could not have reached by the
revolying movement. It 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 I watched cases like the following :
a tendril caught a thin stick by the hooks of one of
its two extreme branches; though thus held by the
tip, it still tried to revolve, bowing itself to all sides,
and by this movement the other extreme branch sonn
caught the stick. The first branch then loosed itself,
and, arranging its hooks, again caught hold, After a
time, from the continued movement of the tendril,
the hooks of a third branch caught hold. No other
branches, as the tendril then stood, could possibly
have touched the stick. But before long the upper
part of the main stem began to contract into an open
spire. It 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
rigid and stronger than they were at first. Thus the
plant is secured to its support in a perfect manner.
LecuMINOSE, —Pisum sativum.—The common pea
was the subject of a valuable memoir by Dutrochet,”
who discovered that the internodes and tendrils

* Comptes Rendus, tom, xvii, 1848, p. 089,
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revolve in ellipses. The ellipses are generally very
narrow, but sometimes approach to circles. I several
times observed that the longer axis slowly changed its
direction, which is of importance, as the tendril thus
sweeps a wider space. . Owing to this change of
direction, and likewise to the movement of the stem
towards the light, the successive irregular ellipses
generally form an irregular spire. I have thought it’
worth while to annex a tracing of the course pursued
by the upper internode (the movement of the tendril
being neglected) of a young plant from 8.40 A to 9.15
par. The course was traced on a hemispherical glass
placed over the plant, and the dots with figures give
the hours of observation; each dot being joined by a
straight line. No doubt all the lines would have been
curvilinear if the course had been observed at much
shorter intervals. The extremity of the petiole, from
which the young tendril arose, was two inches from
the glass, so that if a pencil two inches in length
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-half.  Neglecting the first great
sweep towards the light from the figure 1 to 2, the
end of the petiole swept a space 4 inches across in one
direction, and 3 inches in another. As a full-grown
tendril is considerably above two inches in length, and
as the tendril itself bends and revolves in harmony
with the internode, a considerably wider space is swept
than is 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
1

Sido of room with window.

Fig. 6.

Disgram showlog the movement of tha npper Internode of the commeon Pea, traoed on
a hemispherical glass, snd transferred to paper; reduced one.half in size. (Awg- st}
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spontaneously revolve, as well as the young inter-
nodes and tendrils; but he does not say that he
1
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gecured the internodes; when this was done, I could
never detect any movement in the petiole, except to
and from the light.

The tendrils, on the other hand, when the internodes
and petioles are secured, describe irregular spires or
regular ellipses, exactly like those made by the inter-
nodes. A young tendril, only 1} inch in length,
revolved. Dutrochet has shown that when a plant is
placed in a room, so that the light enters laterally, the
internodes travel much quicker to the light than from
it: on the other hand, he asserts that the tendril itself
moves from the light towards the dark side of the
room. With due deference to this great observer, I
think he was mistaken, owing to his not haying
secured the internodes. I took a young plant with
highly sensitive tendrils, and tied the petiole so that
the tendril alone could move ;"it completed a perfect
ellipse in 1 hr. 30 m.; I then turned the plant partly
round, but this made no change in the direction -
of the succeeding ellipse. The next day I watched a
plant similarly secured until the tendril (which was
highly sensitive) made an ellipse in a line exactly to
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
us great towards the light as towards the dark side
of the room. I believe Dutrochet was misled by not
having secured the internodes, and by baving observed
a plant of which the internodes and tendrils no longer

.
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curved in harmony together, owing to inequality of
age.

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; a single light tonch
with a twig on the inferior or concave surface near the
tip caused them to bend quickly, as did occasionally
a loop of thread weighing one-seventh of a grain
(925 mg.). The upper or convex surface 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 three pairs
of branches become hooked, and they then appear to
form an excellent grappling instrument; but this is
not the case. TFor at this period they have generally
quite lost their sensitiveness; and when hooked on to
twigs, some were not at all affected, and others required
from 18 hrs. to 24 hrs. before clasping such twigs;
nevertheless, they were able to utilise the last vestige
of irritability owing to their extremities being hooked.
Ultimately the lateral branches contract spirally, but
not the middle or main stem.

Lathyrus aphaca.—This plant is destitute of leaves,
except during a very early age, these being replaced
by tendrils, and the leaves themselves by large stipules.
It might therefore have been expected that the ten-
drils would have been highly organized, but this is
not so. They are m%lemtely long, thin, and wune

12
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branched, with their tips slightly curved. Whilst
young they are sensitive on all sides, but chiefly on
the concave 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 bend 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 were 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 case of neither internodes nor tendrils
revolving. 'The tendrils of vigorous plants are above
4 inches 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 semsitive. Hence this plant
appears to climb simply by its tendrils being brought,
through the growth of the stem, or more efficiently
by the wind, into contact with surrounding objects,
which they then clasp. 1 may add that the tendrils,
or the internodes, or both, of Vieia sativa revolve.

Comrpostre. — Mutisia elematis. — The immense
family of the Composite 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-
gular twiner, and F. Miiller ginforms me that in S,
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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 bears tendrils: it is therefore
interesting to find that these, though rather less
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 loug 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. It 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 leaf, 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 is curved a little downwards, and
is slightly hooked at the extremity.

A young upper internode revolved, judging from
three revolutions, at an average rate of 1 hr. 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 moyement. But their movement is slower
and much less regularly elliptical than that of the
internodes. They appear to be much affected by the
light, 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 became
perceptibly curved in 3 m., and another in 5 m.; the
upper surface is not at all sensitive; the sides are
moderately sensitive, so that two branches which were
rubbed on their inner sides converged and crossed each
other. The petiole of the leaf and the lower parts of
the tendril, halfway between the upper leaflet and the
lowest branch, are not sensitive. A tendril after curling
from a touch became straight again in about 6 hrs., and
was ready to re-act ; but one that had been so roughly
rubbed as to have coiled into a helix did not become
perfectly straight until after 13 hrs. The tendrils re-
tain their sensibility to an unusually late age ; for one
borne by a leaf with five or six fully developed leaves
above, was still active. If a tendril catches nothing,
after a considerable interval of time the tips of the
branches curl a little inwards; but if it clasps some
objeet, the whole contracts spirally.
SMILACEE.—Smilax aspera, var. maculata.—Aug.
St.-Hilaive * considers that the tendrils, which rise in
pairs from the petiole, are modified lateral leaflets;
but Mohl (p. 41) ranks them as modified stipules.
These tendrils are from 1% to 1§ inches in length, are
thin, and have slightly curved, pointed extremities.
They diverge a little from each other, and stand at
first nearly upright. When lightly rubbed on either

* ¢ Legons Jde Botanique,” &e,, 1841, 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 a stick became just per-
ceptibly curved in 1 hr. 20 m., but did not completely

Swmilax aspera.

surround it until 48 hrs. had elapsed ; the concave sida
of another became considerably eurved in 2 hrs. and
clasped a stick in 5 hrs.  As the pairs of tendrils grow
old, one tendril diverges more and more from the
other, and both slowly bend backwards and downwards,
g0 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 behind the stem. Owing to this power, the
plant is able to ascend a thin upright stick. Ulti-
mately the two tendrils belonging to the same petiole,
if they do not come into contact with any object,
loosely cross each other behind the stem, as at B. in
fig. 7. This movement of the tendrils towards and
round the stem is, to a certain xtent, guided by their
avoidance of the light ; for when a plant stood so that
one of the two tendrils was compelled in thus slowly
moving to travel towards the light, and the other from
the light, the latter always moved, as I repeatedly
observed, more quickly than its fellow. The tendrils
do not contract spirally in any case. Their chance
of finding a support depends on the growth of the
plant, on the wind, and on their own slow backward
and downward movement, which, as we have just seen,
15 guided, to a 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 beight,
does not produce any tendrils; and considering that
it grows to only about 8 feet 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 inefficient though these are.
The plant 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 speecies of which are furnished with much
louger tendrils, we may suspect that it possesses these
organs solely f* m being descended from progenitors
more highly organized in this respect.
FuMARIACE E.— Corydalis clavieulata—According to
Mohl (p 43), the extremities of the branched stem,
as well as the leaves, are converted into tendrils.
In the specimens examined by me all the tendrils were
certainly foliar, and it is hardly credible that the same
plant should produce tendrils of a widely different
homological nature. Nevertheless, from this state-
ment by Mohl, I have ranked this species amongst the
tendril-bearers; if classed exclusively by its foliar
tendrils, it would be doubtful whether it ought not to
have been placed amongst the leaf-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 laminw® or blades. Consequently, we here
bebold a plunt in an actual state of transition from a leat-
climber 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 condi-
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 terminal leaflets reduced in size,
and soon all the leaves assume the structure repre-
sented in the following drawing. This leaf bore nine
leaflets ; the lower ones being much subdivided. The
terminal portion of the petiole, about 1% inch in
length (above the leaflet f), is thinner and more
elongated than the lower part, and may be considered
as the tendril. The leaflets borne by this part are
greatly reduced in size, being, on an average, about
the tenth of an inch in length and very narrow; one
small leaflet measured one-twelfth of an inch in
length and one-seventy-fifth in breadth (2:116 mm. and
*339 mm.), so that it was almost microscopically minute.
All the reduced leaflets have branching nerves, and
terminate in little spines, like those of the fully de-
veloped leaflets. Every gradation could be traced,
until we come to branchlets (as @ and d in the figure)
which show no vestige of a lamina or blade. Ocecasion-
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 reluced leaflets (a, b, ¢, d) are highly
sensitive, for a loop of thread weighing only the one-
sixteenth of a grain (405 mg.) caused them to become
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greatly curved in under 4 hrs. When the loop was
removed, the petioles straightened themselves in about
tne same time. The petiole (¢) was rather less sensitive ;
and in another specimen, in which the corresponding

Fig. 4.
Corydalis claviexlata.
Leaf-tendril, of natural stee,

petiole bore rather larger leaflets, a loop of thread
weighing one-eighth of a grain did not canse enrvatura
until 18 hrs. had elapsed. Loops of thread weighing
one-fourth of a grain, left suspended on the lower
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petioles (f to ) during several days, produced no
sffect. Yet the three petioles f; g, and h were not
quite insensible, for when left in contact with a stick
for a day or two they slowly curled round it. Thus
the sensibility of the petiole gradually diminishes
from the tendril-like extremity to the base. The in-
ternodes of the stem are not at all sensitive, which
makes Mohl's statement that they are sometimes con-
verted. into tendrils the more surprising, not to say
improbable.

The whole leaf, whilst young and sensitive, stands
almost vertically npwards, as we have seen to be the
case with many tendrils. It is in continual move-
ment, and one that I observed swept at an average
rate of about 2 hrs. for each revolution, large, though
irregular, ellipses, which were sometimes narrow,
sometimes broad, with their longer axes directed to
different points of the compass. The young inter-
nodes, likewise revolved irregularly in ellipses or
spires; so that by these combined moyements a con-
siderable space was swept for a support. If the terminal
and attenuated portion of a petiole fails to seize any
object, it ultimately bends downwards and inwards,
and soon loses all irritability and power of amovement.
This bending down differs much in nature from that
which occurs with the extremities of the young leaves
in many species of Clematis; for these, when thus
bent downwards or hooked, first acquire their full
degree of sensitiveness.

Dicentra thalictrifolia—In 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 tendrils appear like modified
branches, and a distinguished botanist thought that
they were of this nature; but in a full-grown plant
there can be no doubt, as I am assured by Dr. Hooker,
that they are modified leaves. When of full size, they
are above 5 inches in length; they 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
imain stem is only slightly so. The terminal branches
when lightly rubbed with a twig became curved in
the course of from 30 m. to, 42 m., and straightened
themselves in between 10 hrs. and 20 hrs. A loop
of thread weighing one-eighth of a grain plainly
caused the thinner branches to bend, as did occasion-
ally a loop weighing one-sixteenth of a grain; but
this latter weight, though left suspended, was not
sufficient to cause a permanent flexure. The whole
Jeaf with its tendril, as well as the young upper inter-
nodes, revolves vigorously and gnickly, though irregu-
larly, and thus sweeps & wide space. The figure traced
on a bell-glass was either an irregular spire or a
zigzag line. The nearest approach to an ellipse was an
elongated figure of 8, with one end a little open, and
this was completed in 1 hr. 53 m. During a period
of 6 hrs, 17 m. another shoot made a complex figure,
apparently represcnting three and a half ellipses.
When the lower part of the petiole bearing the lealleta

—p——————
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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 themselves to the
supporting surface, as is done in so perfect a manner
by some Bignoniacew and Cobaa. The tendrils of
young plants, two or three feet in height, are only
half the length of those borne by the same plant when
grown taller, and they do not contract spirally after
clasping a support, but only become slightly flexuons.
Full-sized tendrils, on the other hand, contract spirally,
with the exception of the thick basal portion. Ten-
drils which have caught nothing simply bend down-
wards and inwards, like the extremities of the leaves
of the Corydalis claviculata. But in all cases the
petiole after a time is angularly and abruptly bent
downwards like that of Eceremocarpus.

\
)
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CHAPTER IV.

TENDRIL-BEARERS—(continued).

CuourEITACEE—Homologous nature of the tendrils— Echinocystis lobate,
remarkable movements of the tendrils to avoid seizing the terminal
ghioot—Tendrils not excited by contact with another tendril or by
drops of water— Undulatory movement of the extremity of the tendril
— Hanlurya, adherent diges—Viraca—Gradation between the
flower-peduncles and tendrils of the vine—Tendrils of the Virginian
Creeper turn from the light, and, after contact, develop adhesive
dises—SArINDACES —PAs<PLORACER— Passiflora gracilis— Rapid
revolving movement and sensitiveness of the tendrils—Not sensitive
to the contact of other tendrils or of drops of water—Spiral con-
traction of tendrils—Summary on the nature and action of

tendrils,

CucLrBITACEE.—The tendrils in this family have
been ranked by competent judges as modified leaves,
stipules, or branches ; or as partly a leaf and partly
a branch. De Candolle believes that the tendrils
differ in their homological nature in two of the tribes.®
From facts recently adduced, Mr. Berkeley thinks
that Payer’s view is the most probable, namely, that
the tendril is “a separate portion of the leaf itself;”
but much may be said in favour of the belief that it
is a modified flower-peduncle.t

* T am indebted to Prof. Oliver
for information on this head. In
the Bulletin de la Société Bota-
nique de France, 1857, there are
numerons  digcnssions on  the
natare of the tendrils in this
family,

t ¢ Gardeners® Chronicle,” 1864,
p. 721. From the affinity of the
Cucurbitaces to the Passifloraces,
it might be argued that the
tendrils of the former are modified
flower-peduncles, as is cerfuinly
the case with those of Paseloms
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Echinocystis lobata.—Numerous observations were
made on this plant (raised from seed sent me by Prof,
Asa Gray), for the spontaneous revolving movements
of the internodes and tendrils were first observed by
me in this case, and greatly perplexed me. My obser-
vations may now be much condensed. I observed
thirty-five revolutions of the internodes and tendrils ;
the slowest rate was 2 hrs, and the average rate, with
no great fluctuations, 1 hr. 30 m. Sometimes I tied
the internodes, so that the tendrils alone moved; at
other times I 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
direction. Sometimes the movement during a short
time would either stop or be reversed; and this
apparently was due to interference from the light,
as, for instance, when I placed a plant close to a
window. In one instance, an old tendril, which had
nearly ceased revolving, moved in one direction,
whilst a 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

flowers. Mr. R. Holland (Hard- garden, where one of the short
wicke's ¢ Science-Gossip,” 1865, p.  prickles wupon the fruit had
105) states that “a cucumber grown out into s long, curled
grew, o fow years 8go in mwy own  tendril.”
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tendrils, are from 15 to 16 inches in diameter. During
the revolving movement, the internodes become
successively curved to all points of the compass;
in one part of their course they are often inclined,
together with the tendrils, at about 45° to the horizon,
and in another part stand vertically up. There was
something in the appearance of the revolving internodes
which continually gave the false impression that their
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
a little, and went on revolving. This false appearance
is apparently due to the internodes and tendrils all
curving and moving harmoniousiy together.

A revolving tendril, though inclined during the
greater part of its course at an angle of about 45° (in
one case of only 37°) above the horizon, stiffened and
straightened itself from tip to base-in a certain
part of its course, thus becoming nearly or quite
vertical. I 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 whale 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 oecurred as
the tendril approached, and had to pass over the shoot
in its circular course. If it had not possessed and
exercised this curious power, it would infallibly have
struck against the extremity of the shoot and been

K
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arrested. As soon as the tendril with its three

branches begins to stiffen itself in this manner and to

rise from an inclined into a vertical position, the '
revolving motion becomes more rapid; and as soon

as the tendril has succeeded in passing over the ex-

tremity of the shoot or point of difficulty, its motion,

coinciding with that from its weight, often causes it to

fall into its previously inclined position so quickly,

that the apex could be seen travelling like the minute

hand of a gigantic clock.

The tendrils are thin, from 7 to 9 inches in length, -
with a pair of short lateral branches rising not far
from the base. The tip is slightly and permanently
curved, so as to act to a limited extent as a hook. The
concave side of the tip is highly sensitive to a touch;
but not so the convex side, as was likewise observed
to be the case with other species of the family by
Mohl (p. 65). I 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 straightened
themselves, I reversed the process of rubbing, and |
always with the same result. After touching the
concave side, the tip becomes sensibly curved in one or
two minutes ; and subsequently, if the touch has been at
all rough, it coils itself into a helix. But the helix j

will, after a time, straighten itself, and be again ready
to act. A loop of thin thread only one-sixteenth of

|
R R O R R R R R R R RRBRRRREEEEEEEEE==NNS




Crar. IV. CUCULBITACEZE. 131

a grain in weight caused a temporary flexure. The
lower part was repeatedly rubbed rather roughly,-but
no curvature ensued ; yet this part is sensitive to pro-
longed pressure, for when it came into contact with a
stick, it would slowly wind round it.

One of my plants bore two shoots near together,
and the tendrils were repeatedly drawn across one
another, but it is a singular fact that they did not
once catch each other. It would appear as if they had
become habituated .to contact of this kind, for the
pressure thus caused must have been much greater
than that caused by a loop of soft thread weighing
only the one-sixteenth of a grain. I have, however,
seen several tendrils of Bryonia dioica interlocked, buu
they subsequently released one another. The tendrils
of the Echinocystis are also habituated to drops of
water or to rain; for artificial rain made by violently
flirting a 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 lateral branches has firmly
clasped an object, the middle branch continues to
revolve. When a stem is bent down and secured, so
that the tendril depends but is left free to move, its pre-
vious revolving movement is nearly or quite stopped ;
but it soon begins to bend upwards, and as soon as it
has become horizontal the revolving movement recom-
mences. I tried this four times ; the tendril generally

rose to a horizontal position in an hour or an hour and
K2
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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 balf an hour afterwards it rose to 23°
above the horizon and then recommenced revolving.
‘I'his 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 nc
use to the plant.

Though the tendril is highly flexible, and though
the extremity travels, under favourable circumstances,
at about the rate of an inch in two minutes and a
quarter, yet its sensitiveness to contact is so great that
it hardly ever fails to seize a thin stick placed in its
path. The following ecase surprised me much : I placed
a thin, smooth, cylindrical stick (and I 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 curl 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 1acasurements I proved that
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there had been no sensible increase of length within
the time. When a stick, flat on one side, was
similarly placed, the tip of the tendril could not
curl beyond the flat surface, but coiled itself into
a helix, which, turning to one side, lay flat on the
little flat surface of wood. In one instance a portion
of tendril three-quarters of an inch in length was thus
dragged on to the flat surface by the coiling in of the
helix. But the tendril thus acquires a very i:}.sccure
hold, and generally after a time slips off. In one case
alone the helix subsequently uncoiled itself, and the
tip then passed round and clasped the stick. The
formation of the helix on the flat side of the stick
apparently shows us that the continued striving of the
tip to curl itself closely inwards gives the force which
drags the tendril round a smooth cylindrical stick.
In this latter case, whilst the tendril was slowly and
quite insensibly crawling onwards, I observed several
times through a lens that the whole surface was not in
close contact with the stick ;.and I can understand the
onward progress only by supposing that the movement
is slightly undulatory or vermicular, and that the tip
alternately straightens itself a little 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 he can grasp the pole with the
palm of his hand. However this may be, the fact is
certain that a tendril which has canght a round stick
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with its extreme point, ean work itself onwards until
it has passed twice or even thrice round the stick,
and has permanently grasped it.

Hanburya Mewzicana.—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 Echinocystis. The stem does not twine, but can

yascend an upright stick by the aid of its tendrils.
The ggneave 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 bas~, a short
rigid branch, which projects out at right angles like
a spur, with the terminal half bowed a little down-
wards. Hence, as the main vertical brancl. revolves,
the spur, from its position nd rigidity, cannot pass
over the extremity of the shoot, in * e same curious
manner as do the three branches of the tendril of the
Lichinoeystis, namely, by stiffening themselves at the
proper point.  The spur is therefure 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 case of co-adaptation
here comes into play : in all the other tendrils observed
by me, the several branches become sensitive at the
sume period : had this been the case with the Hanbury z,
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 a useless or injurious manner. But the
main branch of the tendril, after revolving for a time
in a vertical position, spontaneously bends downwards;
and in doing so, raises the spur-like branch, which
itself also curves upwards; so that by these combined
movements it rises above the projecting end of the
ghoot, and can now move freely without tuuclunv the
shoot ; and now it first becomes sensitive.

The tips of both branches, when they come into
contact with a stick, grasp it like any ordinary tendril.
But in the course of a few days, the lower surface
swells and becomes developed into a cellular layer,
which adapts itself closely to the wood, and firmly
adheres to it. This layer is analogous to the adhesive
discs formed by the extremities of the tendrils of
some species of Bignonia and of Ampelopsis; but
in the Hanburya the layer is developed along the
terminal inner surface, sometimes for a length of
17 inches, and not #* the extreme tip. The layer
is white, whilst the tendril is green, and near the
tip it is sometimes fhicker than the tendril itself; it
generally spreads a little beyond the sides of the
tendril, and is fringed with free elongated cells, which
have enlarged globular or retort-shaped heads. This
cellular layer apparently secretes some resinous cement ;
for its adhesion to the wood was not lessened by an
immersion of 24 hrs. in alcohol or water, but was quite
loosened by a similar immersion in ether or turpentize,
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After a tendril has once firmly coiled itself round
a stick, it is difficult to imagine of what use the ad-
hesive cellular layer can be. Owing to the spiral
contraction which soon ensues, the tendrils were never
able to remain, excepting in one instance, in contact
with a thick post or & nearly flat surface; if they had
quickly become atta ~d by means of the adhesive
layer, this would evidemly have been of service to the
plant.

The tendrils of Bryvnia dioica, Cucurbita ovifera,
and Cucwmnis sativa are sensitive and revolve. Whether
the internodes likewise revolve I did not observe. In
Anguria Warscewiczii, the internodes, though thick
and stiff, revolve : in this plant the lower surface of
the tendril, some time after clasping a stick, produces
a coarsely 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
the family, the forked tendrils and the internodes re-
volve in periods between 2 hrs. 8 m. and 8 hrs. 35 m.,
moving against the sun.

Viracex.—In this family and in the two following,
namely, the Sapindacem and Passifloracem, the tendrils
are modified 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 nature,
however, of a tendril seems to make no difference
in its action.
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Vitis vinifera.—The tendrl 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
equally from it. One of the branches (B) has a
scale at its base; it is always, a= ‘r as I have seen,
longer than the other ard often bifurcates. The
branches when rubbed hecome cr.ved, and subse-

eSS

Fig. 9.
Tendril of the Vine,

A. Peduncle of tendril. . Shorter branch.
K. Longer branch, with a scale it its base. D, Putlole of the opposite leaf,

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
no object has been seized. The tendrils move spon-
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taneously from side to side; and on a very hot day,
one made two elliptical revolutions, at an ayerage rate
of 2 hrs, 15 m. During these movements a coloured
line, painted along the convex surface, appeared after
a time on one side, then on the concave gide, 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 revolyed
for a time, it bends from the light towards the dark :
I do not state this on my own authority, but on that
of Mohl and Dutrochet. Mohl (p. 77) says that in g
vine planted against a wall the tendrils point towards
it, and in a vineyard géuemlly more or less to the
north.

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 perfectly 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-glass over a young Muscat grape in the hot-
house, and it made each day three or four very small
oval revolutions; the shoot moving less than half an
inch from side to side. Had it not made at least three
revolutions whilst the sky was uniformly overcast, I
should have attributed this slight degree of movement
to the varying action of the light. The extremity of
the stem is more or less bent downwards, but it
never ‘reverses its cmrvature, as so generally oceurs
with twining plants,
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Various authors (Palm, p. 55; Mohl, p. 45; Lindley,
&e.) believe that the tendrils of the vine are modified
flower-peduncles. I here give a drawing (fig. 10) of
the ordinary state of a young flower-stalk: it consists

Fig. 10.
Flower-stalk of the Vine,

Peduncle. ! C. Sub-Poduncle, bearing the Bower-Duds,
a' m«ndr:l. with & scale at its base. I Dhtiole of the opposite leal.

of the “common peduncle” (A); of the “flower-
tendril” (B), which is TOI)X‘C‘SOnfOf] as having caught a
twig; and of the © sub-peduncle ” (C) bearing the
flower-buds. The whole moves spontaneously, like a
true tendril, but in a less degree; the movement,
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however, is greater when the sub-peduncle (C) does
not bear many flower-buds. The common peduncle
(A) has not the power of clasping a support, nor has
the corresponding part of a true tendril. The flower-
tendril (B) is always longer than the sub-peduncle (C)
and has a scale at its base; it sometimes bifurcates,
and therefore corresponds in every detail with the
longer scale-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-
sequently straightens itsell’; and it can, as is shown in
the drawing, securely clasp a support. I have seen
an object as soft as a young vine-leaf caught by
one.

The lower and naked part of the sub-peduncle (C)
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 case it becomes
less branched, inereases 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
become considerably elongated and were completely
wound round sticks, exactly like true tendrils. Tha
whole length of another, sub-peduncle, bearing only
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cleven flower-buds, quickly became curved when
slightly rubbed; but even this scanty number of
flowers rendered the stalk less sensitive than the
other branch, that is, the flower-tendril ; for the latter
after a lighter rub became curved more quickly and
in a greater degree. I have seen a sub-peduncle
thickly covered with flower-buds, with one of its
higher lateral branchlets bearing from some cause
only two buds; and this one branchlet had become
much elongated and had spontaneously caught hold
of an adjoining twig ; in fact, it formed a little sub-
tendril. The increasing length of the sub-peduncle
(C) with the decreasing number of the flower-buds is a
good instance of the law of compensation. In accord-
ance with this same principle, the true tendril as a whole
is always longer than the flower-stalk; for instance,
on the same plant, the longest flower-stalk (measured
from the base of the common peduncle to the tip of
the flower-tendril) was 8% inches in length, whilst the
longest tendril was nearly double this length, namely
16 inches.

The gradations from the ordinary state of a flower-
stalls, as represented in the drawing (fig. 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 a true tendril. From
this state we can trace every stage till we come to
a full-sized 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 a vine growing against
my house, there were thirteen and twenty-two flower-
buds respectively on two flower-tendrils, which still
retained their characteristic qualities of sensitiveness
and spontancous movement, butin a somewhat lessened
degree. On vines in hothouses, so many flowers are
oceasionally produced on the flower-tendrils that a
double bunch of grapesis the result; and this is techni-
cally called by gardeners a “ cluster.” In 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 spontaneous movement. Such flower-
stalks closely resemble in structure those borne by
Cissus. This genus, belonging to the same family of
the Vitacem, produces well-developed tendrils and
ordinary bunches of flowers ; but thereare no gradations
between the two states. If the genus Vitis had been
unknown, the boldest believer in the modification of
species would never have surmised that the same
individual plant, at the same period of growth,
wonld have yielded every possible gradation between
ordinary flower-stalks for the support of the flowers
and fruit, and tendrils used exclusively fof elimbing.
But the vine clearly gives us such a case; and it

P N T —— A G mm——— T .
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seems to me as striking and curious an instance of
transition as can well be conceived. "

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

Both branches of the tendril, whilst young, are
highly sensitive. A touch with a peneil, so gentle as
only just to move a tendril borne at the end of
a long flexible shoot, sufficed to caunse it to become
perceptibly curved in four or five minutes. It became
straight again in rather above one hour. A loop of
soft thread weighing one-seventh of a grain (9-25 mg.)
was thrice tried, and each time caused the tendril to
become entved in 30 or 40 m. Half this weight pro-
duced no effect. The long foot-stalk is much less
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sensitive, for a slight rubbing produced no effect, al-
though prolonged contact with a stick caused it to bend,
‘'he two branches are sensitive on all sides, so that they
converge if touched on their inner sides, and diverge
if touchied on theirouter sides. If a branch be tonched
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, I had observed
only tendrils which are sensitive on one side alone,
and these when lightly pressed between the finger and
thumb become curved; but on thus pinching many
times the tendrils of the Cissus no curvature ensued,
and I falsely inferred at first that they were not at all
sensitive.

Cissus antarcticus—The tendrils on a young plant
. were thick and straight, with the tips a little curved.
When their concave surfaces 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 less sensitive than those of
the last species; but they made two revolutions, fol-
lowing the sun, rather more rapidly, viz., in 3 hrs. 30 m.
and 4 hrs. The internodes do not revolve.

Ampelopsis hederacea (Virginian Creeper).—The inter-
nodes apparently do not move more than can be
aceounted for by the varying action of the light. The
tendrils are from 4 to 5 inches in length, with the main
stem sending off several lateral branches, which have
their tips curved, as may be seen in the upper figure
(fig. 11). They exhibit no true spontaneous revolving
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movement, but turn, as was long ago observed by
Andrew Knight,* from the light to the dark. T have
seen several tendrils move in less than 24 hours, throngh
an angle of 180° to the dark side of a case in which
a 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
sourse: 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
nad crawled over a large box-tree clasped several of the
vranches ; but I have repeatedly seen that they will
withdraw themselves after seizing a stick. When they
meet with a flat surface of wood or a wall (and this
is evidently what they are adapted for), they turn
all their branches towards it, and, spreading them
widely apart, bring their hooked tips laterally into
contact with it. In effecting this, the several branches,
after touching the surface, often rise up, place them-
selves in a new position, and again come down into
contact with it.

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

o pLAp

* Trans, Phil Soe, 1812, p. 314.
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their under-sides the well-known little dises or cushions
with which they adhere firmly. In one case the tips
were slightly swollen in 38 hrs. after coming into
contact with a brick; in another case they were
gonsiderably swollen in 48 hrs, and in an additional
24 hrs. were firmly attached to a smooth board ; and
lastly, the tips of a younger tendril not only swelled
but became attached to a stuccoed wall in 42 hrs.
These adhesive discs resemble, except in colour and
in being larger, those of Bignonia capreolata. ‘When
they were developed in contact with a ball of tow, the
fibres were separately enveloped, but not in so effective
a manner as by B. eapreolata. Dises are mever de-
veloped, as far as I haye seen, without the stimulus of
at least temporary contact with some object.® They
are generally first formed on one side of the curved tip,
the whole 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, a tendril has clasped a cylindrical stick, an
irregular rim or disc is sometimes formed along the
inner surface at some little distance from the curved

* Dr. M'Nab remarks (Trane, adhere to any surface. The ten-

Bot. Soc. Edinburgh, vol xi. p,
292) that the tendrils of Amp.
Veitehii bear smull globular discs
before they have come into contact
with any ohjeet; and I have since
observed the same fact. These
discs, however, increase greatly
in size, if they press aguinst and

drils, therefore, of one species of
Ampelopsis require the stimulus
of contaet for the first developrent
of their discs, whilst thoee of
another epecica do not need any
such stimulus. Wp have seen an
exactly parallel case with tws
gpecies of Bignoniacew,
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tip ; this was also observed (p. 71) by Mohl. The dises
consist of enlarged cells, with smooth projecting nemi-
spherical surfaces, coloured red ; they are at first gorged
with fluid (see section given by Mohl, p. 70), but
nitimately become woody.

As the dises soon adhere firmly to such smooth
surfaces as planed or painted wood, or to the polished
leaf of the ivy, this alone renders it probable that
gome cement is secreted, as has been asserted to be
the case (quoted by Mohl, 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 water, diluted acetic acid and aleohol ;
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 pcppermiut) completely released every particle of
stone in the course of a few hours. This seems to prove
that some resinous cement is secreted. The quantity,
however, must be small; for when a plant ascended
a thinly whitewashed wall, the discs adhered firmly to
the whitewash ; but as the cement never penetrated
the thin layer, they were easily withdrawn, together
with little scales of the whitewash. It must not be
supposed that the attachment is effected exclusively
by the cement ; for the cellular outgrowth completely
envelopes every minute and irregular projection, and
insinuates itself into every crevice.

A tendril which has not become attached to any
body, does not contract spirally ; and in cou;'se of a

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

Fig 11,
Ampelopais hederaoeg,
A. Tondril fully develuped, with xlymm;: Jeaf on the opposite slde of the stem,
t

B. Older tendril, several weeks after its attachment to a wall, with the branches

thickened and spimlly cuntrasted, and with the extremitios developed inte disas
The unattacted branches of this tondsil have withered and dropped n?.

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 dises.
For a few days after the attachment of the discs, the
tendril remains weak and brittle, but it rapidly increases
in thickness and acquires great strength. During the
following winter it ceases to live, but adheres firmly in
a dead state both to its own stem and to the surface of
attachment. In the accompanying diagram (fig. 11.)
we see the difference between a tendril (B) some weeks
after its attachment to a wall, with one (A) from the
same plant fully grown but unattached. That the
change in the nature of the tissues, as well as the
spiral contraction, are consequent on the formation of
the discs, 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 same manner as does the
whole tendril if unattached. The gain in strength
and durability in a tendril after its attachment is
something wonderful. There are tendrils now adhering
to my house which are still strong, and have been
exposed to the weather in a dead state for fourteen or
fifteen years. One single lateral branchlet of a tendril,
estimated to be at least ten years old, was still elastic
and supported a weight of exactly two pounds. The
whole tendril had five disc-bearing branches of equal
thickness and apparently of equal strength; so that
after having been exposed during ten years to the
weather, it would probably have resisted a strain of
ten pounds ! '

SApINDACE E—Cardiospermum halicacabum.—In this
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family, as in the last, the tendrils are modified flower-
peduneles. In the present plant the two lateral
branches of the main flower-peduncle have been con-
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

¢ Fig. 12,
Cardiorpermum halicacabum,

Upper part of the flower-peduncle with its two tendrils,

and re-divides, and bears the flowers; ultimately it
grows half as long again as the two other modified
branches. These latter are the tendrils; they are at
first thicker and longer than the middle branch, but
never become more than an inch in length. They
taper to a point and are flattened, with the lower
clasping surface destitute of hairs. At first they project
straight up; but soon diverging, spontancously curl
downwards so as to become symmetrically and elegantly
hooked, as represented in the diagram. They are now,
whilst the flower-buds are still small, ready for
action.




Cuar. IV. SAPINDACEZE. 151

The two or three upper internodes, whilst young,
steadily revolve ; those on one plant made two cireles,
against the course of the sun, in 3hrs. 12m.; in a
second plant the same course was followed, and the
two cireles were completed in 8 hrs. 41 m.; in a 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 (Mohl, p.
4) to 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 1is securely tied, the long and
thin flower-peduncles themselves are seen to be in
continued and sometimes rapid movement from side
to side. They sweep a wide space, but only occasion-
ally revolve in a regular elliptical course. By the
combined movements of the internodes and peduncles,
one of the two short hooked tendrils, sooner or later,
eatehes hold of some twig or branch, and then it curls
round and securely grasps it. These tendrils are, how-
ever, but glightly sensitive ; for by rubbing their under
surface only 2 slight movement is slowly produced.
T hooked a tendril on to & twig; and in 1 hr. 45 m. it
was curved considerably inwards; in 2hrs. 30m. it
formed a ring; and in from 5 to 6 hours from being
Grst hooked, it closely grasped the stick. A second
tendril acted at nearly the same rate; but I observed
one that took 24 hours before it curled twice round a
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thin twig. Tendrils which have caught nothing, spons"

tancously curl up to a close helix after the inter-
val of several days. Those which have curled round
some object, soon become a little thicker and tougher.
The long and thin main peduncle, though sponta-
neously moving, is not sensitive and never clasps a
support. Nor doesit ever contract spirally,* although a
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 ¢! enormous size (hernce its English
name of balloon-vine), and as two or three are carried
on the same peduncle, the tendrils rising close to
them may be of service in preventing their being
dashed to pieces by the wind. In the hothouse the
tendrils served simply for climbing,

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

I have seen, but was not enabled carefully to observe,
only one other climbing Sapindaceous plant, namely,

* Fritz Miiller remarks (ibid. p.  that the common peduncle con-
348) that a related genus, Serjania,  tracts spirally, when, as frequently
diffurs from Cardiospermum in  happens, the tendril Las clasped
bearing only asingle tendril ; and  the plant’s own stem,
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Pawllinia. It was not in flower, yet bore long forked
tendrils. So that, Paullinia, with respect fo its tendrils,
uppears to bear the same relation to Cardiospermum
that Cissus does to Vitis.

PAsSIFLORACEE.—After reading the discussion and
facts given by Mohl (p. 47) on the nature of the
tendrils in this family, no one can doubt that they are
modified flower-peduncles. The tendrils and the
flower-peduncles rise close side by side ; and my son,
William E. Darwin, made sketches for me of their
earliest 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
one very young tendril surmounted by traces of floral
organs, exactly like those on the summit of the true
flower-peduncle at the same early age.

Passiflora gracilis—This well-named, elegant, annual
species 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 I have examined, in the rapidity of its
movements, and all tendril-bearers in the sensitiveness
of the tendrils. The internode which carries the upper
active tendril and which likewise carries one or two
younger immature internodes, made three revolutions,
following the sun, at an average rate of 1 hr.4m.; it
then made, the day becoming very hot, three other
revolutions at an average rate of between 57 and
58m. ; sc that the average of all six revolutions was
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1 hr. 1 m. Theapex of the tendril deseribes elongated
ellipses, sometimes narrow and sometimes broad, with
their longer axes inclined in slightly different direc-
tions. The plant can ascend a thin upright stick by
“the aid of its tendrils; but the stem is too stiff’ for it
to twine spirally round it, even when not interfered
with by the tendrils, these having been successively
pinched off at an early age.

When the stem is secured, the tendrils are seen to
revolve in 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 is not sensitive; but
when nearly full-grown they are extremely sensitive.
A single delicate touch on the concave:surface of the
tip soon caused one to curve; and in 2 minutes it
formed an open helix. A loop of soft thread weighing
nd of a grain (202 mg.) placed most gently on the
tip, thrice caused distinct curvature. A bent bit of
thin platina wire weighing only JAsth of a grain (1°23
mg.) twice produced the same 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

* Prof. Az Gray informs me tempersture varying from 88°-92°
that the tendrils of P, sicyoides  Fahr) in the following times,
revolve even nt a quicker rate 40 m., 45 m,, 88} m., and 46 m,
than those of P, gracilis; four Onpe half-revolution was per
revolutions were completed (the formed in 15 m,
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not agifated by the wind. The movement after a touck
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 a
minute after a touch; but on one occasion it was
distinetly visible in 25 seconds. One of the tendrils
which thus became bent in 31 seconds, had been
touched twe 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
become curved when touched, I kept a plant in my
study, which from being cooler than the hot-house was
not very favourable for the experiment. The 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 mearly 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 oceasion, 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 greafer 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 made on the Echinocystis,
and placed several plants of this Passiflora so close
together, that their tendrils were repeatedly dragged
over each other; but no curvature ensued. T 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 gnd of a grain) when
allowed to fall on it from a height, and these loops,
which caused the tendrils to become curved, had been
placed most gently on them. Hence it is clear, that the
tendrils either have become habituated to the touch of
other tendrils and drops of rain, or that they were from
the first rendered sensitive only to prolonged though
excessively slight pressure of solid objects, with the
exclusion of that from other tendrils. To show the
difference in the kind of sensitiveness in different plants
and likewise to show the force of the syringe used, I
may add that the lightest jet from it instantly caused
the leaves of a Mimosa to close; whereas the loop of
threal weighing ¢ond of a grain, when rolled into a
ball and placed gently on the glands at the bases of
the leaflets of the Mimosa, caused no action.

Passiflora punctata—The internodes do not move,
but the tendrils revolve regularly. A half-grown and
very sensitive tendril made three revolutions, opposed
to the course of the sun, in 3hrs. 5m., 2hrs. 40 nt.,
and 2 hrs. 50 m. ; perhaps it might have travelled more

e —— S ——— . .
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quickly when uearly full-grown. A plant was placed
in front of a window, and, as with twining stems, the
light accelerated the movement of the tendril in one
direction and retarded it in the other; the semiecircle
towards the light being performed in one instance in
15 m. lesstime and in a second instance in 20 m. less time
than that required by the semicircle towards the dark
end of the room. Considering the extreme tenuity of
these tendrils, the action of the light on them is
remarkable. The tendrils are long, and, as just stated,
very thin, with the tip slightly curved or hooked.
The concave side is extremely sensitive to a touch—
even a single touch causing it to curl inwards; it
subsequently straightened itself, and was again ready
to act. A loop of soft thread weighing {};th of a grain
(4625 mg.) caused the extreme tip to bend; another
time I tried to hang the same little loop on an inclined
sendril, but three times it slid off; yet this extra-
ordinarily slight degree of friction sufficed to make the
tip curl. The tendril, though so sensitive, does not
move very quickly aftera touch, no conspicuous move-
ment being observable until 5 or 10 m. had elapsed.
The convex side of the tip is not sensitive to a touch
or to a suspended loop of thread. On one ocecasion I
observed a tendril revolving with the convex side of
the tip forwards, and in consequence it was not able
to clasp a stick, against which it scraped ; whereas
tendrils revolving with the concave side forward,
promptly seize any object in their path.

Passiflora quadmnyuhrris.—This is a very distinet
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species. The tendrils are thick, long, and stiff'; they
are sensitive to a touch only on the concave surface
towards the extremity. When a stick was placed so
that the middle of the tendril came into contact with it,
no curvature ensued. In the hothouse a tendril made
two revolutions, each in 2 hrs. 22 m.; in a cool room
one was completed in 3 hrs,, and a second in 4 hrs.
The internodes do not revolve; nor do those of the
hybrid P. 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 hrs. 7m. The
extremity being lightly rubbed on the concave surface,
became just perceptibly curved in 7 m., distinetly in
10 m., and hooked in 20 m.

We have seen that the tendrils in the last three
families, namely, the Vitaces, Sapindace:w® and Passi-
floracem, are modified flower-peduncles. This is like-
wise the case, according to De Candolle (as quoted
by Mohl), with the tendrils of Brunnichia, one of the
Polygonacem. In two or three species of Modecca, one
of the Papayacewm, the tendrils, as I 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 in a
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 petioles of Tropmolum tricolorum, On the
other hand, the tendrils of all tendril-bearing plants,
contract spirally after they have caught an object with
the following exceptions. Firstly, Corydalis clavieulata,
but then this plant might be called a leaf-climber.
Secondly and thirdly, Bignonia unguis with its close
allies, and Cardiospermum; but their tendrils are so
short that their contraction could hardly oeeur, and
would be quite superfluous. Fourthly, Smilaz aspera
offers a 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. I have seen
no other exceptions to the rule that tendrils, after
clasping with their extremities a support, undergo
spiral contraction. When, however, the tendril of a
plant of which the stem is immovably fixed, catches
gome fixed object, it does not contract, simply because
it cannot; this, however, rarely occurs. 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 a spire.

I have said that in Corydalis claviculata the end of
the leaf or tendril (for this part may be indifferently
8o called) does mnot contract into a spire. The
branchlets, however, after they have wound round

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

If the short, nearly styaight portion of an attached
tendril of Passiflora gracilis, (and, as I believe, of other
tendrils,) between the opposed spires, be examined, it
will be found to be transversely wrinkled in a con-
spicuous manner on the outside; and this would
naturally follow if the outer side had grown more than
the inner side, this part being at the same time
forcibly prevented from becoming curved. So again
the whole outer surface of a spirally wound tendril
becomes wrinkled if it be pulled straight. Nevertheless,
as the contraction travels from the extremity of a
tendril, after it has been stimulated by contact with a
support, down to the base, I cannot avoid doubting,
from reasons presently to be given, whether the whole
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 tasal portion, and the
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tendril then forms a more or less 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 seveéral 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 gontraction of unattached
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 I have seen a
tendril with the two lateral branches encircling twigs
and eontracted into beautiful spires, whilst the main
branch which had canght nothing remained for many
days straight. In this plant I once observed a main
bra:nch after it had caught a stick become spirally
{lexuous in 7 hrs., and spirally contracted in 18 hrs.
Gienerally the tendrils of the Eehinocystis begin to
contract in from 12 hrs. to 24 hrs. after catching
some object ; whilst unattached tendrils do not begin
to contract until two or three or even more days after
all revolving movement has ceased. A full-grown
tendril of Passiflora quadrangularis which had canght
a stick began in 8 hrs. to contract, and in 24 hus,
formed several spires; a younger tendril, only two-
thirds grown, showed the first trace of contraction in

M
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two days after clasping & stick, and in two more
days formed several spires. It appears, therefore, that
the contraction does mnot begin until the tendril is
grown to nealy its full length. Another young
tendril of about the same age and length as the last
did not catch any object ; it acquired its full length
in four days; in six additional days it first became
flexuous, and in two more days formed one com-
plete spire. This first spire was formed towards the
basal end, and the conggaction steadily but slowly
progressed towards the apex; but the whole was not
closely wound up into a spire until 21 days had
elapsed from the first observation, that ie, until 17
days after the tendril had grown to its full length.
The spiral contraction of tendrils is quite indepen-
dent of their power of spontaneously revolving, for it
occurs in tendrils, such as those of Lathyrus grandi-
florus and Ampelopsis hederacea, which do not revolve.
It is not necessarily related to the curling of the tips
round a sapport, as we see with the Ampelopsis and
Bignonia capreolata, in which the development of
adherent dises suffices to cause spiral contraction.
Yot in some cases this contraction seems connected
with the curling or clasping movement, due to contact
with a support; for not only does it soon follow tiis
act, but the contraction generally begins close to the
curled extremity, and travels downwards to the base.
1f, however, & 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 haye 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 Vitaces, which are modified flower-
peduncles. But in the great majority of cases, tendrils
which have never come iff contact with any object,
after a time contract spirally. All these facts taken
together, show that the act*of clasping a support and
the spiru.l contraction of the whole length of the
tendril, are phenomena not necessarily connected.

The spiral contraction which ensues after a tendril
hias caught a support is of high service to the plant;
hence its almost universal occurrence with species
pelonging to widely different orders. When a shoot
is inclined and its tendril has caught an object above,
the spiral contraction drags up the shoot. When the
shoot 18 upright, the growth of the stem, after the
tendrils bave seized some object above, would leave it
dJack, were it not for the spiral contraction which
draws up the stem as it increases in length. Thus
there 18 10 waste of growth, and the stretched stem
qscends by the shortest course. When a terminal
: ndril of Cobza catches a stick, we

branchlet of the te
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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. It is this elasticity which pro-
tects both branched and simple tendrils from being torn
away from their supports during stormy weather. I
have more than once gone on purpose during a gale to
watch a Bryony growing in an exposed hedge, with
its tendrils attached to the surrounding bushes; and
as the thick and thin branches were tossed to and fro
by the wind, the tendrils, had they not been excessively
elastie, would instantly have been torn 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 cable ahead to serve
as a spring as she surges to the storm.

When an unattached tendril contracts spirally, the
spire always runs in the same direction from tip to
base. A tendril, on the other hand, which has canght
a support by its extremity, although the same side is
concave from end to end, invariably becomes twisted
in one part in one direction, and in another part in the
opposite direction; the oppositely 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 mever
oceurs with uncaught tendrils; and when this appears
to have occurred, it wiil be found that the tendril had
originally ceized some object and had afterwards been
torn free. Commonly, all the spires at one end of an
attached tendril run in one direction, and all those at

Fig. 13,
A canght tendril of Bryonia dioica, spimlly contracted in reversed diroctions.

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

» Ree M. Isid. Léon in Bull. wind into a spire, which, since
Soc. Bot. de France, tom. v. 1838,  the tendril is made fast at both

. 630, Dr. H. de Vries points  extremities, must of necessity be
out (p. 306) that I hoveoverlooked, in some places to the right, in
in the first edition of this essny, others to the left” But Tam nat
the following sentence by Mohl:  surprised that this brief sentence,
“ After a tendril has canght o  withiout any further explanation
support, it begins in s0me days to  d.d not atiract my attention.
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still further secured by the spiral folds, as I have seen
with Passiflora quadrangularis; but this action i1s 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. It isthis elasticity which pro-
tects both branched and simple tendrils from being torn
away from their supports during stormy weather. I
have more than once gone on purpose during a gale to
watch a Bryony growing in an exposed hedge, with
its tendrils attached to the surrounding bushes; and
as the thick and thin branches were tossed to and fro
by the wind, the tendrils, had they not been excessively
elastie, would instantly have been torn 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 cable ahead to serve
as a spring as she surges to the storm.

When an unattached tendril contracts spirally, the
spire always runs in the same direction from tip to
base. A tendril, on the other hand, which has caught
a support by its extremity, although the same side is
concave from end to end, invariably becomes twisted
in one part in one direction, and in another part in the
opposite direction; the oppositely turned spires being
separated by a short straight portion. This curious

— -

T ——

—




Cuar IV. SPIRAL CONTRACTION. 165

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
occurs with uncaught tendrils; and when this appears
to have occurred, it wiil be found that the tendril had
originally seized some object and had afterwards been
torn free. Commonly, all the spires at one end of an
attached tendril run in one direction, and all those at

Fig. 13.
A caught tendril of Bryon{a disica, spirally contracted in reversed directions.

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

« Sop M. Isid. Lon in Bull.
8oc. Bot. de Franee, tom. ¥, 1858,
p. 680, Dr. H. de Vries points
out (p. 806) that I have m'-._-rlooked,
in the first edition of this essuy,
the following sentence by Mohl:
“After u tendril has caught a
aupport, it begins in some days to

wind into a spire, which, since
the tendril is made fast at both
extremities, must of necessity be
in gome places to the right, in
others to the 1eft” But I amnot
gurprised that this brief sentence,
without eny further explination
d:d not attract my attention,
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in opposite directions, with straight pieces between
them; and M. Léon has seen seven or eight such
alternations. Whether the spires turn once or more
than once in opposite directions, there are as many
turns in the one direction as in the other. For
instance, I gathered ten attached tendrils of the
Bryony, the longest with 33, and the shortest with
only 8 spiral turns; and the number of turns in the
one direction was in every case the same (within one)
as in the opposite direction.

The explanation of this curious little fact is not
difficult. I'will not attempt any geometrical reasoning,
but will give only a practical illustration. In doing
this, I shall first have to allude to a point which was
almost passed over when treating of Twining-plants.
If we hold in our left hand a bundle of parallel strings,
we can with our right hand twn 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 same 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-
volvulus, 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

)

Pr———T -

o Y



Cuar. IV. SPIRAL CONTEACTION. 167

their own axes, af the proper rate and in the proper
direction, might avoid becoming twisted; but I have
seen no such case.

In the above illustration, the parallel strings were

wound round a stick; but this is by no means neces-
sary, for if wound into a hollow coil (as can be done
with a narrow slip of elastic paper) there is the same
inevitable twisting of the axis. When, therefore, a free
tendril 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. It was hardly necessary
to observe this fact; but I did so by affixing little
paper vanes to the extreme points of the tendrils of
Echinocystis and Passiflora quadrangularis; and as
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 caught 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 I
know by trial, would burst the tendril before the thirty
turns were completed.  Such cases never really oceur;
for, as already stated, when a tendril has canght a
support and is spirally contracted, there are always
as many tures in one direction as in the other; sothat
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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 or to the left, which are first made. Take
a piece of string, and let it hang down with the lower
end fixed to the floor; then wind the upper end
(holding the string quite loosely) spirally round a per-
pendicular pencil, and this will twi" - the lower part of
the string ; and after it has been cufficiently twisted, it
will be seen to curve itself into an open spire, with the
curves running in an opposite direction to those round
the pencil, and consequently with a straight piece of
string between the opposed spires. In short, we have
given to the string the regular spiral arrangement of a
tendril caught at both ends. The spiral contraction
generally begins at the extremity which has clasped a
support ; and these first-formed spires give a twist to the
axis of the tendril, which necessarily inclines the basal
part into an opposite spiral curvature. I cannot resist
giving one other illustration, though superfluous:
when a haberdasher winds up ribbon for a customer,
he does not wind it into a single coil ; for, if he did,
the ribbon would twist itself as many times as there
were coils; but he winds it into a figure of eight on
his thumb and little finger, so that he alternately
takes turns in opposite directions, and thus the ribbon
is not twisted. So it is with tendrils, with this sole
difference, that they take several consecutive turns in
one direction and then the same numberin an opposite
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direction; but in both cases the self-twisting is
avoided. 4

Summary on the Nature and Action of Tendrils.

With the majority of tendril-bearing plants the young
internodes revolve in more or less broad ellipses, like
those made by twining plants; but the figures de-
seribed, when carefully traced, generally form irregular
ellipsoidal spires. The rate of revolution varies from
one to five hours in different species, and consequently
is in some cases more rapid than with any twining
plant, and is never g0 slow as with those many twiners
which take more than five hours for each revolution.
The direction is variable even in the same individual
plant. In Passiflora, the internodes of only one
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
Feeremocarpus the movement is interrupted by many
long pauses. Very few tendril-bearing plants can
spirally twine up an upright stick. Although the

" power of twining has generally been lost, either from

the stiffness or shortness of the internodes, from the size
of the leaves, or from some other unknown cause, the
revolving movement of the stem serves to bring the
tendrils into contact with surrounding objects.

The tendrils themselves also spontaneously revolve.
The movement begins whilst the tendril is young, and
is at first slow. The mature tendrils of Bégnonia 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 Passiflore, 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
spontaneously revolve, as with Lathyrus grandiflorus
and dmpelopsis. In most Bignofias, Eceremocarpus,
Mutisia, and the Fumariacewm, the internodes, petioles
and tendrils all move harmoniously together. In
every case the conditions of life must be favourable in
order that the different parts should act in a perfect
manner, ;

Tendrils revolve by the curvature of their whole
length, excepting the sensitive extremity and the
base, which parts do not move, or move but 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
cause, namely, the rapid growth of a longitudinal band,
which travels round the tendril and successively bows

each part to the opposite side, Hence, if a line be

painted along that surface which happens at the time
to be convex, the line becomes first lateral, then
concave, then lateral, and ultimately again convex.
This experiment can be tried only on the thicker
tendrils, which are not affected by a thin 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 exe
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tremities of fwining 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 one of several revolving internodes, which all
move together by successively bending to each point
of the compass. There is, however, in many cases this
unimportant difference, that the curving tendril is
separated from the curving internode by a rigid
petiole.  With most tendril-bearers the summit of the
stem or shoot projects above the point from which
the tendril arises; and it is generally bent to one side,
s0 as to be out of the way of the revolutions swept by
the tendril. In those plants in which the terminal
shoot is mot sufficiently out of the way, as we have
seen with the Echinocystis, as soon as the tendril
comes in its revolving course to this point, it stiffens
and straightens itself, and thus rising vertically up
passes over the obstacle in an admirable manner.

All tendrils are sensitive, 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 enough
to induce curvature. Passiflora gracilis possesses the
most sensitive tendrils which I have observed : a bit
of platina wire J5th of a grain (1:23 mg.) in weight,
gently placed on the concave point, caused a tendril
to become hooked, as did a loop of soft, thin cotton
thread weighing #ynd of a grain (202 mg.) With the
tendrils of several other plants, loops weighing };th of
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a grain (405 mg.) sufficed. The point of a tendril of
Passiflora gracilis began to move distinctly in 25
seconds after a touch, and in many cases after 30
geconds. Asa Gray also saw movement in the tendrils
of the Cucurbitaceous genus, Sieyos, 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
continues to increase for a 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
accustomed to so slight a stimulus, and straightened
themselves, as 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 case of the vine.

Tendrils of which the extremities are permanently
and slightly curved, are sensitive only on the concave
surface; other tendrils, such as those of the Cobea
(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 spur-like
branch does not acquire (for excellent reasons which
have been explained) its sensitiveness nearly so
soon as the main branch. With most tendrils the
lower or basal part is either not at all sensitive, or
sensitive only to prolonged contact. We thus see
that the sensitiveness of tendrils is a special and
localized capacity. It is quite independent of the
power of spontaneously revolving; for the curling ot
the terminal portion from a touch does not in the least
interrupt the former movenient. 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 a
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 Echinocystis slowly erawled round a smooth
stick.

As with a few exceptions tendrils spontaneously
revolve, 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 onwards by the revoly-
ing movement. Moreover, the sensitive extremities
have no revolving power as far as I have observed,
and could not by this means curl round a support.
With twining plants, on the other hand, the extremity
spontaneously bends more than any other part; and
this is of high importance for the ascent of the plant,
as may be seen on a windy day. It is, however, possible
that the slow movement of the basal and sfiffer parts
of certain tendrils, which wind round sticks placed i
their path, may be analogdus to that of twining plants.
But I hardly attended sufficiently to this point, and it
would have been difficult to distinguish between a
movement due to extremely dull irritability, from the
arrestment of the lower part, whilst the upper part
continued to move onwards.

Tendrils which are only three-fourths grown, and
perhaps even at an earlier age, but not whilst extremely
young, have the power of revelving and of grasping
any object which they touch. These two capacities
are generally acquired at about the same period, and
both fail when the tendril is full grown. But in
Cobza and Passiflora punctata the tendrils begin to
revolve in a useless manner, before they have becoma
sensitive. In the Echinocystis they retain their
sensitiveness for some time after they have ceased to

L CORNE 4
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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 rare circumstance thus to detect any super-
fluity or imperfection in the action of tendrils—organs
which are so excellently adapted for the functions
which they have to perform; but we see that they are
not always perfect, and it would be rash to assume
that any existing tendril has reached the utmost limit
of perfection.

Some tendrils have their revolving motion accelerated
or retarded, in moving to or from the light; others,
as with the Pea, seem indifferent to its action; others
move steadily from the light to the dark, and this aids
them in an important mahuer 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. Inthe Eceremocarpus the extremities alone
twist and turn about so as to bring their finer branches
and hooks into close contact with any dark surface, or
into crevices and holes.

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

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 curl round an object of moderate thick-
ness, whatever its nature may be.* But the genus
Bignonia shows us what diversity of action there may
be between the tendrils of closely allied species. In
all the nine species observed by me, the young in-
ternodes revolve vigorously; the tendrils also re-
volye, 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 three of the
species, and the tendrils of all are sensitive to contact.
In the first-described species, the tendrils res mble
in shape a bird’s foot, and they are of no service to the
stem in spirally ascending a thin upright stick, but
they can seize firm hold of a twig or branch. When

* Sachs, however (* Text-Book  adapted to clasp supporte of
of Botany,” Eng. Translation, 1875,  different thicknesses, He further
p. 280), has shown that which ehows that ofter a tendril hLas
1 overleokel, namely, that the clusped a support it subsequently
tendrils of difforent species are  tightens its bold,
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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 have greater power of move-
ment than those of the last species; they are able,
together with the' tendrils, to wind inextricably round
a thin upright stick; but the stem does not twine
so well. B. Tweedyana has similar powers, but in
addition, emits aérial roots which adhere to the wood.
In B. venusta the tendrils are converted into eloflgntcd
three-pronged grapnels, which move spontaneously in
a conspicuous manner; the petioles, however, have lost
their sensitiveness. The stem of this species can twine
round an upright stick, and is aided in its ascent by
the tendrils seizing the stick alternately some way
above and then contracting spirally. In B. litforalis
the tendrils, petioles, and internodes, all revolve spon-
tancously The stem, however, cannot twine, but ascends
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. speciosa possesses similar powers of movement as
the last species, but it cannot twine round a stick,
though it can ascend by clasping the stick horizon-
tally with one or both of its unbranched tendrils.
These tendrils continually insert their pointed ends
into minute crevices or holes, but as they are always
withdrawn by the subsequent spiral contraction, the
habit seems to us in our ignorance useless. Lastly,
N
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the stem of B. eapreolata twines imperfectly ; the much-
branched tendrils revolve in a capricious manner, and
bend from the light to the dark; their hooked ex-
tremities, even whilst immature, crawl into crevices,
and, when mature, seize any thin projecting point;
in either case they develop adhesive discs, and these
have the power of enveloping the finest fibres.

In the allied Eccremocarpus the internodes, petioles,
and much-branched tendrils all spontaneously revolve
together. The tendrils do not as a whole turn from
the light ; but their bluntly-hooked extremities arrange
themselves neatly on any surface with which they
come into contact, apparently so as to avoid the light.
They act best when each branch seizes a few thin
stems, like the culms of a grass, which they after-
wards draw together into a solid bundle by the spiral
contraction of all the branches. In Cobwma the
finely-branched tendrils alone revolve; the branches
terminate in sharp, hard, double, little hooks, with
both points directed to the same side; and these turn
by well-adapted movements to any object with whieh
they come into contact. The tips of the branches
also crawl into dark crevices or holes. The tendrils
and internodes of Ampelopsis have little or no power
of revolving; the tendrils are but little sensitive to
contact; their hooked extremities cannot seize thin
objects; they will not even clasp a stick, unless in
extreme need of a support; but they turn from the
light to the dark, and, spreading out their branches in
contact with any nearly flat surface, develop disea.
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These adhere by the secretion of some cement to a
wall, or even fo a polished surface; and this is more
than the discs of the Bignonia capreolata can effect.

The rapid development of these adherent dises is
one of the most remarkable peculiarities pussessed by
any tendrils. We have seen that such dises are formed
hy two species of Bignonia, by Ampelopsis, and,
according to Naudin,* by the Cucurbitaceous genus
Peponopsis adhaerens.  In Anguria the lower surface of
the tendril, after it has wound round a stick, forms
a coarsely cellular layer, which closely fits the wood,
but is not adherent; whilst in IHanburya a similar
layer is adherent. The growth of these cellular out-
growths depends, (except in the case of the Haplolophiui
and of one species of Ampelopsis,) on the stimulus from
contact. It is a singular fact that three families, so
widely - distinct as the Bignoxﬁaceae, Vitacem, and
Cucurbitacez, 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
bocomes concave. These movements consist of re-
volving nutation, the bending to and from the light,
and in opposition to gravity, those caused by a touch,
and spiral contraction. Itis rash to differ from so great

an authority, but I cannot believe that one at least of

* Annales des Sc. Nat. Dot. 4th series, tom. xii. p. 80,
N2
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these movements—curvature from a touch-—is thus
caused.* Inthe first place it may be remarked that the
movement of nutation differs from that due toa touch,
in so far 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 a touch is the result
of growth, is the extraordinary rapidity of the move-
ment. I have seen the extremity of a tendril of
Fassifiora gracilis, after being touched, distinctly 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 modifica-
tion of structure, in so short a time. The growth,
moreover, on this view must be considerable, for if the
touch has been at all rough the extremity is coiled
in two or three minutes into a spire of several turns.
When the extreme tip of the tendril of Echinocystis
caught hold of a smooth stick, it coiled itself in a
few hours (as described at p. 132) twice or thrice round

* It occurred to me that the cilie, but T suceceded only in ob-

movement of nutation and that
from a touch might be differently
affected by anmsthetios, in the
same manner o8 Paul Bert has
ehown to be the case with the
gleep-movements of Mimose and
those from a touch. I tried the
common pea and Passiflora gra-

serving that both movements were
unaffected by exposure for 13 hes.
to a mther large dose of sulphu-
ric ether. In this respect they
present a wonderful conteast with
Drosera, owing no doubt to the
presence of absorbent glands in
the Iatter plaut,
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the stick, apparently by an undulatory movement. At
first I attributed this movement to the growth of the
outside; black marks were therefore made, and the
interspaces measured, but I could not thus detect any
increase in length. Hence it seems 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
« oonsiderable acceleration occurs on the convex sur
% face, but in general there is no elongation on the
« soncave surface, or there may even be a contraction ;
% in the case of a tendril of Cucurbita this contraction
« gmounted to nearly one-third of the original length.”
In a subsequent passage Sachs seems to feel some diffi-
culty in accounting for this kind of contraction. It
must not however be supposed from the foregoing
remarks that I entertain any doubt, after reading De
Vries' observations, about the outer and stretched
surfaces of attached tendrils afterwards increasing in
Jength 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 curvature of

# «Text-Book of Botany, 1875, p. 779.
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a tendril when touched is due to rapid growth, seems to
be that tendrils lose their sensitiveness and power of
movement after they have grown to their full length;
but this fact is intelligible, if we bear in mind that all
the functions of a tendril are adapted to drag up the
terminal growing shoot towards the light. Of what
use would it be, if an old and full-grown tendril,
arising from the lower part of a shoot, were to retain
its power of clasping a support? This would be of
no use; and we have seen with tendrils so many in-
stances of close adaptation and of the economy of
means, that we may feel assured that they would
acquire irritability and the power of clasping a support
at the proper age—namely, youth—and would not
uselessly retain such power beyond the proper age.
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CHAPTER V.

Hoox Axp Roor-CLnupens.—CONCLUDING REMANER.

Plants climbing by the aid of hooks, or merely scrambling over other
plnnts—Root-climbere. adhesive matier secreted by the rootlets—
General conclusions with respect to climbing plants, and the stages
of their developments

Hool-Climbers—In 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
seize hold of objects by means of their petioles or
tendrils, there are two other classes, hook-climbers and
root-climbers. Many plants, moreover, as Fritz Maller
has remarked,® climb or scramble up thickets in a still
more simple fashion, without any special aid, excepting
that their leading shoots are generally long and flexible.
Tt may, however, be suspected from what follows, that
¢hese shoots in some CAses tend to avoid the light.
"The few hook-climbers which I have observed, namely,
Galium aparing, Rubus australis, and some climbing

I

+ Journal of Linn. Soc- vol ix. plants growing beneath other and
p. 848, Professor G- Jaoger has _erl taller spocies or trees, aro naturally
remnarked (CIn Suchen Darwin's, those which would b developid
insbesondere  contrd Wigand,  into climbers; and such plants,
1574, p. 106) that it is highly . from stretehing towards the light
characteristic of olimbing plants to and from nof being much agitated

longased, ard flexi- by the wind, tend to produce loug,

produce thin. € { i
ble stems. He farther remarks that  thin and flexible aloota.
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Roses, exhibit no spontaneous 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 those of the Galiwm ; some other twiners have stifi
reflexed hairs; and Dipladenia has a cirele of blunt
spines at the bases of its leaves. I have seen only
one tendril-bearing plant, namely, Smilaz aspera, which
18 furnished with reflexed spines; but this is the cass
with several branch-climbers in South Brazil and
Ceylon ; and their branches graduate into true tendrils.
Some few plants apparently depend solely on their
hooks for elimbing, and yet do so efficiently, as certain
palms in the New and Old Worlds. Even some:
climbing Roses will ascend the walls of a tall 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 18 not easy to understand how they could have got
under a trellis close to the wall.*

* Professor Asa Gray has ex- disposed to push into dark erevices

plained, as it would appear, this
difficulty in his review (American
Journal of Science, vol, x1. Sept,
1865, p. 282) of the present worls
He has observed that the strong
summer shoots of the Michizan
rose (Rosa setigera) are strongly

and away from the light, so that
they would be almost sure to
place themselves under o trellis,
He adds that the lateral shoots,
made on the following epring
emerged from the trellis as they
sought the light,
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Root-climbers.—A good many plants come under this
class, 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 I
hear from Mr. Spruce, grows in a curiously flattened
manner against the trunks of trees; here and there
it puts forth claspers (roots), which adhere to the
trunk, and, if the latter be slender, completely embrace
it. When this plant has climbed to the light, it pro-
duces free branches with rounded stems, clad 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 leaves, I have also
observed in a plant of Maregravia dulbia in my hothouse,
Root-climbers, as far as I have seen, namely, the Ivy
(Hedera heliz), Ficus repens, and F. barbatus, have no
power of movement, not even from the light to the dark,
As previously stated, the Hoya carnosa (Asclepiadacea,
is a spiral twiner, and likewise adheres by rootlets
even to a flat wall The tendril-bearing Bignonia
Tyeedyana emits roots, which curve half round and
adhere to thin sticks. The Tecoma radicans (Big-
noniaceze), which is closely allied to many spontane-
ously revolving species, climbs by rootlets; never-
theless, its young shoots apparently move about more
than can be accounted for by the varying action of
the light.

I have not ¢l
can give one curious
a wall just like Ivy;

osely observed many root-climbers, but
fact. Ficus repens climbs up
and when the young rootlets
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are made to press lightly on slips of glass, they emit
after about a week’s interval, as I observed several
times, minute drops of clear fluid, not in the least
milky like that exuded from a wound. This fluid
is slightly viscid, but cannot be drawn out into
threads. It has the remarkable property of not soon
drying; adrop, about 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 a drawer during hot and dry weather, and if the
flnid had been water, it would certainly have dried
in a few minutes; but it remained fluid, closely
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 glass

for about ten days or a fortnight, and the arops of

secreted fluid were now rather larger, and so viscid
that they could be drawn out into threads. Some
other rootlets were left in contact during twenty-three
days, 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 a cement. When the
rootlets were torn from the glass, atoms of yellowish
matter were left on it, which were partly dissolved
by a drop of bisulphide of carbon ; and this extremely
volatile fluid was rendered very much less volatile b'y
what it had dissolved.

As the bisulphide of carbon has a strong power
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of softening indurated caoutchoue, I soaked in 1t
during a short time several rootlets of a plant which
had grown up a plaistered wall; and I then found
many extremely thin threads of transparent, not viseid,
excessively elastic matter, precisely like caontchoue,
attached to two sets of rootlets on the same branch.
These threads procceded from the bark of the rootlet
at one end, and at the other end were firmly attached
to particles of silex or mortar from the wall. There
could be no mistake in this observation, as I playéd
with the threads for a long time under the microscope,
drawing them out with my dissecting-needles and
letting them spring back again. Yet: I looked re-
peatedly at other rootlets similarly treated, and could
never again discover these elastic threads. I there-
fore infer that the branch in question mustthave been
slightly moved from the wall at some critical period,
whilst the secretion was in the act of drying, through
the absorption of its watery parts. The genus Ficus
abounds with caoutchouc, and we may conclude from
{he facts just given that this substance, at first Jn
solution and ultimately modified into an unelastic
cement,® 1s used by the Ficus repens to cement its
to any surface which it ascends. Whether

rootlets
which climb by their rootlets, emit

other plants,
any ce

* Mr. Spiller has recently shown
(Chemical Society, Feb, 16, 1863),
in a paper on the oxidation of
indiu-rubber or caotitchoue, that
this pubstunce, when expused in

ment I do not know;

but the rootlets of the
o fine state of division to the air,
giadually becomes converted into
Drittle, resinous matter, very similaz
to sheli-lac.
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Ivy, placed against glass, barely adhered to it, yet
secreted a little yellowish matter. I may add, that the
rootlets of the Maregravia dubia can adhere firmly to
smooth painted wood.

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

* Fritz Miller informs me
that he saw in the fos:sts of
South Brazil numerous black
strings, from some lines to nearly
an ivch in dismeter, winding
spirally round the truoks of gi-
gontic trees. At first sight he
thought that they were the stems
of twining plants which were thus
ascending the trees; buthe after-
wards found that they were the

aérinl roots of a Philodendror
which grew on the branches above
Theee roots therefore seem to be
true twiners, though they use
their powers to descend, instend of
to ascend like twining plants,
The aérinl roots of some other
epecics  of Philodendron hinug
vertically downwards, Sometimes
f:r a leugth of more than fifty feet,
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Coneluding Remarks on Climbing Plants.

Plants become climbers, in order, as it may be
presumed, to reach the light, and to expose a large
surface of their leaves to its action and to that of the
free air. This is effected by climbers with wonderfully
little expenditure of organized matter, in comparison
with trees, which have to support a load of heavy
branches by a massive trunk. Hence, no doubt, it
arises that there are so many climbing plants in all
quarters of the world, belonging fo 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
or trunks of trees; when, however, they elimb trunks
they are compelled to keep much in the shade;
they cannot pass from branch to branch and thus cover
the'who]e summit of a tree, for their rootlets require
long-continued and close contact with a steady surface
in order to adhere. The two great classes of twiners
and of plants with sensitive organs, namely, leaf-
climbers and tendril-bearers taken together, far exceed
in number and in the perfection of their mechanism the
climbers of the two first classes. Those which hf’“’
the power of spontaneously revu'lvmg and of grasping
objects with which they come 1D contact, easily pass
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from branch to branch, and securely ramble over &
wide, sun-lit surface.

Thedivisions containing twining plants, leaf-climbers,
and tendril-bearers graduate to a certain extent into
one another, and nearly all have the same remarkable
power of spontancously revolving. Does this grada-
tion, it may be asked, indicate that plants belonging
to one subdivision have actually passed during the
lapse of ages, or can pass, from one state to the other?
Has, for instance, any tendril-bearing plant assumed
its present structure without having previously existed
a5 a leaf-climber or a twiner? If we consider leaf-
climbers alone; the idea that they were primordially
twiners is forcibly suggested. The internodes of
all, without exception, revolye in exactly the same
nanner as twiners ; some few can still twine well, and
many others in an imperfect manner. Several leaf-
climbing penera are closely allied to other gemera
which are simple twiners, It should also be observed,
that the possession of leaves with sensitive petioles,
and with the fonsequent 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 inte contact with a support:
although no doubt o scrambling plant would be apt,
as Professor J aeger has remarked, to rest on other plants
by its leaves, On the other hand, revolving inter-
nodes, without any other aid, suffice to give the power
of climbing; so thyt 1t scems probable that leaf-

I most cases at first twiners, and subse-
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quently became capable of grasping a support ; and this,
as we shall presently see, is a great additional advantage.
From analogous reasoms, it is probable that all
tendril-bearers were primordially twiners, that is, are
the descendants of plants having this power and habit.
Yor the internodes of the majority reyolye; and, in &
few species, the flexible stem still retains the capacity
of spirally twining round an upright stick. Tendril-
bearers have undergone much more modification than
leaf-climbers; hence it is not surprising that their
supposod primordial habits of revolving and twining
lave been more frequently lost or modified than in
the case of leaf-climbers. The three great tendril-
bearing families in which this loss has oceurred in the
most marked manner, are the Cucurbitaces, Passi-
floraces, and Vitace. In the first, the internodes
revolve; but I’have heard of no twining form, with
the exception (according to Palm, p. 29. 52) of Momor-
dica balsamina, and this is only an imperfect twiner.
In the two other families I can hear of no twiners;
and the internodes rarely have the power of revolying,
this power being confined to the tendrils. The inter-
nodes, however, of Passiflora gracilis have the power
ina perfcct manner, and those of the common YVine in
an imperfect degree: S0 that at least a trace of the
supposed primordlu.l habit has .beon .retmned by some
members of all the larger tendril-bearing groups.

On tho view here given, it may be asked, Why bave

the species which were aboriginally twiners been con-
verted in so many groups into leaf-climbers or tendril-
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bearexs? 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 il
fitted for twining. Any one who will look during
windy weather at twining plants will see that they are
easily blown from their support; not so with tendril-
bearers or leaf-climbers, for they quickly and firmly
grasp their support by a much more efficient kind of
movement. In those plants which still twine, but at
the same time possess tendrils or sensitive petioles, as

some species of Bignonia, Clematis, and Tropmolum, °

it can readily be observed how incomparably better
they grasp an upright stick than do simple twiners,
Tendrils, from possessing this power of grasping
an object, can be made long and_thin; so that
little organic matter is expended in their develop-
ment, and yet they sweep a wide circle in search
of a support. Wendril-bearers can, from their first
growth, ascend along the outer branches of any neigh-
bouring bush, and they are thus always fully exposed
to the light; twiners, on the contrary, are best fitted
to ascend bare stems, and generally have to start in
the shade. Within tall ang dense tropical forests,
twining plants would probably succeed better than
most kinds of tendril-bearers; but the majority of
twiners, at least in our temperate regions, from the
nature of their revolving movement, cannot ascend
thick trunks, whereas this can be affected by tendril-
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bearers if the trunks are branched .or bear twigs, and
by some species if the bark is rugged.

The advantage gained by climbing is to reach the
light and free air with as 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 feet in height, and it was
three feet in length : the stem of a pea, on the other
hand, 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, I infer from the species
that still twine but are aided by clasping petioles or
tendrils, generally making more open spires than
those made by simple twiners. Moreover, the plants
thus aided, after taking one or two turns in one direc-
tion, generally ascend for a space straight, and then
reverse the direction of their spire. By this means
they ascend to a considerably greater height, with the
same length of stem, than would otherwise have been
possible; and they do this with safety, as they secure
themselves at intervals by their clasping petioles or
tendrils. :

We have seen that tendrils consist of various organs
in a modified state, namely, leaves, flower-peduncles,
branches, and perhaps stipules. With respect to
leaves, the evidence of their modification is ample.
In young plants of Bignonia the lower leaves often

remain quits unchanged, whilst the upper ones have
o
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their terminal leaflets converted into perfect tendrils ;
in Eecremocarpus I have seen a single lateral branch
of a tendril replaced by a perfect leaflet; in Vicia
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 eontent simply
to ascertain the homoldgical nature of different kinds
of tendrils; he will wish to learn, as far as is possible,
by what actual steps leaves, flower-peduncles, &c., have
had their funetions wholly changed, and haye come to
serve merely as prehensile organs.

In the whole group of leaf-climbers abundant
evidence 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 spontaneously
revolve ; and their petioles, after clasping a support
grow thicker and stronger. We thus sce that leaves

may acquire all the leading and characteristic qualities

of tendrils, namely, sensitiveness, spontaneous move-

ment, and subsequently increased strength. If their
blades or laminwm were to abort, they would form true
tendrils. And of this process of abortion we can follow
every step, until no trace of the original nature of
the tendril is left, In Mutisia clematis, the tendril, in
shape and colour, closely resembles the petiole of one
of the ordinary leaves, together with the midribs of the
leaflets, but vestiges of the lamin are still occasionally
retained. In four genera of the Fumariacem we can
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follow the whole process of transformation. The termi-
nal leaflets of the leaf-climbing Fumaria officinalis are
not smaller than the other leaflets; those of the leaf-
climbing Adlumia eirrhosa are greatly reduced; these
of Corydalis claviculata (a plant which may md:ﬁerentlv
be called a leaf-climber or a tendnl-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. If. therefore, we
could behold at the same time all the progenitors of
Du’entra, we should almost certainly see a series like
that now exhibited by the above-named three genera.
In Tropazolum tricolorum we have another kind of
passage ; for the leaves which are first formed on the
young stems are entirely destitute of laminw, and
must be called tendrils, whilst the later formed leaves
have well-developed lamine. In all cases the acquire-
ment of sensitiveness by the mid-ribs of the leaves
appears to stand in some close relation with the abor-
tion of their laminw or blades.

On the view here given, leaf-climbers were primor-
dially twiners, and tendril-bearers (when formed of
modified leaves) were primordially leaf-climbers. The
latter, 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, Cocculus, and
Gloriosa, have within the same family and even within

the same genus, relatives which are twiners. In the
02
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their terminal leaflets converted into perfect tendrils ;
in Eccremocarpus 1 have seen a single lateral branch
of a tendril 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 ascertain the homological nature of different kinds
of tendrils; he will wish to learn, as far as is possible,
by what actual steps leaves, flower-peduncles, &e., have
had their functions wholly changed, and have come to
serve merely as prehensile organs.

In the whole group of leaf-climbers abundant
evidence 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 spontaneously
revolve ; and their petioles, after clasping a support
grow thicker and stronger. We thus see that leaves
may acquire all the leading and characteristic qualities
of tendrils, namely, sensitiveness, spontaneous move-
ment, and subsequently increased strength. If their
blades or lamine were to abort, they would form true
tendrils. And of this process of abortion we can follow
every step, until no trace of the original nature of
the tendril is left. In Mutisia clematis, the tendril, in
shape and colour, closely resembles the petiole of one
of the ordinary leaves, together with the midribs of the
leaflets, but vestiges of the lamin are still occasionally
retained. In four genera of the Fumariaceze we can
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follow the whole process of transformation. The termi-
nal leaflets of the leaf-climbing Fumaria officinialis are
not smaller than the other leaflets; those of the leaf-
climbing Adlumia eirrhosa are greatly reduced; those
of Corydalis elavieulata (a 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. If; therefore, we
could behold at the same time all the progenitors of
Dicentra, 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
passage ; for the leaves which are first formed on the
young stems are entirely destitute of laminm, and
must be called tendrils, whilst the later formed leaves
have well-developed laming. In all cases the acquire-
ment of sensitiveness by the mid-ribs of the leaves
appears to stand in some close relation with the abor-
tion of their laminw or blades.

On the view here given, leaf-climbers were primor-
dially twiners, and tendril-bearers (when formed of
modified leaves) were primordially leaf-climbers. The
latter, 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 Antirrhinew, of Solanum, Cocculus, and
Gloriosa, have within the same family and even within

the same genus, relatives which are twiners. In the
02
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genus Mikania, there are leaf-climbing and twining

species.  The leaf-climbing species of Clematis are
very closely allied to the tendril-bearing Naravelia.
The Fumariaces include closely allied genera which are
leaf-climbers and tendril-bearers, Lastly, a species of
Bignonia is at the same time both a leaf-climber and
a tendril-bearer; and other closely allied species are
twiners.

Tendrils of another kind consist of modified flower-
peduncles. In this case we 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 a
flower-peduncle covered with flowers, yet furnished with
a branch, forming the flower-tendril. When the latter
itself bears a few flowers, as we know sometimes is
the case, and still retains the power of clasping a
support, we see an early condition of all those tendrils

which have been formed by the modification of flower-
peduncles,

According to Mohl and others,
of modified branches: I haye not observed any such
cases, and know nothing of their transitional states,
but these have been fully described by Fritz Miller.
The genus Lophospermum also shows us how such a
transition is possible; for jts bra
revolve and are sensitive to contact. Hence, if the
leaves on some of the branches of the Lophospermum
were to abort, these branches would be converted
into true tendrils. Nor is there anything improbable

some tendrils consist

nches spontaneously -

|
|
|
’.
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in certain branches alone being thus modified, whilst
others remained unaltered; for we have seen with cer-
tain varieties of Phaseolus, that some of the branches
are thin, flexible, and twine, whilst other branches
on the same plant are stiff and have no such power.
If we inquire how a petjole, a branch or flower-
peduncle first became sensitive to a touch, and
acquired the power of bending towards the touched
éide, we get no certain answer. Nevertheless an ob-
gervation by Hofmeister® well deserves attention,
namely, that the shoots and leaves of all plants, whilst
young, move after being shaken. Kerner also finds, as
we have seen, that the flower-peduncles of a large
number of plants, if shaken or gently rubbed bend to
this side. And it is young petioles and tendrils,
whatever their homological nature may be, which
move on being touched. It thus appears that climbing
plants have utilized and perfected a widely distributed
and incipient capacity, which capacity, as far as we
can see, is of no service to ordinary plants. If we
further inguire how the stems, petioles, tendrils, and
flower-peduncles of climbing plants first acquired
their power of spontaneously revolving, or, to speak
more accurately, of successively bending to all points
of the compass, We are again silenced, or at most can
only remark that the power of moving, both spon-
taneously and {from various stimulants, is far mora

* Quoted by Cohn, in his  handl. der Schlesischen Gesell,
remarkable memoir, “ Contractile 1861, Heft i, 5. 35,

Gewebe im Pilanzenreiche,” * Ab-



198 CONCLUDING REMARES. Cnar. V.

common with plants, than is generally supposed to be
the case by those who have not attended to the subject.
I have given one remarkable instance, namely that of
the Maurandia semperflorens, the young flower-peduncles
of which spontaneously revolyve in very small ecircles,
and bend when gently xubbed to the touched side ;
vet this plant certainly does not profit by these two
feebly developed powers. A rigorous examination of
other young plants would probably show slight spon-
taneous movements in their stems, petioles or pe-
duncles, as well as sensitiveness to a touch.* Wae see
at least that the Maurandia might, by a little aug-
mentation of the powers which it already possesses,
come first to grasp a support by its flower-peduncles,
and then, by the abortion of some of its flowers (as with
Vitis or Cardiospermum), acquire perfect tendrils,
There is one other interesting point which deserves
notice. We have seen that some tendrils owe their
origin to modified leaves, and others to modified flower-
peduncles ; so that some are foliar and others axial
in their nature. It might therefore have been expected
that they would have presented some difference in
function. This is not the case. On the contrary, they

* Such slight spontancouy
movements, I now find, have been
for some time known to oeccur,
for instance with the flower-stems
of Brassica napus and with the
leaves of mavy plants: Sachg
‘ Text-Book of Botany' 1875, p.
766, 785, Fritz Miiller also has

shown inrelation toour present sub-
jeet (* Jenaischen Zeitsohrift,” Bd,
V. Hoft 2, p. 133) that the stems,
whilst young, of an Alisma mnd
of a Linum are continually
performing slight movements to
all points of the cumpuss, like
those of climbing plants,
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present the most complete identity in their several
characteristic powers. Tendrils of both kinds sponta-
neously revolve at about the same rate. Both, when
touched, bend quickly to the touched side, and after-
wards recover 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
attracted or repelled by the light. The latter property
is seen in the foliar tendrils of Bignonia capreolata
and in the axial tendrils of Ampelopsis. The tips
of the tendrils in these two plants become, after con-
tact, enlarged into discs, which are at first adhesive
by the secretion of some cement. Tendrils of both
kinds, soon after grasping a support, contract spirally ;
they then increase greatly in thickness and strength.
When we add to these several points of identity the
fact that the petiole of Solanum jasminoides, after
it has clasped a support, assumes one of the most
characteristic features of the axis, namely, a closed ring
of woody vessels, we can hardly avoid asking, whether
the difference between foliar and axial organs can be
of so 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

+ Mr. Horbert Spencer has  much force that there is no fun-
recently argued (¢ Principles of  damental distinetion between the
Bmltg\".' 13’(’;5' p. 37 et soq.) 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-
lies, which in their native country never twine, but
reassume this habit when cultivated in England, we
have a case in point. In the leaf-climbing Clemadis
Jlammula, and in the tendril-bearing Vine, we see no
loss in the power of climbin g, but only a remnant of the
revolving 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 Bignoniacem,
we see a last and doubtful trace of the power of
revolving.

With respect to the abortion of tendrils, certain
cultivated varieties of Cucurbita Pepo have, according
to Naudin,* either quite lost these organs or bear
semi-monstrous representatives of them,
limited experience, I have met with onl
parent instance of their natural su
in the common bean. All the other species of Vieia,
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, a small pointed filament
projects, about a third of an inch in length, and which
is probably the rudiment of g tendril.  This may be
the more safely inferred, as in young and unhealthy
gpecimens of other tendril-bearing plants similarrudi-
ments may occasionally be observed, In the bean

—_—
* Anoales des Sc. Nat, 4th 8eries,

In my
Y one ap-
ppression, namely,

Bot, tom, vi, 1836, p. 31,
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these filaments are variable in shape, as is so fre-
quently the case with rudimentary organs; they are
either cylindrica.l, or foliaceous, or are deeply furrowed
on the upper surface. They have not retained any
vestige of the power of revolving. 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 excrete a sweet fluid ; so
that these rudiments haye 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
qute unlike those of all common papilionaceous
plants, and resemble those of a grass. In another
species, L aphaca, the tendril, which is not highly
developed (for it is unbranched, and has no spon-
taneous revolving-power), replaces the leayes, the
Jatter 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
we should have the exact counterpart
and its curious leaves are at once
ble to us.
, as serving to sum up the foregoing
of tendril-bearing plants, that L,
lescended from a plant which was

longer wanted,
of L. nissolia,
rendered intelligi
It may be nddeq
views on the ongit
massolia 18 probably
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primordially a twiner ; this then became a leaf-climber,
the leaves being afterwards converted by degrees into
tendrils, with the stipules greatly increased in size
through the law of compensation.* After a time the
tendrils lost their branches and became simple; they
then lost their revolving-power (in which state they
would have resembled the tendrils of the existing
L. aphaca), and afterwards losing their prehensile
power and becoming foliaceous would no longer be
thus designated. In 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,
Wwe may conclude 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
climbing plants is the various kinds of movement
which they display in manifest relation to their wants.
The most different organs—stems, branches, flower-
peduncles, petioles, mid-ribs of the leaf and leaflets,
and apparently aérial roots—al] possess this power.

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

¥ Moquin-Tondon (Elémenta de  {his nature was suddenly effected ;
Tératologie, 1841, p. 136) gives  for the leaves completely dig.
the ease of & monstrous bean, in fppearad and the stipules grew 1o
which o case of compensatior, of an enormd us 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,
prepare for action by temporarily curving themselves
downwards, so as to serve as grapnels.

Secondly, if a twining plant or a tendril gets by
any accident into an inclined position, it soon bends
upwards, though secluded from the light. The guid-
ing stimulus no doubt is the attraction of gravity, as
Andrew Knight showed to be the case with germinat-
ing plants. Ifa 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
gencmlly with the twining shoots of the Hibbertia
dentata, which climbs laterally from bush to bush; for
these shoots, if placed in a position inclined downwards,
show little and sometimes no tendency to curve up-

* wards.

Thirdly, climbing plants, like other plants, bend
towards t:he light by a movement closely analogous to
the incurvation which causes them to revolve, so that
their revolving movementis often accelerated or retarded
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intravelling to or from the light. On the other
nand, 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 suffices. If the pressure be not permanent, the
part in question straightens itself and is again ready
to bend on being touched.

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

With respect to the means by which these varions
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 applics
to the rapid movements from a delicate tonch,
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Finally, climbing plants are sufficiently numerous to
form a conspicuous feature .in the vegetable kingdoni,
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, Eccremocarpus, Cobaa, and Ampe-
lopsis. But even in the thickets of our temperate
regions the number of climbing species and individuals
is considerable, as will be found by counting them.
They belong to many and widely different orders, To
yrain some rude idea of their distribution in the vegetable *
series, I marked, from the lists given by Mohl and Palm
(adding a few myself, and a competent botanist, no
doubt, could have added many more), all those families
in Lindley’s ¢Vegetable Kingdom’ which include
twiners, leaf-climbers, or tendril-bearers. Lindley
divides Phanerogamic plants into fifty-nine Alliances ;
of these, no less than thirty-five include climbing plants
of the above kinds, kook and root-climbers being ex-
ciuded. To these a few Cryptogamic plants must be
added. When we reflect on the wide separation of these
plauts in the series, and when we know that in some of
the largest, well-defined orders, such as the Composite,
Rubiace®, Scrophulariacew, Liliacem, &ec., species in
only two or three genera have the power of climbing,
the conclusion is forced on our minds that the capacity of
revolying, on which most climbers depend, is inherent,
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though undeveloped, in almost every plant in the
vegetable kingdom.

It 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
occurrence, as they are affixed to the ground, and food
is brought to them by the air and rain. We see
how high in the scale of organization a plant may
rise, when we look at one of the more perfect tendril-
bearers, It first places its tendrils ready for action,
as a polypus places its tentacula. If the tendril be
displaced, it is acted on by the force of gravity and
rights itself. It is acted on by the light, and bends
towards or from it, or disregards it, whichever may be
most advantageous. During several days the tendrils
or infernodes, or both, spontaneously revolve with a
steady motion. The tendril strikes some object, and
quickly curls round and firmly grasps it. In the
course of some hours it contracts into a spire, dragging
up the stem, and forming an excellent spring. 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.

—— T T
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Dublin, 1575, 245, Aberdeen, 1855, 245, Edmbargh, 1802, 24z

Sheflield, 1579, 245, | Birmingbam, 1885, 245, | Notringham, 1563, 24z
Swansea, 1889, 24s. Manchestar, 1887, 245, Oxford, 1504, 242,
York, 1831, 24r. | Bath, 1888, v4s, Ipswich, 1585, 244,
Soutbampton, 1852, 245, | Newcastle, 1850, 241,

BROCKLEHURST (T. U.). Mexico To-day: A Country with a

Groat Future, Plates and Woodcuts. Mediom Sve, 21s.

BRODRICK (Miss). Outlines of Egyptian History : Based on the

Work of Mariette Ber. Trarslated and Edited by Mainy BRoDRICK.
A new and Revised Edition. With Maps, Crown 8vo, B5a,
BROOKE (Sir Vreron). A Memoir. Rdited by 0. Lesum
Syrrues, Portraits and [ustrations, Crown Svo, 1%,
BROWNE (Bismor Ep. Hanouv): A Memoir. By the Very Rev,
G. W. Krrcurs, Dean of Dusham, With Portraits. Svo., 185,
BRUGSCH (Pmoressor). A History of Egypt under the

Pharaohs, Derlved entirely from Monuments, A New and thoroughly
Revised Edition. Edited by M. Broonics, Maps. 1 Vol, Svo. 182,

BUCKINGHAM AND CHANDOS (Duenessor). Glimpses of
Foar Coatinents, Latters written during a tour in *Austmlia, New
Zoalaud and Norch Amesicn in 1803, Crowrd 8vo. 8 net, "

BUCKLAND (Deax). Life and Correspoadence. By his -
daughbtor, Mrs, Gorpos, Crown 8vo, 12y,

BUNBURY (Sin E. H.), A History of Anclent Geography, among
the Grecks and Romans, Maps. 2 Vols, Svo, 21a

BURBIDGE (F. W.). The Gardens of the Sun: or A Naturalist's
Joarnal iu Borneoand the Sulu Archipelago, llinsteations, Cr. 8vo, 145,

BURGHERSH’S (Lapy) LETTERS from Germany and France
during the Campaign of 181314, Edited Ly Ler daugliter, Lapy
Rose Wrioave, Portraits, Crown8vo., 6s.

BURGON (Drax). A Biography, By E. Meyaier Govisoss,
DD, Portraits. 2 Vols, Svo. 24s.

The Revision Revised. 8vo. 14s.

Lives of Twelve Good Men. Martin J. Routh,

H. J. Rose, Chas. Marriott, Edward Hawkins, Baml. Wilberforce

K. L. Cotton, Richard Grosswell, H. 0. Coxe, H. L. Mansel, Wm,

Jacnbson, O. P, Bden, C. L, Higgins, New Edition, Wich Portralts.
1 Vol 8vo. 10«

BUTLER (Saxvey, D.D.), Headmaster of Shrewsbury School, and

afterwards Dishop of Lichfield (1790—1840). Life, by Lis Grandso
SawveL Burnes, With Portralts, 2 Vols, 8vo, 9 y b

BUTTMANN'S LEXILOGUS; a Critical Examination of the

Meaning of numerous Greek Words, chiefly in Homer and H
y Rev. J. R. FlsuLaxe, Bvo, 1%s. of oiod,

B
BUXTON (Cuaruws). Memoirs of Sir Thomas Fowell Buxton,
Bart., Portrait, 8vo. 16s. Popular Edition, Feap. Bvo, Ba.

Notez of Thought, With a Bidgraphical Notice,

Second Edition. Post8vo. Bs.

(Syosey C.). A Handbook to the Political Questions

of the Day ; with the Arguments on Either Side. 8vo. 104, 84,
Finance and Politics. 1783-1885. 2 Vols, 2gs

Handbook to the Death Duties. Post §vo, 8y, 6d,

|
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BYRON'S (Lorp) LIFE AND WORKS :—

Porrioan axp Prose Womrgs, Kdited by the Farl of Lova-
LACE. 12 Vols, Crown Sva,

Lirw, Lerzess, axp Joursats, By Toosmas Moorm. One
Volume, Portrafts. Royal Svo. s 81

Lire anp Porrioar Works, Popular Edition, Portraita,
2 Vols. Roayal 8vo, 1bs,

Porricar Works. Library Edition. Portrait. 8 Vols, 8vo. 45s.

Poerican Wongs. Popular Edition, Plates. Royal 8vo. 7. 8d.

Pogrioan Worgs. Pearl Edition. 2s.6d. Cloth, 3s. 6d.

Porricat Works., Pocket Ed. 8 Vols. 16mo. In a case, 21s.
cr separarely, viz.,

Comoe Haronp, 16mo. 25 84, Vignettes, 16mo, 1la
Portrait, 16mo. 6. Tares anp Porus. 16mo. 2s. 8l
Misoertankovs, 2 Vols. lomo. &y, Dramas awp ‘Pravs,
2 Vols, 16mo. 6s. Dox Juan asp Beero. 2 Vol
16mo. B

CAILLARD (E. M.). BElectricity. A Sketch for General Readers.

With Illustrations, Crown Svo, 7s 6d,

The Invisible Powers of Nature, Some
Elementary Lessonys in Physical Science for Beginners, Post Svo, 67,
Progre:sive Revela ion, or through Nature to
God. Crown Svo, 6 .

* QALDECOTT (Airsey). English Colonization and Empire,

Co'ourad Maps and Plans. Crown Svo, 8a, 8d. (Univ. Extension Series.
CAMPBELL (Lorp), Autobivgraphy, Journals and Correspon-
dence, By Mra, Hardcastle, Portrait., 2 Vola, Svo. 80a,

Lord Chancellors and Keepers of the- Great

fealof Bogland, From the Earliest Times to the Daath of Lord Eldon

in 1838, 10 Vols. Crowp 8vo. fs. énch.

Chief Justices of England. From the Norman

Canquest to the Death of Lord Tenterden, 4 Vols, Crown 8vo. Bs. each.

(Tmos.) Esstay on English Poetry. With Short
Lives of the British Poets. Post Bvo. 3 Af,

e (Rev. Lewis, M.A,, LL D). Sophocles. The Seven
Plays in Engl'sh Verse. New Fdition, rovised. Crown 8vo. 104 €d.

CAREY (Life of), [See Groxee Sirn.]

CARNARVON (Logp). [Sce Home sud Colonizl [ ibrary.]

Fourth Barl ot). Promethens Bound, trauslat
inty English Verse, Crown Svo. 43,

——  Tne Deenre of the Fmpire. A Select on from
Lotters and Speaches, Edited by Licat,-Col. 8ir G, Syorxian CLANKE,
R.E. With Mep, Crewntve, Je,

CARNEGIE (Rev. W. H.). Sowe Principles of Reli iru3 Educa-
tton,  Four addressed in Wi rcester Cathedeal, Crown Sio. P, 04,

CAVALCASELLES WORKS, [See Crown.] ,

COECIL (Eveuys). Primogenit re. A shert history of its

dcvelr{mut and practicsl eflect, 8Svo. 10s od.

—_—

OHARLES (Mrs Koxrre). Oar Seven Homra Autobiographieal
Reminlseences. Ilinstrutions,  Crown Sva. 74 Bd.

CHILD-CHA PLIN(Dr.). Benedicite; or, Song of the Three Chilc’lre: ;
heing [ustrarions of tha Power, B-uedca‘nca and Des'gn mani‘ested
by the Creator in his Works.  Post 8vo. “s.

CHISHOLM (Mra), Perils of the Polar Seas; True Stcjvie! of
Aretie Diseovery and Adventure, [llustrations, Post8vo, os,
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CHURTON (Arcmpeacoxr). Poetical Remains, Post 8vo, 7Ts. 6.
CLARKE (Lrgvr.-Con, Sin G. Sroesmam), RE. Fortification;

Tts Past Achievemerts, Racent Deve'opment, and Future Frogress.
With Mlus‘rations, Medinm Syo, 21a

The Navy and the Natlon, With Mapa. Evo.
CLARENCE (H.R.H. 785 1At Duxe or). A Memoir written

with the sanction of H.R.IL, the Prince of Wales. By Jaues Enwanp
Vixerst., With Portraits and Illustrations, Crown Svo, Qr,

CLASSIC PREACHERS OF THE ENGLISH CHURCH.
Lectures delivered at Bt. James'. 2 Vola. Post Evo, Tas, 6d. each.

CLEVELAND (Dronrss or). The Battle Abbey Roll. With
some acconot of (the Norman Lincages. 3 Vols, Sm. 4to, 48s,
CLODE (C.M.). Military Forces of the Crown ; their Administra-

tim and Government. 2 Vols. 8vo. 2is. ench,
Administration of Justice under Military and Martial
Law, asapplicable to the Army, Navy, and Auxiliary Forces. Svo, 125,
COLERIDGE (SaxoeL Tavron), and the English Romantic School,
By Pror, Braxpr. With Portrait, Crown Svo. 1%,
Table-Talk. Portrait. 12mo. 3s. 6d,
COLES (Joux) Summer Travelling in Iceland. With a Chapter
on Askjn by E. D. Moncax, Map an2 Ninstrations. 18s,
COLONIAL LIBRARY. [See Home and Colonial Library.]

COOK (Canon F, C,). The Revised Version of the Three First

ospels, consfdered in its Bearings ppon the Record of Our Lord'
Words and Ineidents in His Life, Svo, 9s

The Origing of Language and Religion. 8vo. 13s.

COOKE (W. H.). History and Antiquities of the County of

Heareford, Vol. 11L Tn continustion of Duneumb's History. 4to,
£212s Fd,

——— Additions to Duncumb’s History, Vol. IT, 4to, 15e.
The Hundred of Grimaworth, Part I, 17s. 64, Pt. 11,
4to,

45s.
COOKERY (Mopsry Doxrsrio). Adapted for Private Families,
By & Lady, Woodeuts. Feap. 8vo, &s. %

CRIPPS (Wrirren)., Old Fin glish Plate : Feelesiastical, Decorative,
and Doncstle, its Makers and Marks, Fifth Edition. Revised and

¢nlarged.  With 192 Hnstrations and 25% facs| !
e 5 acsimile Plate Marks.

"e® Tables of the Date Letters aud Marks sold separately, &g

Oid French Flate: Its Mukers and Marks. A New and

Revized E<ition. With Tables of Makory' Marks, in addition to th
Plate Marks. 8Svo. 10s, 64, = d o the

CROKER (Rr. How. J. W.). Correspondence and Journals,
Edited by the Ia‘e Lovts J. Jexxixas, Portrait, 8 Vols. Svo, &8,

Boswell's Life of Johnson, [See Boswery.]
CROWE awxn CAVALCASELLE., Life and Times of Titiap
with scme acount of hils Famlly, Ilostrations, 2 Vols. 8vo, 214, v
Raphael ; His Life and Works, 2 Vola, 8vo, 383s,

(Stn Joserr A) Remivi irty-Fi
ASm Joszrn emiriscences of Thirty-Five
of my Life. With PLm/s. 8vo, 16, 2 Téen
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CUMMING (R. Gornox). Five Years of a Hunter’s Life in the
Far Interior of South Africa. Woedeuts, Post vos 6a.

CUNNINGHAM (Proz.W.), D.D. The Use and Abuse of Money.
Crown 8vo. 22 (University Extenslou Serles,)

CURTIUS’ (Pro¥essor) Student's Greek Grammar, for the Upper
Forms, Edited by Sig Wy, 8witn. Post Svo, 6s,

Elucidations of the above Grammar. Translated by

EvzLyx Ansor, Post Svo. 7s. 6d. :

Smaller Greek Grammar for the Middle and Lower
Forms. Abridged from the larger work  12mo. 8¢ 6d.

Accidence of the Greek Language. Extracted from

the above work. 12mo. 2s. 64,

Principles of Greek Etymology. Translated by A. S,
Witziys and E. B, ExaLaxp, New Edition, 2 Vols. Bvo. 28s,
The Greek Verb, its Structure and Development,

Translated by A. S, WiLkixs, and E. B. EXGLAxD. Svo, 125

CURZON (How. Ronerz). Visits to the Monasteries of the Levant,
Iusteations, Post Svo, 7s. 6d,

CUST (Gewenar). Warrlors of the 17th Century— Civil Wars of
;’rvt'\nlm and England. 2 Vols 16z Commanders of Fleets and Armies.

ols, 1Bs.
———  Annals of the Wars—18th & 19th Century,
With Maps. 9 Vols, Post 8vo, bBas. each.

OYCLIST'3 ROAD-BOOK, from Lond'n through Chichester,
Portemonth, Southampton to the New Forest, and back by Romsey,
Winchestor, Dorking, Leatherhoad, nnd Epsom, With s ioad Atlas
at tho and of the beok, Feap. Svo, 22,

DARWIN'S (Cmasigs) Life aud Letters, with an autobiographical

. Chapter. Edi‘od by his Son, Fraxcis Darwix, F.R.8. Poriraits,

8 Vols. 8vo. 34s
Or p- pular Editien, condineed in 1 Vi L, crown Svn,  Ts 84,

An Dlustrated Edition of the Voyage of a

o

N

k.

Naturallst Kound the World in .M. 8, Beagle, With Views of Places
Viaited and Descddbed. By R. T, Purcaerr, 100 Illustrations,
Medigm 8vo. 211,

JournAL oF A NATURALIST DURING A VOVAGE ROUND THE
Wontn., Fopular Edition. With Portrait. 3s 84,

Ourery ov Srecres by Meaxss or Naroray Seeeorion, Library
Edition. 2vola. 12z ; or popular Edition, 8e.

Dyscexr oF Max, Awp Sereoriox 15 Rsuarios vo Sex,
Woodeuts. Library Ed. 2 vols, 15s.; or popular Ed. 7a. Gd,

Variariox or Axivars AxD PrLants oxpes DoMESTICATION,
Woodents, 2 Vols. 15a

Exrrpssioxs oF THE Exotrons 1x Max axp Axmvarns. With
Ilustrations. 12,

Vanrovs Coxraivaxess py wmicm Onrceins Ake Ferriuizep
oy Issecrs. Woodeuts. 7e, €4,

Moveueyzs ANp Hasirs op Crinsivg Praxra. Woodeats, 6s.

InsEorivorovs Prawrs. Woodenrs, 85

Cross AXD SELF-FErTILIZATION IN THE VReETABLE Kixsnox. O

DirverenT Forxs oF Frowess ox Prasss or THE saws
Sreores.  Ta Bd,

Powsr or Movexest 1y Praxts.  Woodeuats,

T Tas Foruarion of Veserante MovLp THROUGE THE ACTION oF

Worus, [lustrations. Post Sve, &y,

Fipavy (S81x Howenny), Consolations in Travel; or, Last Days

of & Phiflosopher. Woodeuts. Feap.8vo, 8s €d,

N NP . W e
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DAVY (Siz Hourrry). Salmonia; or, Days of Fly Fishing.
Woodents? Feap. 8vo, 3e, 6d.

DE COSSON (Masor E. A.). The Cradle of the Blue Nile; a
Journey through Abyssinia and Soudan. 2 Vels. Post8vo, 21a

Daye and Nights of Service with Sir Gerald Grabam's
Field Force at Suakim, Planand [lostrations, CrownSvo, 14s,

DE CRESPIGNY (Rose). [See Nuw Forgst.] :

DENNIS (Gronor). The Cities and Cemeteries of FEtiruria,
20 Plans and 200 IMustrations, 2 Vols, Medium Sva, 215,

———— (Roperz). Industrial Ireland, Suggestions for a Prac-~

fical Polioy of ** Ireland for tho Irish.” Crown Svo, 6s.
DERBY (Earu op). lliad of Homer rendered into English
Blank Verse, With Porrrait, 2 Vols. Poat &vo. 104 <

DE ROS (Georerawa Lany). A Sketch of the Life of: With
some Reminiscences of her Family and Friends, ir clnding the Duke-of
Wellington, by her Davghtor, the Hon, Mra. Swixtox, With Iortrait
and Mustrations, Crown 8vo, s, B4,
DICEY (Pwor. A. V.. Why Eogland Maintains the Union.
Fexp. 8vo. 1s

A Leap in the Dark., Crown 8vo, 3s. 6d.

——— (Eowarp). A Peasant State. An Account of Bulgaria

o, in 1594, Svo. 12s

DOLLINGER (Dr.). Studies in European History, being Acade-
mical Addresses. Translated by Manoiner Wanne, Portrait, Svo. 14,

Addreszes on Historical and Liferary Subjects, trans-
Inted by Manoaxer Wanse, Svo. 14s

DRINKWATER (Jomw). Hiatory of the Siege of Gibraltar,
1778-1988, With a Deseription of that Garrison, Post Bvo. 2,

DU CHAILLU (Paun B.). Laud of the Miduight Sun; Illus-
trations, 2 Vola. Sve, 386,

The Viking Age. The Early History, Manners,

and Costoms of the Ancestors of the Epglish-speaking Nations, Wub

1,300 Iinstrations, 2 Vols, Svo, 424,

Equatorial Africa and Ashango Land. Adven-

tures in the Grear Forest of Equa‘orial Afriea, and t] ¢ Country of the

Dwards, Popular Edition. With Illustrations. Post Svo, 7s, 6d.

Ivar the Viking, A Romantic History based on

autheatic faets of 111 and IV, Centinies. Crown Evo. €s.

DUFF (Rr. Hox. Sir M. E. Graxt, G.C.SI). Notes from a

Diary, 2 Vils, CrownSve. 18

DUFFERIN (Louv). Letters from High Latitudes; a Yacht Voy-

age to Tealand. Wondouta, Crown Svo, 7a. 6d,

Speeches in India, 1884—8, 8vo. 93,

(Lapy)., Our Vieeregal Life in Indis, 1884—1888,

Portrait. Crown Svo. 75 €d. Also 2 Vols., large crown 8vo, 21a.

My Canadian Journal, 1872—78. Extracts from

Home Letters writ'en while Lid. Dufferin was Gov..Gen, Portralts, Map,

and Ilustrations. Crown &vo. 125,

(Lavy, Countess of Gifford). Songs, Poems
and Versea, Edited by her son, the Manquess oF DUFFEILX AND
Ava, Third Edition. Crown Svo, 124

o (Liap¥, Countess of Gifford). The Songs, ret t.?
Music by herself nud others, Companion volume to the above. Word,
and Music, Crown 8vo, 8,

DUNCAN (Cov). English in 8pain; or, The Story of the Wi
of Succession, 1834-16840, 8vo, l1ds

DUNMORE (Losp). The Pamira: a Narrative of s Year
Expedition on Borseback throngh Kashmir, Westesn Tibet, Chipes
Tartary, &e. With Maps and Mlustrations, 2 Vols, Crown Svo. 24

—_————
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DURKR (Ausent); his Life and Work. By Ds. Tnavsiva.
Edited by F, A. Eavox. Illustrations, 2 Vols, Medium Svo, 425,
EARLE (Professor Jous). The Pealter of 1539: A Lendmark
of English Literature. Comprising the Text, in Black Letter Type.
With Nates, Svo. 18s,
ASTbAhb (Lapy). The Journals and Correspondence. Edited
v C. Easreaxy Ssirii, 2vwols, Crown Svo, 21
EILEDN'S JOURNEY. A Fairy Tale for Children and Young
Readers, DBy Euxpsr Anruur Jeir,  llusteations.  8vo. 10 Gdy
ELLIOT (Mgs. Misro). The Diary of an Idle Woman in Congtan-
tinople.  With Plan and Illustrations, Crown Svo, 14s,
Romen Gessip. New Cheaper Edition. Ciown 8vo, 6s,
ELLIS (Roeprxsoxs). Poema and Fragments of Catullus. 16mo. bs.
ELPHINSTONE (How. M.). History of India—the Hindoo and
Mahommedan Perioda. Edited by Puorzsson Cowsryn. Map. Svo, 18e,
Rise of the British Power in the East. A
Continustion of his History of India. Maps. Swvo, 165
_ Life of. [See Counmon.}}
ELWIN (Rev, Wanwicr). The Minister of Baptism, A History of
Church Op'rion from the time of the Apastles, 8Sve, 19,
ELWORIHY (F. T.. The Evil Eye. An Account «f this
Auchnt fuperstiton, With Mustrutions, Svo. 2]z,
ETON LATIN GRAMMAR. For use in the Upper Forms.
By F. H, Rawrixs, M. A, and W. R. Ixar, M.A. Crown§vo. 6n
ELI‘.MEN’I‘ARY ‘LATIN GRAMMAR. For use in
the Lower Forms, Complled by A, C. Amxaer. M.A,, and H. G.
WixTLx. MA. Crown 8vo, 84, fl,

FREPARATORY ETON GRAMMAR, Abridged
from the above Work. By the ssme Editors. Crown 8Srvo, 21
——— FIRST LATIN EXERCISE BOOK, adapted to the

Elementary -nd Preparatory Grammard, By the same Editos,

Crown Bva,
FUURTH FDRM OVID. Seclections from Ovid and
Tibulltie. With Notes by H. G Wisvi< FostBvo, 21 6d,
HORACE. The Odes, Epodes, and Carmen Swmculare.
With Notes. By F. W, Corxtan, M.A. Maps. Crown Bvo, s,
EXERCISES IN ALCEBRA, by BE. P. Rousg, M.A., and
ArTnenr Cocksrunt, M A, Crown Svo. 8z
ARITHMETIC, By Rev.T, Davrox, M.A. Crown 8vo, 3.
FERGUSSON (Jaxes). History of Architecture in all Countries

from the Esrliest Times. A Now and thoroughly Revised Edition

With 1,700 [iastrations. 6 Vals, Medinm Swo,

Yols, I. & II. Anclent and Medieval, 2 Vols. 63: New Edition,
Edited by Puesg Srixns,

11 Irdian & Eastern,  31s. 64, 1V, Modern, 2Vols, 3ls, 6,
FITZMAURICE (Lonp B.). [Sce Prrrv.]

FITZPATRICK (Witrrax J.). The Correspondence of Daniel
O'Connell, the Liberator. With Portrait, 2 Vols, §vo, 36s,
FLEMING (Profzsson). Student’s Manual of Moral Philosophy,

With Quotations nnd References, Post Svo. 7. 8d.
FLOWER GARDEN. By Riv. Thos. Jauza. Feap. 8vo. la:

FORD (Jsaserza O.). Miss Blake of Monkshalton, A Novel.

Crown Svo, &g

FORD (Ricmann). Gatherings from Spain. Post 8vo. 84, 6d.
FORSYTH (Wizuian). Hortensius; an Historical Essay on the

Office and Duties of an Advocate, Ilustrations. Svo, 72 6d.
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FRANKLIN (Str Jomr), Admiral, K C.H., &c. The Life. By
H. D. Teame.  Maps and Portraits, 8vo, 182,

FREAM (W.), LL.D. Elemen's of Agriculture; a text-book pre-

ed under the authority of the Rogal Agricultural Society of England,
olarged Edition, With 256 Illustrations. Crown Svo. 83, 6d.

FRENCH (Brsmor T. Varry). Li%and Correspondence, By the
Rev. Henxert Birks, M.A. With Maps, Portrait, &o, 2 vols, Svo, 30e,

FRERE (S1& Barvix), Bart., G.C.B. Life and Corresponderce,

by JorN MArviNkAv. 2 Vols Svo. 82,

FRERE (Mary)., Old Decean Days, or Hindoo Fairy Legends

eurreént in Southern Indin, with Introduetion by Sir Bawrre Frunz,
With INustrations, Post Svo, 5s.

GALTON (F.). Art of Travel ; or, Hints on the Shifts and Con-
- trivances available in Wild Countries, Woodecuts. Post 8vo, 7s. €4,

GARDNER (Pror. Pener). New Chapters in Greek History.

Historieal retults of rec nt excavations in Gresce and Asin Minor
With lustra‘ions. £vo. 15w,

GEDDES (Pror, P.). Oatlines of Modern Butany, With Ilus-
trations, (Univ, Extension Series,) s, d.

GEOGRAPHICAL SOCIETY'S JOURNAL. (1846 to 1881.)
SUPPLEMENTARY PAPERSR. Royal Sva.
Vol I, Part i. Travels and Researches in Westarn Ohina. By E.
Corsonxe BapEr. Maps, Sa
Part ii.—1. Recent Geography of Central Asia; from Russian
Sources. By E, DEuMak Monaas, 2. Progress of Dis.
covery on the Coasts of New Gulnea. By C. B. Manxmaag,
Bibliographical Appendix, by K. C, Rye, Maps, ba,
Part fii.—1, RoEon on Part of *he Ghilzi Country. &¢. By

Lisut. J. 8. Broaoroor. 2. Journey from Shiraz to Jasnk,
By J. R, Pazrce. 2+ ¢d,

Part i’:— —Geograplical Edvcation, By J, 8. Kevrie, 25 64,
Vol II., Part i.—1, Exjlo-ation in 8. and 8. W. China. By A, R,
Corqumovy. 2, Bibllography and Cartography “of His.
Bmluh. Bg H. Lixo Rori, ~ 3. Explorations in Zanzibar
amin‘on: by Lieut, C, STrwart Ssrrn, KN, 2e. (4,
Part {l.—A Bitlisgraphy of Algeris, from the Expodition of
Charles V. in 1541 t0 1887, By Fin R. L. PLayram, 42
Part {if.—1. On tLe Mensurement of Heights by the Barometor.
By Jonx BAry, F.R.2.2, River Fatrances, By H, Ropent MiLy,
8, Mr. Neeiham's Journey in €outl Eastorn Tibet, 25, 6d.
Part iv.—1. The Bib'iography of the Barbary States. Part i,
Dy Si& R. L. Pravran, 2. Hudson's Bay and Strait. By
Commedore A. H, Mangnaw, RN, 8a,
Vo'. TIT,, Part i.—Journoy of Carey and Dalglolsh in Chinese Turkestan
and Northern Tibet:; sud General Prejevalsky on the Oro-
graphy of Northern Pibet. 44,
Part ii,—Vaughan's Persia, &o. 45,
Part ill.—Playfiic's Bibliagraphy of Morceeo. 5s,
Part iv.—Milne's Jozo, &e
Part v.—Hogarth's Asia Minor,
Vol IV.—Ramsay’s Asia Minor. 18,

GEORGE (Erwzst). Loire and South of Fn;:ce; 20 Etchings,

Follo, 42n.

GIB.BON'S History of the Decline and Fall of the Roman Empire,
Edited with notes by Mitxax, Guizor, and £ W Suitg, Maps,
8 Vols. Svo. 60s Student's Edition. 75 8d. (See SrunesTe'.)

GIBBON (Enwarp). The Unpubliched W rksof Edward Gibhon,
including Sevin Autobiograplilas, Journsls, &o. With a Prfuce
by Lord SuErFIELD. § Vols, * $vo, 86x (Vol. 1 sold sepanutely, 125,
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GIFFARD (Epwanp). Deeds of Naval Daring; or, Anecdotes of
tho British Navy. Feap,8vo. 34, 84

GILBERT (Jostan), Landscape in Art: before the days of Clande
and Salvator. With 160 Illpstrations. Mediom 8vo, 20s.

GILL (Caer.). The River of Golden Sand. A Journey through
China to Burmab. Edited by E. C. Bansn. Post8ve. Tz Gd.

GLADSTONE (W. E.). Gleanings of Past Years, 1843-78.
7 Vols. Small Svo, 2s. 84. each,
— Lat r Gleanings: Tacological ard Feclesiastical.
Small Svo. 3s &d.
Special Aspects of the Irish Question; A Series of
Reflections in and since 1856, Crown 8ro, &, €d.
The Odes of Horace and Carmen Seeulare. Crown
§vo. G5, Cheap Editim, 18mo. 8¢ 6d. Also large paper, 215 el
The Psalter, acc rding to the Prayer- Book
Verston, with a Concordince. 15mo. Morocco, fis. Roan, 85 614
Also New Popular Edition, 1a, net,
GLEIG (G. R.). Campaigns of the British Army at Washington
and New Orleans. Post8vo. 21,
Story of the Battle of Waterloo. Post 8vo. 8s. 6d.
———— Narrative of Sale’s Brigade in Affghanistan. Post 8vo. 2s.

— Life of Lord Clive. Post 8vo. 3s. 6d.

—_————  Sir Thomas Munro. Post 8vo. 3s.6d.

GOLDSMITH’S (Orrven) Works. Edited with Notes by Persa
Cuxxixomav. Vignettes. ¢ Vols, Svo. 20s

GOODWIN (Bismor Harvey). Life of. By Caxox H. D.

Rawsstey, With Portraits, 8vo, 16s,

The Foundations ¢f the Creed.

Svo, 15
GORE, Rey, Cuanuzs (Edited by). Lux Mundi. A Series of
Studles o the Meligion of tle Inearsa'lon. By various Writers.
Popular Edition, Crown Svo, 6+,
— The Bampton [ectures, 1891 ; The Incarna-
tion of the Son of God. &vo. 7s, €d.
The Mission of the Church. Four Lectures
delivered in the Cathedral Church of 8t. Asaph, Crown 8vo. 2« 64,
Dissertatioas on Subj2cts conuected with
the Incarnation. Svo, T Gd.
Ths ¥ermon rn the M unt. A Practical
Explanation. Crown 8vo.” 3a. 6d,
(F. Sz. J.) Lights and Shades of Indian Hill Life. With
numercnus lustrations, Maps, &c, Bvo, 81, Gl
GO33E (Epxusp), The Jacobean Poets. Crowa 8vo. 3s 6d.
(University Extension Series),
GOULBURN (Dzax). Threc Coungels of the Divine Master for
the conduct of Spiritual Life, Crown 8vo. 8s. (See also Brnaos.)
GRANT (A. J.). Greece io the Age of Pericles. Crown 8vo.
(University Extenslon Serles) 2s Gd.
Herodotns, The Text of Canon Raw inson's
Translation, With the Notes abridged. 2 Vols. Crown §vo.
GRANVILLE (Cnas). [See Sarruiee Rixe.]
GREECE (Hiszory of). [See Grore—Suirn—SrupENTs'.]
GREGORY (Sm W), Aa Autobingraphy, Edited by Lapy
Orroory. With Portrait. 8vo, 10«
J, W.). The Greas Rift Valley. A Journey to
Barivgo and Mount Kenya. With Maps and lustrotions, Svo. 21s,
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GROTE'S (Gronss) WORKS .—
Hisronr or Gremor. From the Earliest Times to the
Death of Alexander the Great. New Edition, Portralt, Map, and
Plans, 10 Vols. Post8vo. Ba. ench, (The Volunes may be had Separately.)
PraTo, and other Companions of Socrates, 3 Vols. 8vo. 4bs, ;
or, New Editlon, Edited by ALex. Bux, § Vols, Crown 8vo. 5s, each,
Mixor Works, Portrait. 8vo, 14s,
(M=rs.), A Sketch. By Lany Easrraxs, Crown 8vo. 6s,
GRUNDY (G. B.) The Topography of the Baitla of Platea,
With Maps and Planz. Srvo, 7a €d.

GUILLEMARD (F. H.), M.D. The Voyage of the Marchesa to

Kamschatkn and New Guinen, With Maps and 150 Illnstrations,
Med. 8vo, 21a

HALL'S (T. D.) School Manual of English Grammar, With
Iitustrations and Practical Exercises, 12mo, 3, 8d,
Primary English Grammar for Elementary Schools,
With namerous Exercises, and graduated Parsing Lessons, 18mo. 1g,
Manual of English Composition, With Copious Illustra.
tions and Practical Exercises, 12mo0, 32 Ad,
———= Child's First Latin Book, comprising a full Practice of
Nouns, Pronouns, and Adjectives, with the Verbs, 16mo, 23,
Introduction to the Study of the Greek Testament, com-
prising o connected Narritive of onr Lord's Life from the Srnoptie

Gospels (n the original Greek, with concise 7 mmar, notes, &o, ith
" facsimiles of texts. Crown Bvo, 75, ¢,

Translation at Sight, or Aids to Facility in the Translz.
tion of Latin, Crown Svo, 25

HALLAM'S (Hesnr) WORKS :—
Tae Coxstirorionar History or Bxornaxo. Library Edition,

3 Vols, 8vo, 30s. Calinet &dition, 3 Vols., Post svo, 13a, Stutent's
Edition, Post 8vo, Ts, 6d.

History ov Evrore buamne THE Mmoie Aees.  (abinet
Edtition, 3 Vola, Postfvo, 12 Student'y Edition, Post 8vo, Tn, 64
Lrrrrany Hisrory or Europs DUKING THR 157H, 1687H, AND

17T CxxTUnIRS, Library Edition, 3 Vols. Svo, 3f2, Cabinet Edition,
4 Vols. Post &vo, 161,

HART'S ARMY LIST, (Published Quarterly and Annually.)
HAY (Sir Jous Druasroxn). A Memoir, With Preface Ly Gexu,

St Fras ve Wisrox, K.C.M.0, Pertrait and Ninstentions, Svo, 16s,

HAYWARD (A.), Sketches of Eminent Stutesmen and Writers,
2 Vols. Rvo, 28s,

The Art of Dining. Post 8vo. ‘.’.-l

A Selection from his Corre-pondence, By H. E,
Camirsie. 2 vols, Crown Svo, 25,

HEABANE THE WITNESS, A Poem by an anonymons wri‘er,
Royal Svo. 104, ad, v

HEAD'S (S1n Fraxers) WORKS :—
Tar Rovarn Excryesr. [Mustrations, 8vo. 125,
Rarip Jourweys aorogs ray Pauras. Post 8vo, 2s.
SrokERs AxD Pokers; or, the L, und N. W, R. Post 8vo. 2,
HEBER'S (Bisuor) Journals in India. 2 Vols, Post 8vo. 7s,
Poetical Worka. Portrait, Feap, 8vo, 8s. 6d.
Life of. [See Surrm, Dr. Groney,)
ERODOTUS., A New English Version, Edited, with Notea

and Essays by Caxox Rawrivsox, Sis 11, Rawrixsox and Sind, @
Wirksxsox, Maps and Waodents 4 Viols, 8o, 48e.  Also New
Popular Edition. 2 vols.  Crown 8vo, 13v.
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FOREIGN HAND-BOOKS.

HAND-BOOK—TRAVEL-TALK. English, French, German, and
Italian. New and Revised Edition, 18mo.

HOLLAND AND BELGIUM, Mapand Plans. 6.

NORTH GERMANY and THE RHINE, —
Tho Black Forest, the Hartz, Thiringerwald, Saxon Switzerland,
Rlgen, the Giant Mountains, Taunus, E)denrlld. Elsass, and Lothe
riogen. Map aud Plans, Post 8vo, 104,

SOUTH GERMANY AND AUSTRIA,—Wurtem-
berg, Bavaria, Austria, Tyrol, Styria, Salzburg, the Dolomites, Huogary,
and the Danube, from Ulm to the Black Sea, Maps and Plans. Post
8vo, Two Parts, Partl,, 75 €d. PartII, Gs,

—— SWITZERLAND, Alps of Savoy. and Piedmont,
Efdited by W. A. B. CooLiooe, M,A. In Two Parts. New Maps and
Plans. Post 8vo, Gs, each part,

FRANCE, Part I. Normandy, Brittany, French

Alps, the Loire, Seine, Garonne, Pyrenees, &c. Msps and Plaus. 7, 64,
— FRANCE, Part II, Central France, Auvergne, the

Cevennes, Burgundy, the Rhone and Ssone, Provence, Nimes, Arles,
Marseilles, the Fraoch Alps, Alsace, Lorrsiue, Champagae, &c. Muaps
and Plans. Post Bvo. 7s. 6d.
THE RIVIERA. From Marseilles to Pisa, and the
Routes thither. A new Editiw, thorouglly revised, and in a great
measure re-written on the spot. With numerous Maps engraved ex-
presily on o lange soale. 6 .

MEDITERRANEAN — its  Principal Islands,
Clties, Seapor.s, Harbonns, and Border Lands. For Teaveilers and
Yachtsmen, with nearly 50 Maps and Plans. Two Part«, PostSvo. 215,

ALGERIA AND TUNIS. Algiers, Constantine,
Oran, Tlemeen, Bougis, Tebesss, Biskra, the Atlas Range. Edited by
Sir it. LaMnesT Prayvate. Mapsand Plans. Post Svo, 10s, 0d.
SPAIN, Madrid, The Castiles, The Basque Provinces,
Loon, The Asturias, Galicia, Estremadura, Andalusia, -Ronda, Granada,
Mureia, Valencia, Catalonin, Aragon, Navarre, Tho Balearic Islands,
&c. &c¢, Mnps and Plans, Two Parts, Post Svo. 20s,
PORTUGAL, Lissox, Oporto, Cintra, Mafra,
Madeira, the Azores, Canary Island:, &e. Mapand Plan, 13s
NORTH ITALY, Torin, Milan, Cremons, the
Italian Lakes, Be o, Brescia, Verona, Mantus, Viconza, Padua,
Ferrara, Bologra, Raveana, Rimivi, Placenza, Genos, the Riviera,
Venice, Parma, Modenn, and Romagna. Maps and Plans, Post Svo, 10z,
CENTRAL ITALY, Florence, Lucea, Tuscany, The
Marshes, Umbria, &c. Maps and Plans. PostSvo., 6.

— ROME awp 178 Exvinows. Maps and Plans, New

and thoroughly Revised Edition. With Contributions from Sir H.
Layarl, &. 8. Mureay, D.D,, Prof, Lancisni, &¢.  10s.
SOUTH ITALY, including Naples and its Enyirons,

Pompell, Herculansum, Vesuvius, Briodisl, &e. Maps, Post Svo. s,
—————SICILY, Palermo, Messina, Syracuse, &, Maps,

Post 8§vo, 69,
NORWAY, Christiania, Bergen, Trondhjem. The
Flelds and Fjords, An entirely now Edition. Edited by Tros
Micurir, C.B. Maps and Plauns, Ts. 8.
SWEDEN, S8tockholm, Upsala, Gothenburg, the
Shores of the Baltic, &, Maps and Plar, Post Svo, 6,

—

.
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HAND-BOOK—DENMARK and ICELAND, Schleswig, Holstein,
Copenhagon, Jutland, Maps and Plass, New Edition, 7s. 8d.
RUSSIA, Sy. Perenssure, Mogcow, Poruawp, and
Frxrasy, Maps and Plans. New and Revised Editicn. Post Svo. 185,
GREECE, the lonian Islande, Athens, the Pelopon-
nesns, the Isiands of the Egean Ses, Albanis, Thesssly, Macedonia,
&c, Maph, Plaos, and Views., New Edition. 204
CONSTANTINOPLE, BROSA, axp rne TROAD.
Edited by Colonel Sir Cuastes Wisor, R.E, G.C.B. Numcrous
Maps and Plans, Post §vo, 7s, 6d.
EGYPT, The Course of the Nile through Egypt
and Nubis, Alexandris, ‘Cairo, Thebes, Suez Caval, the Pyramids
Sioal, the Pyoom, &, Maps and Plans. Post Bvo. 15s.
.HOLY LAND—SyrIA, Pangsting, Moar, Havraw,
Syrian Deserts, Jerusalem, Damageon; and Palmyra, Maps and
Plans, Post 8vo, 18s, >
——e———— BOMBA Y — Poonah, Beejapoor, Kolapoor, Goa,
Jubulpoor, Indore, Sumt, Baroda, Ahmedabad, Somnauth, Kurrachee,
&e, Map and Plans, Post Svo. 15s,
MADRAS—Trichinopoli, Madura, Tinnevelly,Tuti-
corin, Bangalore, Mysore, The Nilgiris, Wynaad, Ootacamund, Calicut,
Hyderabad, Ajnnta, Elura Caves, &c. Maps and Piaos, Post Svo, 16s,
BENGAL — Calcutta, Orissa, Britich Burmah,
Raogoon, Moulmein, Muandalay, Darjiling, Daces, Patna, Benares,
N.-W. Provinees, Allahabad, Cawnpore, Lucknow, Agra, Gwalior,
Naini Tal, Delhi, &c, Maps and Plens, Post 8vo,  20s,
THE PANJAB—Amiaoti, Indore, Ajmir, Jaypur,
Rohtak, Saharanpur, Ambala, Lodiana, Lahore, Kulu, Simla, Sialkot,
Pesbawar, Rawul Pindi, Attock, Karachi, Sibj, &¢. Maps. 15s.
INDIA AND CEYLON, including the Provinces
of Bengal, Bumbay, snd Malras (the Punjadb, Noith-wist Provinces
Rajputans, ihe Ceutral Provinces, Mysore, &c.), the Native Siates an
Assam, With 65 Maps and Plans of Towas snd Builldings. Post §vo, 20z,
—— JAPAN, Revised and for the most part Rewritten,
With 15 Maps, Post 8vo. 152 net.
NEW ZEALAND. An entirely new work. Edited
by F. W. Pxsxerataes, LL.D. With Mapsand Plans, Post Svo, 7e. 6d.
ASIA MINOR. An Eatirely New Work. Edited
by Maj.-Gen, Sir Cnarize Witsos, R.E, K,C.B, With Maps and
Plans, Post Bvo, 18s

ENGLISH HAND-BOOKS,

HAND-BOOK—ENGLAND AND WALES. An Alphabetical
Hand-Book. In One Volume. With Map, Post Svo. 12s
ENVIRONS OF LONDON within a circuit of 20
miles, 2 Vols. Crown 8vo. 21s.
ST, PAUL'S CATHEDRAL, 20 Woodeuts, 10z, 64,
EASTERN COUNTIES, Chelmsford, Harwich, Col-
chester, Cambridge, Ely, JTpswich, Felixstowe, Loweatoft, Norwich,
Yarmouth, Cromer, &c. Maps and Plans, Post 8vo. 12
CATHEDRALS of Oxford, Peterborough, Norwich,
Ely, and Lincoln, With 00 Illustrations. Crowp Sve. 21,
KENT, Canterbury, Dover, Ramsgate, Sheernees,
Rocheater, Chintham, Woolwich, Maps and Plans, Post 8vo, Ta, 8d,
SUSSEX, Brighton, Chichester, Worthing, Hastings,
Lewes, Arundel, &e. Maps und Plans, Post 8vo. 84,
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HAND-B00K—SURREY AND HANTS, Kingston, Croydon,
Reigate, Guildford, Dorking, Winchestor, Southampton, New Forest,
Porumonlh.’ Isee or WiGHT, &¢, Maps and Plans.

OXFORDSHIRE, Oxford with its Colleges, Henley,
Blenheim, the Thames, &, Maps and Plans. Post 8vo, 6s,

WILTS, DORSET, AND SOMERSET, Salisbury,
Chippenbam, Weymouth, Sherborne, Wells, Bath, Bristol, Tauntos,
&ec, Map. Post Svo, 12: ;

DEVON, Exeter, Ilfracombe, Linton, Sidmouth,
Dawlish, Teignmouth, Plymouth, Davonport, Torgquay, Maps and Plans,
Post8vo, 7a. 6d.

—w——— CORNWALL, Launceston, Penzance, Falmouth,
i)batlglur Land's End, &e. Troroughly Revisel Edition, Maps.

a8l VO, 3

CATHEDRALS of Winchester, Salisbury, Exeter,
Wells, Cuichester, Rochester, Canterbury, aod §t. Albans.  With 130
Illustrations. 2 Vols. Crown Svo. 38s. St. Albans separately, 6s.

WORCESTER awp HEREFORD, Leominster, Ross,
Malvern, Kidderminster, Dudley, Eveshawm, The Wye, && Map.
Post Bvo, Bs. .

CATHEDRALS of Bristol, Gloucester, Hereford,
Worcester, and Lichfield, With 50 Illustrations, Crown Svo. 16e.

NORTH WALES, Bangor, Carnarvon, Beaumaris,
Snowdon, Llanberis, Dolgelly, Conway, &e. Maps. Post Svo, 65,

_ SOUTH WALES, Monmouth, Llandaff, Merthyr,
Vale of Neath, Pembroke, Carmartben, Tenby, Swanses, The Wye, &e.
Map., Post Sve. Gs 5

CATHEDRALS OF BANGOR, ST. ASAPH,
Liaodafy, and St. David's, With Illustrations. Tost Svo. 10

NORTHAMPTONSHIRE AND - RUTLAND—
Northampton, Peterborough, Towcester, Daventry, Market Har-
borough, Kettering, Wellingborough, Thrapston, Stamford, Uppiog-
ham, Oakham, Maps. Poat vo. T7s. 6d.

DERBY, NOTTS, LEICESTER, STAFFORD,
Matloek, Bakewell, Chatsworth, The Peak, Buxton, Hurdwick, Dove Dale,
Ashborne, Southwell, Maosfield, Retford, Burton, Belvolr, Melton Mow
bray, Wolverhampton, Lichfield, Walsall, Tamworth. Map. Post 8vo. fs,

SHROPSHIRE axp CHESHIRE, S8hrewsbury, Lud-

low, Bridgunorth, Oswestry, Chester, Crewe, Alderley, Stockport,

Birk . Maps and Plans. Post 8vo. 65,

LANCASHIRE, Warrington, Bury, Manchester,

Liverpool, Burnley, Clitheroe, Balton, Bluckburne, Wigan, Preston, Roch.

dale, Lancaster, Southport, Blackpool, &e¢. Maps & Plans. Post Svo. 8a

THE ENGLISH LAKES, in Cumberland, West-

moreland, aud Lancashire; Lsncaster, Furness Abbey, Ambleside,

Kendal, Windermere, Coniston, Kenwlck, Grasmere, Ulswater,

Carlisle, Cockermouth, Penrith, Appleby, &e. Maps Post Svo, Os

YORKSHIRE, Doncaster, Hull, Selby, Beverley,
Scarborough, Whitby, Harvogate, Ripon, Leeds, Wakefield, Bradford,
Halifax, Hudderafleld, Sbullhm Map and Plans. Post 6vo, 12+,

——— QATHEDRALS of York, Ripon, Durham, Carlisle,
Chester, and Manchestor, With 60 Iilustrations, 2 Vols, Cr, 8vo. 21z,

DUKHAM asxp NORTHUMBERLAND, New-
castle, Darlington, Stockton, Hartlepool, Shields, Barwick-on-Tweed,
Morpeth, Tynemouth, Coldstream, Alowick, &o, Map. Post Svo, 10e,

LINCOLNSHIRE, Grantham, Lincoln, Stamfor

sleaford, Spaldiog, Galusborough, Grimsby, Boston, Maps and Plans.

Post 8vo. 72 6d,

HERTS, BEDS axp HUNTS,- M.ps aud Plans,
—_—  GLOUCESTERNSIIIRE, b5lapsand Plans. 6s.

—_—
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HAND-BOOE—SCOTLAND, Edinburgh, Meirose, Kelso,Glasgow,
Domfries, Ayr, Stirling, Arran, The Clyde, Oban, Inverary, Lech
mond, Loch Katrine and Trossachs, Caledonian Canal, Inverness,
Perth, l’)nndu, Aberdeen, Braemar, Skye, Caithness, Ross, Suther-
land, &e. Maps and Plans, Post §vo. 9a
IRELAND, Dublin, Belfast, the Giant's Cause-
way, Donegal, Galway, Wexford, Cork, Limerick, Waterford, Killar-
ney, Bantry, Glengariff, &e, Maps and Plans, Post 6vo. s,
HEBER (Bismor). [See Suirs, Da. Gzoror.]

HICESON (Dg. Sypxer J.), A Naturalist in North Celebes; a

Narrative of Travels in Minahnesa, the Sangir and Talaut Islands,
&e. Map and Illustrations, Svo. 16s,

HISLOP (Szermex). [See Smrrs, Groror.]

HODGSON (Bmiax). The Life by Stz Witrrax W. Husteg,
K.C.8.I. With Portraits. Svo, 14s.

HOGARTH (Davip G.)). A Wandering Scholar.
Edition. Crown Svo. 7s 6d.

Philip and Alexander of Macedon, Two Eseays in
Biography, With Map and Hlustrations. Svo. 14s,

HONEY BEE. By Rrv. Tmomas Jaxes. Fecap, 8vo. 1la

HOOK (Dear). Church Dictionary., A Manual of Reference for
Clergymen and Stodents. New Edition, thoroughly revised, Edited by
Warren Hoox, ML A, and W. R, W, Sternexs, M, A, Med. Svo, 122

(Treononk) Life. ByJ.G.Loosuanr, Feap. 8vo. 13 -

HORACE ; a New Edition of the Text, Edited by Duan Miumax,
‘With 100 Woodeuts, Crown 8vo. 7s. 84,

[See Erox.]

HOUGHTON'S (Loxp) Monographs, Portraits, 10s. 6d.

—-———— (Roperr Lomnp) Stray Verses, 1889-90. Second
Edition, feap. 8vo. Ba.

Second

HOME AND COLONIAL LIBRARY. A Series of Worke
adapted for all circles and elasses of Readers, having been selected
for their acknowledged intorest, and ability of the Authors, Post Bvo.
Published at 2s, and 3s. 6d. ench, and arrsnged under two distinetive
boads a8 follows i~

CLASS A,

HISTORY, BIOGRAPHY, AND HISTORIC TALES.
BIEGE OF GIBRALTAR, By THE WAYRIDE CROSS. By
JOHN DRINEWATER, 24, Carr. Minxax, 2,
THE AMBER-WITCH, By SKETCHES or GERMAN LIFE.
Lapy Durr Gorpox., 2. By Bin A, Gompoy, 3e. 6d.
LIFEor Sir FRANCIS DRAKE. THE BATTLE o¥ WATERLOO,
By Jorx Barsow, 2. | By Rev. G. R, Guito, 3s.6d.
CAMPAIGNS AT WASHING. | AUTOBIOGRAPHY OF STEF.
FENS.

e

THE FRENC ; THE BRITISH POETS. B
aglgx;mggm’gsars TEOMAS CAMFIELL, B9, 64, 5
Te.. J HISTORICAL ESSAYS. By
LIVONTAN TALES 2. Lono Minow, 8s. 6d.

LIFE OF CONDE. By Lokp MA-
How. Bs. 6d.

SALE'S BRIGADE. By Rxv,
G. R.Guere, 2s.

THE SIEGES OF VIENNA.
By Lorp ELLESMERY, 2.

LIFE OF LORD CLIVE. By
Rev, G. R. Guzig, B89, 64,

NORTH WESTERN RAJL.
WAY. ByBis F.B.H2AD, 9,

» LIFE OF MUNRO. By Rzv, G,

R, Gueo, 82 64,
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CLASS B.
VOYAGES, TRAVELS, AND ADVENTURES.

JOURNALS IN INDIA. By | HIGHLAND SFORTS. By

Brsnor Heper, 2 Vols. 7a. Cuances 57, Jouxs. 3s 6
TRAVELSixtne HOLYLAND, | | pAMPAS JOURNEYS. By

MOROCCO AND THE MOURS. L ER T e

). CCO AN MOO >
g Sl . GATUERINGS FROM SPAIN.

By J, Dnvsoxo Hav. 2 By Kicuanp Foap. 3. 6d

LETTERS FROM tug BALTIC. ?
By A Lavy, 2s g | THE RIVER AMAZON. By

NEW SOUTH WALES. By Muns, W. H, Epwaros. 2
Menemrie. 25 MANNERS & CUSTOMS OF
TLHb WEST INDIES. By M. G. INDIA. By Riv. C. Acraxo, 2,
RWIS, Yo AD N
SKETCHES OF PERSIA. By ‘n,-vé‘ JLR[fif‘,,”Jj‘&“CO
IR Joux Marooy, 3s. 6d,
> W > PORTUGAL: AND GALICIA.
MEMOIKS OF FATHER RIPA. J By Coan GARMARYGR. S0
MISSIONARY LIFE IN CAN- BUSH LIFE IN AUSTRALIA,
ADA. By Rev, J. Amnorr. 2n. | By Rev, H. W, HavaasTno. 28
LETTERS FROM MADRAS, By THE LIBYAN DESERT By
A Lapr, 2 | Bayre Sr. Jous. 25

*.* Each work may be had separately,

HOUTUM-SCHINDLER (Gex. A.) IHastern Persian Irak.
With Map, Sewed, 84, €d.; bounl, 5s,

HUME (The Student’s). [See Stopzst’s Maxvats,

HUTCHINSON (Gzxr.). Dog Breaking, with Odds and Ends for
those who love the Dog sod the Gun, With 40 Tllustrations, Crown
8vo, Te €d, *.* A Summary of the Rules for Gamekeopers, 1v,

————— (Honace). [See Nxw Fonxsr.]

HUTTON (H. B.).  Principia Greeca; an Introduction to the Study
of Groek, Sixth Edition. 12mo, 3s. 64

HYMNOLOGY, Dicrroxany or. [See JuLaw.]

ICELAND. [See CoLes—DuvPERIN.]

IMPERIAL INSTITCTE YEAR BOOK for 1895. Royal &vo,
104, net.

INDIA. [See Broaproor—Dusseris—Erramnstons—HAND-B00K
—Lyati—Swrp—Tearie—Moxies Witsiaxs, ]

JAMES (F. L.). The Wild Tribes of the Soudan : with an account
of the ronte from Wady Halfa to Dongola and Berber. With
Chapter on the Soudan, by S1mS, Bagen. Illusteations, Cr. Svo. 7e. 6d.

JAMESON (Mngs)., Lives of the Early Italian Painters—
and the Progress of l’a!mlng in Italy—~Cimabue to Bassano. With
50 Portraits, Post 8vo,

JANNARIS (Pror. A. N.). A Pocket Dictionary of the Modern
Greek and Fuglish Languages. Feap. Svo, 10s, 6id.

JAPAN. {See Biro—Hawpsocx,

JEKYLL (Joskrn). Correspondence with his Sister-in-Law, Lady
Gertrude Sloane Smnlcy, 1818 —1838, Edited by the Hon Ax.uzuox
Bovexe, Svo,

JELF (Enxgsr Amuun) [See Enzex’s Jounyey, ]

JENNINGS (L. J,). Field Paths and Green Lancs: or Walks in
Sarrey and Sussex. Popalar Edition, With Illustrations. Or,8vo, 62,

JESSE (Epwarp). Gleaningsin Natural History, Fep.8vo. 3s. 6d.

JOHNSON'S (Ds. Saxuzw) Life. [See Boswrri.]

JOURNAL of an English Spy in Pariz, from January to July 1704

By Raovr Hrsoiy. Feap, 8vo, &,

¢
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JOWETT (B.). The Epistles of St, Paul to the Thessalonfans,

Galatians and Romans. Edi‘ed and ccndersed by Lewis Camptell,
MA LLD. 2vis. Coown§vo. T, 6, Let, ench vol.
College Sermone, With some ghort cddrestes to Com-
municants, Crown 8vo, Ta, Gl
Lxrc by Evewss Apporr, LLD. and Rev, Lzwis
1, LL.D, Portinits acd Ilustrations, 2 Vols, Svo. 82«
JULIA‘( (sz Jouu J.),D.D. A Dictionary oIH,mnology Selting

forth the Origin and Histery of the Hymuy in the Principal Hymnals,
with Noticus of their Authors, &e., e, Mediom avo. 192,

KELNE (H. G), The Literature of France. 220 pp. Crown
Bvo, 3s, (University Extension Macusls,

KERR (Ropr.). The Consulting Architect: Practical Notes on
Administrative Difficulties. Crown 8vo, Os,

KIRKES' Handbook of Physiology., New and  thoroughly
revised Editicn. By Professot W, D, Harcisyurox, With over 600
Illustrations, Large Ceown 8vo. 14z,

KNIGHT (Pgor.), The Philosopby of the Beautiful. Two Parta,
Crown Sve, 84, 6. each. (Univirsity Extevslon Series,)

———— The Christian Ethic. Crown 8vo. 3. 6d.

KREHBIEL (H. E), How to Li:tcn to Muric, Il'ustrati ns,
Cromn Cvo. €5,

EUGLEKS HANDBOOK OF PAINTING.—The Italiau Schools,
A Now Edition, revised. By Sir Hexsy Lavazp, Wi 200 Illustra-

tions, @ volr, Crown Svo, i0s,

The German, Flemish, and
Dutch Stbnuls. New Edition revised, By SirJ. A, Cuows, With
60 Ilestrations, 2 Vols. Crown Svo, 24a.

LANDOR (A, H, Say AORP Aloze with the Hairy Aicu, or 3,800
Miles on & Pack Fadd'e in Yezo, aud o Crise to 1Le Kurile hl-ndv
With Map, and many Hlinstestior 5 by the Au her, Medium Svo, 18s,

LANE (K. W.)., Account of the Manners and Costome of Modern
Egyptinns, With INustrations, 2 Vols, Post Gvo, 12,

————  Caro Fifty Yeirs dgo, . d.ted by Srasier
Laxe-Poory, Crown Svo. s,

LAUD (Ancnmswor). Life and Times of. By Rev. C. IL
Sivrsissox. With Portrei',  Crown Svo,  10g, €4,

LAWLESS (Hows. Emivy). Major Lawrence, F,L.8.: a Novel
8 Vols, Crown 8vo. B8ls, 6d. Cheap Edition, 0e.

————— Plain Fraovces Mowbray, ete. Cruwn 8vo. 6s.

L= YARD (Sir A. H.). Nineveh snd its Remains, With Illustra-
tions. Post Svo, 7s.6d

Nineveh and Bnbylon. Ilusts, Post 8vo. 7a. 64,

Early Adventures in- Persia, Babylonia, and Susiana,

including r residence amovg the Bakhtiyari and other wild tribes,

Fortrair, Illustrations and Maps. 2 Vels, Crown Svo 215, New

Popular Edition. Crown §vo, Ts, lnl

LKATHES (Staniey). Practical Hebrew Grammar. With the

Hebrew Text of Genesis f—vi, and Psalms | —vl, Grammatical,
Analysis and Voeabulary, FostSvo, 7s. &,

LEBLXE(C.R) Handhook for Young Painters. [ost Svo. Te.6d.
LEVI (Llon) History of British Commerce; and Economic
Progress of the Nation, from 1763 to 1578, Svo, 18s,

LEWIS (T. Hurnn) The Holy Places of Jerusalem. Illustrations,
Svo. 102, 6d.

LEX SALICA; the Ten Texts with the Glosses and the Lex

Emendats, Synoptically edited by J. H, Hepexts, dto, 42y,

LIDDELL (Dean). Student’s History of Rome, from the earliest

Times to the establishment of the Empire, Woodcuts. Post Svo, 7a, 64,
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LILLY (W, 8.). The Great Enigma, Evo. 14s.

———— Four Humourists of the Nin:tcenth Century.

Dickens, Thackeray, George Eliot, Carlisle, 8vo. 104, 6d.

LIND (Jenxy), Tas Arrist, 1820—1551. Her early Art-life and
Dmmatic Career. From Original Documents, Lotters, Diavies, &c.,
in the possession of Mr, Gotpscumipr. By Canon H.Scorr Horuaxp,
M.A, and W, 8. Rocxsreo.  Popular Edition.  With Portruits
and [llustrations, Ciown Svo, fa

LINDSAY (Loro). Sketches of the History of Christian Art.
2 Vols, Crown Bvo. 2is

LISPINGS from LOW LATITUDES; or, the Journal of the Hon,
Impulsia Gushingon. Edited by Loso Durresis. With24 Plates. 4to 21s.

LIVINGSTONE (Dr). First Expedition to Africa, 1840-56.
Ilostrations. Cruwn 8vo. 7a 6d.

Second Kxpedition to Africa, 1858-64. [Illustra-
tlons. Crown Bvo, T7s. 6d.

Last Journals in Ceutral Africa, to his Death,
By Rev. Hopack Warses. Maps and Ilustreations. 2 Vols. Svo. 15¢,

Personnl Life. By Wm, G. Blaikie, D.D. With
Mup and Portrait, Crowa Svo. 8s.

LOCKHART (J. G.). Auncieur Spsoigh Ballads, Historical and
Romantic. Trunslated, with Notes. Illustrations. Crown Svo. ba.

Life of Theodore Hook. Fecap. 8vo, 1la.

LONDON : Past and Present; its History, Associationz, and
Traditions, By Hexsy B. WogATLEY, F.8.A  Based on Cunningham’s
Handbook. Library Edition, on Laid Paper 3 Vuls. Medium Svo, 37,32

LOUDON (Mas.). Gardening for Ladies. With Directions and
Calendar of Operations for Every Month. Woodeuts. Feap, 8vo, Js. 6.

LUBBOCK (Mrss) Some Poor Relie! Questions. With a Preface
by the Right Hon. Sir J. Lussock, Bart., M.P. Crown 8vo. s, 6d.

LUFFMANN (C.B.). A Vagabond in Spain. An Account of
& Journoy on Foot, Crown8vo. 6a

LUMHOINZ (Ds. C.). Among Cunnibals; An Account of Four
Years' Travels in Australia, and of Camp Life amoug the Aborigines
of Queensland,  With Maps and 120 Iliustrations, Medium Svo, 2ir,

LYALL (Sir Aurren (), K.C.B, A-siatic Studies; Religions and

Sccial, 8vo, 12«
The Rise of the British Dominion in
India. From the Early Days. f the East India Company. (University
Extension feries.) With colounnd Maps, Crown 8vo, 4a.0d. Also
Library Edition with ¢ nsiderable additious. Svo. 125 net,
LYELL (Six Craries), Stodent’s Blements of Geology. A new
Edition, entirvly revised by Prorzssox J. W, Juop, C.B., F.R.8. With
600 1'ustrations, [I'ost Svo, Qs
LYSONS (Sin Dasier), The Crino can War Tom first to last.
With Miustrutions aud Plan®, Crown Svo. 125,
Farly Remiuiscences. 1 lustratigns. Crowa 8vo. 9«

YoOLINTOCK (81 L.. Narrative of the Discovery of the
Fate of 3ir John Franklin and bls Companions o the Arctic Seas.
With lnstrations, Crown 8vo. Ts. 6d.

McKENDRIUK (Pror.) and Dr. Sxoporacs, The Physiology of the
Senses, With Illu trations, (Univ. Extenaion Series ) Ciown 8vo, 4s, 6d.

MACGREGOR (J.). Rob Roy on the Jordan, Nile, Red Sea, Gen-
nesaceth, &, A Canoe Cruise in Palesrine and Egypt and the Waters
of Damascur, With 70 Illustrations, Crown 8vo. 7s. 6d,

t12 Wx) British New Guinea: Country and

People, Map and [llustrations, 4y,

c?



20 LIST O¥ WOKKS

MACKAIL (J. W.). Latin Literature (University Extension

Series),  Crown Svo, 3s, 64, A
MACKAY (Tmoxas). The English Poor. A Sketch of their

Social and Econcmic History ; and an attempt to estimate the infii-

ence of private pooperty oncharactor and habit, Crown Svo, 72, 6.
A Flea for Liberty : an Argument against Socialism and
Socialistic Leglslation, Essays by various \Writers, Introduction by
HERBRET SPENCER, Third and Popular Edition, Post Svo. 25,

A Policy of Free Exchange. Essays by various Writers

on the Economical and Sceinl Aspects of Free Exchange and varions
matters. Svo. 121

Methods of Sorial Reform, or the true and falke
methods of dealing with the Social Condition of the Poor, Crown Svo,

Ts. Bd,

MACNAGHTEN (Cusster). Common Thoughts on Serious
Subjects. Addresses to the Eldor Stedents of Ruj Rumar Colloge, Katty-
war  Edited by Rosesy Wurretaw, Crown Svo. s,

MACPHERSON (Wx. Cuarzems), The Baronaye and the Senate,
orihe House of Lords in the Past, the Present, and the Future. 8ve, 164,

MADISON (Dororuy Payse). By Mavo Winpxs Goopwiw.
With Portrait. Crown 8vo, 54,

MAHON (Lozp). [See Srannore.]

MAINE (Sir H. Suxssr). A brief Momoir of his Life. By the
Right Hon. Sir M. E. GrasT Dury, G.C.5.1. With rome of his Indinn

Speeches and Minutes, Selfeted and Edited by Wurriey Sroxxs,
D.C.L. With Portrair. Bvo, 14,

Ancient Law: it Connection with the Early History

of Soclety, aud its Relation te Modern Ideas, Bvo. 8s.

Village Communities in the East and West. 8vo. 9,

Early History of Institutions. 8vo. 0a.

Dissertations on Early Law and Custom. 8vo. 9e.

Popular Government, 8vo. 7s. 6d.

———— Internati mal Law, 8vo. 7s. 6d.

MALLET (C. B.). The French Revolution. Crown 8vo. 38s, 6d.
(Uriv. Extension Serles.)

MARKHAM (Mgs). History of England. From the First Inva.
slon by the Romans, continued down to 1860, Woodcats, 12mo, 2s. 64,

History of Frauce. From the Conquest of Gaul by

Julius Cesar, continued down to 1878, Woodecuts, 12mo, 3y, 6d,

History of Germany, From its Invasion by Mariuva

to the completion of Colr grua Cathedral, Woodenta. 12mo.” 3s, 8d.

MARLBOROUGH COLLEGE. A History of, during Fifty

Years. By A, G. Baapuey, A, C. Ciavrxpys, and J, W, Biixxs,
With nimerous illustrations, Ciown 8vo, 7s, €1, pet.

MARSH (G. P.). Student's Manual of the English Language,
Edited with Additions, By D=, Wi Santu.  Post Svo. 7s. 6d,

MARTIN (Sia Tareovore). ~ Life of Lord Lyndhurst.  With
Portraits, Svo. 16s.

MARTINEAU (Jous), [See Famuy, Trassvass Troune,]

MAUREL'S Character, Actions, &e., of Wellington, s 6.

MELVILLE (Hznyans). Typee : or the Marquesas Islanders,
With Memoir, Maps and Mustrations, Crown Svo.  8s. d.

moo: Adventures in the South Seas, With Memoir,

7 M:u:o and Ilastrations,  Crown Sve, g5, 6.

MENZIES (Avzan). History of Religion, (University Extension
Series.) Crown Svo, 5«

MICHAEL ANGELO, Sculptor, Painter, and Architeet. His 1_fe
and Warks, By C, Hgaty Witsox. 1llustrations. Svo, 162,
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MILL (Dr. H. R). The Realm of Nature: An Outline of Physio-
gm&))xy. With 19 Colovred Mups and 68 Illustrations and Diagrams
(380 pp.). Crown 8vo. 5a (University Extension Manuals,)
MILLER (Wax.), A Dictionary of English Names of Plants
applied amoog English-speaking People to Plants, Trees, and Shruba.
Latin-English and Eoglish.Latin, Medium Svo, 124
MILMAN'S (Dzan) WORKS:—
History oF 7HE JEws, from the earllest Period down to Modern
Times, 8 Vols, Post Svo, 124,
Eanvy Cartstiaxiry, from the Birth of Christ to the Aboli
tion of Paganigm in the Roman Empire. 8 Vols. PostSvo, 124,
Larin  Crristiasirr, including that of the Popes to the
Poaotificate of Nicholss V. 8 Vols. Post Bvo. 34s,
Haxpeook 7o Sz. Pavr's Caraepran, Woodeuts, 104 6d.
Qurxrr Horarir Fracor Opera, Woodeuts. Sm, 8vo. 7s. 6d.,

Faur or Jerusarey, Feap. 8vo, 1la
(Bisuor, D.D.) Life. With a Selection from his
Correspond and J. \! By his Sister, Map. 8vo. 12s.
MILNE (Davio, M.A.). A Readable Dictionary of the English
Languags, Etymoligieally armoged, Crowh 8vo. 7a 6d.
MINTO (Wa.), Logie, Inductive and Deduerive. With Diagrams.
Crown Svo. 4s. 6d.  (University Extension Serles.)
MISS BLAKE OF MONKSHALTON. By Isapsuua Forn, A
New Novel. Crown Svo, & -

MIVART (81. Gronon). The Oat. An Introduction to the Study
of Backboned Animals, espocially Mammala, 200 Illus, Med, Svo. 80s.

MOORE (Troxmas). Life and Letters of Lord Byron. [See Brox.]

MORELLI (Grovaxxst). Italian Painters, Critical Studies of their
Works., Translated from the German by CoxsTaxor JoCELYX FYOULRES,
with an In‘roductory Notice by Sic Hexsr Lavanp, G.C.B. With

pumerous 1ilustra-iows, Svo.
Vol. 1,—The Borghese & Dorla Pamphili Galleries. 15z

Vol. I1.—The Gelieries of Munich and Dresden, 15+
MOSELEY (Pror. H. N.). Notes Ly a Naturalist during
the voyage of H.M.8, “Challenger " mand the World in the years
187276, A New and Cheaper Edit,, with s Memoir of the Author,
Portralt, Map, aad numarous Woodeuts. Crown Svo. @5

MOTLEY (Joms Lormror). The OCorrespondence of, With
Portrait. 2 Vols. 8vo, 80s

History of the United Netherlands: from the

Denth of William the Silent to the Twelve Years' Truce, 1608, Portraits,

4 Vols. Post Svo. 6a. each,

—— lLife and Death of Julu of Barneveld.
Tllostrations, 2 Vols. Post 8vo, 122,

MUIRHEAD (Jonx H.). The Elements of Ethies. Crowa 8vo. 3s.
(University Extension Reries.) & S

MUMMERY (A. F.) axp J. A, HOBSON. The Physiology of
[ndustry : Being an Exposure of certain Fallacles in existing Theories
of Polit Economy, Urown Bvo. fs A -

MUNTHE (Axzn), Letters from a Mourning City. Naples dur-
fng the Autumn of 1884 Translated by Mavosz Vatzsie WHITE
With & Frontispicee. Crown $vo, 04, ; 3

MURRAY (Jomx). A Publisher and his Friends: Memoir and
Carrespondence of the see nd John Murray, with an Acount of tha
Origin and Progress of the House, 1765—1543, By Sawver Swrues,
LD, With Porteaits, 2 Yols. Bvo. 82y,

(A. 8.), A History of Greek Sculpture from the

Parliest Times, With 150 Tilustrations. 2 Vols, Medium Svo, 36r
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MURRAY (A.8.). Handbook of Greek Archmology. Sculptore,
Vases, Brosizes, Gems, Terra-cotas, Architecture, Mural Paintings,
&c, Muny Hiustrations, Crowa Svo, 18s.

MURRAY'S MAGAZINE. Vols. I to X. 7Ye 6d. each,

NADAILLAC (Marquis pB\. Prehistoric Ameriea. Translated
by N. D'Axvens, With Dlustrations. Svo  16s.
NAPIER (Gexeran Siz Cuoanrizs) His Life, By the Hon,
Wi, Narres Bruce, Witk Portrait and Maps. Crown Svo, 125
-(Gexerav Sin Gxomex T.). Pugsages in his Early

Military Life written by himself. Edifed by his Son, GExeran Wa.
C. E. Nariex  With Portralt.  Crown Bva,  7e, 6d.

— (S1z W), English Battles and Sieges of the Peninsular
War, Portrait. Post8vo, bs.

NASMYTH (James). An Autobiography. Edited by Samuel
Smiles, LL.D,, with Portrait, and 70 Illustrations. Pust 8v9, 6, ; o1

Large Paper, 165, =
The Moon: Conzidered as a Planet, a World, and a
Satellite. With 24 Plate« and numerous Woodents, Medium Svo. 213,
NAVY AND THE NAT.ON, By Jiuss R Taursizeup, M.A.,
and Lieut.-Col. ¥1z Geoxcr Syprxnam Craske, R.E, Maps. Bvo,

14a.
NEWMAN (Mas). Begunin Jest. 8 vcls. Sls 6d,
NEW FOREST (THE). By Rse C. D& Cersriony snd HorAcs

G, Hrrearseor,  With Hlustrations, Crown 8ve. 7. 04,
NEW TESTAMENT. With Short Explanatory Commentary.
By Arcrioxacoy Cuuwrox, M.A,, aod the Bismor or 81, Daviv's,
With 110 authentic Views, &¢, 2 Vols. Crown Svo. 21, dound.
NEWTH (Saxver). First Book of Naturzl Philesophy ; an Intro®
duction to the Study of Staties, Dynpmics, Hydrostatics, Light, Heat,
and Bound, with nuwerdus Examples, Créwn 3vo, 8s, 6d.
——————— Elements of Mechanics, including Hydrostaties,
with numerous Examples. Crown Svo, &, 6d.
. Mathematical Examples. C own 8vo, 8-, 64,
NIMROD, On the Chace—Turf—and Road, With Portrait and
ates. CrownBvo, b  Or with Coloured Platos, 7r. 6d.

Pl

NORRIS (W. E). Marcia. A Novel. Crown 8vo, @s,

O’CONNELL (Dawiss), [Sce Frrzrateios.)

OWEN (Lizvz.-Cov). Principles and Practice of Modern Artillery,
With Nlustrations, Bvo, 15,

OWEN (Prorrssor). Life and Curre<pondence, Edited by his
Grandson Rev, R OwEN. Portmiits and 1lus ne, 2vols, Crown 8§vo, 24a

OXENHAM (Rev. W.). English Notes for Latin Elegiacs ; with
Prefatory Rules of Campoaltion in Elegiae Metre, 12mo. Yo G,

PAGET (Lono Grorgr). The Light Cayvalry Brigade in the
Crimen, Map, Crown 8voe. 10g 8d.

PALGRAVE (R. H, I). Local Taxstion of Great Britain and
Ireland. Svo. bs,

PALLISER (Mzs.). Mottoes for Monuments, or Epitaphs eelected
for General Use nnd Btedy., With Ilustrations, Crown Svo. T7s. 8d.

PARKER (C. 8, M.P. [Res Prsr.]

PARRY (T. Gismizs), The Ministry of Fine Art to the
Huppiness of Life, Revised Editlon, with an Index, Svo. 14s,

—— (Ma3.GaxprEg). The Combat with Suffering. Feap.8vo.8s.6d,

Day-Dreams ;. beivg Thoughts from th
& &
Notelwok of u Cripple. Crown :':or 78 0d, ¥
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PEEL'S (81 Rosrar) Memoirs. 2 Vols Post 8vo, 15s.
Life of : Barly years; as Secretary for Ireland, 1812-18,
and Secretary of Stats, 1822-27. Edited by Crranves StoART PARKes,
M.P. With Portrait. Svo, 134
PENN (Riomarp). Maxims and Hints for an Angler and Chess
player, Woodents, Feap.Svo. 1s.
PERCY (Jomn, M.D.). Msravroroy. Fuel, Wood, Peat, Coal,
Chareoal, Coke, Fire-Clays. Dlustrations. Svo. 30s,
Lead, including part of Silver. Iilustrations. 8vo. 30e
Silver and Gold, Part [ Illustrations, 8vo, 30s.
Iron and Sesel. A New and Revised Edition, with the
Author's Latest Correctivns, and brooght dowa to the present time,
By H. Bavsexax, F.G.S. [lustra‘ions. Bvo.
PERRY (J. Tavesor). The Chronology of Medieval Architee-
ture. A Date Book of Architec ural Art. Illus‘rations. Svo. 164
(Rev. Caxox).  History of the English Church, See
StupkxT's Manuals,
PETTY (St Winaay). Tuoe Life derived from Private Docu-
xsncnta.” By Lord EpnoND FITEMAUMCE With Maps and Portraits,
vo. 08,
PHILLIPS (Samuse). Literary Essays from “ The Times.” With
Portrait. 2 Vols, Feap.8vo. Te
PINCANEY (Fuza). By Hamsrorr Hosrv-Ravesen  With a
facslmile. Crown Svo.  be
PLEA FOR LIBERTY. Sece Mackav,
POLICY OF FREE EXCHANGE., S:e MacgAr. e
POLLOCK (C. E.). A Book of Family Prayers. Selected from
the Liturgy of the Church of Evgland, 16mo. 8e Bd.
POPES (Auzxaxpzr) Life and Works. With Introductions and
Notes, by J. W. Cnoxen, Rev. W. Euwiy, and W, J. COURTHOrE,
10 Vois, With Portraits. Svo, 10s. 64, each, o
PORTER (Rev.J. L.). Damascus, Palmyrs, and Lebanon, Map:
and Woodeuts, Post8vo. Ts, 6d, .
PRAYSR-BOOE (BrauTiFUuLLY ILrvsrraTen). With Notes, by
Rev. THos, Jauzsg. Medium Svo, 18s.clath,
PRITCHARD (Cuamizs, D.D.). Occasional Thoughts of an
Astrovomer on Natnre and Revelation, 8vo, Ta, 8d,
PROTHERO (Rowrasp B.). Lif: and Correspondence of Arthur
Penhiyn Staniey, Iata Dean of Westmioster, With Portraits and
I lustrations, 2 vols. Bve, 32
Letters and Verses of Anrauvs P. Sranizy, late Dean
of Westminster. Svo, 1fa
PSALMS OF DAVID. With Notes Explanatory and Critical by
Dean Johnson, Canon Elliott, and Cancn Cook. Medium Svo. 10z 6d.
PSALTAR OF 1539, [See Baniw (Professor Johu.)]
PULLEN (Rev. H. W.. Handvook of Roman Marbles.
Feap, Sy, 2
PUSS 1N BOOTS. With 12 Tustrations, By Orro SPRORTER,
16mo. 1s 62, Or coloured, 2s. 6d.
QUARTERLY REVIEW (Tux). B8vo. 6
RAE (EvwarD). Country of the Moors, A Journe; fr.m Tripo'i
to the Haly City of Kaitwan. Etchl1g8. Crown Gvo, 134,
.~ TheWhits Sea Peninsula. Crowa 8vo. 135s.
—— (Ggonos). The Country Banker; His Clients, Cares, and
Work, from the Experience of Forty Years. Crown Svo. Ta, 6d.
RALBIGH (Psor. W.). The English Novel. Crowa 8vo. 3s.6d,
(Uulv, Extonsion Series.)
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RAMSAY (Pror. W. M.). The Historical Geography of Asia
Minor. With 6 Maps, Tables, &e. Bvo. 18
RASSAM (Hommuzn). DBritish Mission to Abyasinia Illustra-
tions, 2 Vols, 6vo. %8s
RAWLINSON'S (Canon) Fh'e Great Monarchies of Chaldma,
gl‘g)’l:l.sbled‘l;. Babylonia, and Persia. With Maps and Illastrations,
ol ¥0. 8.

—————— Herodotus, a new English Version. See page12,

RAWLINSON'S (Siz Hesny) England and Russia in the East; a
Series of Papers on the Condition of Central Asia, Map, S8vo, ﬂo

REJECTED ADDRESSES (Tae)., Br Jaues axp Honaos Sairs.
Woodeuts. FPost Gvo. 3g, 6. ; or Popwlar Bdition, Feap. Svo, 1s

RENTON (W.). Ootlines of English Literature. With Illustra-
tive Dlagrams, Crown Svo, #s. 64, (Univ. Exteosion 2eries.)

RICARDO'S (Davin) Works, With a Notice of his Life and
Writings., By J. R. M'Culrocu. Bvo. 16s,

ROBERTS (Dx. B D.). An Imroduction to Modern Geology.

With Coloured Maps acd Illostrations, Crown Syvo. b5 (Univ,
Extension Series.)

ROBERTSON (Cn«on) Hiatory of the Christian Chureh, from the

Apostolic Age to the Reformation, 1617. 8 Vols, Post Evo €4. each.
(G. C) Elements of Philosopby. Edited from

Notes of Lectures at University College, London, by Mrs, C. AL F.
Kuys Davios, B A, Crown 5vo, "B, 6d. (Unl\orslty Extenalon Series),

(u C) Elements of Psychology. Crown 8vo.

25, 0d, (University Extension Series,)

ROBINSON (W.). English Flower Garden. An Illustrated
Dietlonary of all tho Plants used, and Directions for their Culture and
Arrang . With INiustrations, Medinm Svo. 104,

The Vegetable Garden ; or, the Edible Vegetables,

Salads, and Herbs cultivated in I‘nmpn and America. By M, Vit
MORIN-ANDRIEUX,  With 750 Hlustratlons, Svo. 102,

The Wild Garden. Ilustratione. 80, 12s.

Sub-Tropical Garden, Illustrations, Crown 8Svo. ba.

Parks and Gardens of Paris, congidered in

Relation to other Citles. 350 Ilustrations. &ve. 18s,

God’s Acre Beautiful; or, the Cemeteries of the
Future, With 8 Illustrations, #&vo. Tz fd,

_ Gurden Design, llldetrations. 8vo., J&s.

ROMANS, St. Paul's Epistle to the. With Notes and Commentary
Ly E. H, Girvoro, D.D. Medium Svo. T2 Pd.

ROMILLY (Hvom H.). The Western Pacific and New Guinea.
2nd Fditlon. With a Map, Crown 8iwo. 7s. 6d.

ROOSE (Dgr, Rossox). Waste and Repair in Modern Li'e,
Crown 8vo, 7 €4,

ROSS (Mne.) The Land of Manfred, Prince of Tarentum and King
of Rieily, Illustrations, Crown Bvo. 104, 6,

RUMBOLD (Ste Horace). The Great Silver River: Notes of a
Residonce in the Argentice Republie, Second Edition, with Additional
Chapter, With Itlustrations, Svo. 1?2

RUXTON | Gro. F.). Travelsin Mexico; with AdventuresamongWild
‘I ribes and Anituals of the Prairies -nd Rocky Mountuing, Post 8vo. 84, 6d.

RYAN (Cpanwys 1), With an Ambulance during the Franco-
German War, 1570-71, - With Portralt and Maps. Crown Svo, e

ST. JOJIN (Crartes). St. John's Wild Sports and Natural History
of the Highlands of Scotland, A New. Edition, thorunghly revised.

Fdited, with a Memoir of the Autlor, by the Rev. M. G. Warkixs,
Yortrait and seseral new Hlustiations, Medium 8o, 175
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ST. MAUR (Mus. Argerxox), Ducaess ov Sourmser. Impres-
s'0as of & Tenderfoot, during a Jouraey in senrch of Sport In the Far
West, With Map and Ilusteations, Crown 5v0.

SALMON (Ggo., D.D.). An Introduction to the Study of the New
Testament, Crown 8vo, 95 Appendix (1504), 1s.

Lectures on the Infallibility of tue Church. Post 8vo. 9s.

Some Thoughts on the Textual Oritcisms of the New
Tes'ament. Crown Svo, 8¢, &d,

SANDEMAN (S Ronesr). His Li‘e and Work on our Indian

Frontier. By T. H. Tuorxrox, C.S.1,, D.C.L. With Map, Portrait,
and IHlustrations. Svo, 18a

SAPPHIRE RING (THE). A Novel. By Coiriss GRANVILLE
Crown Svo, Oa

SCEPTICISM IN GEOLOGY; and the Reasons for it. An
assemblage of facts from Nature eombining to refute the theswry of
“ Osuses now in Action,” By Vewwier, Woodcuts, Crown 8ve. 6a.

SCHREIBER (Lapy Cuarrorte). English Fans'and Fan Leaves,
Cullected and Descrived. With 160 Plates. Folio, 7L 7s. Net.
Foreign Fans and Fan Leaves.
French, Italian and German. 150 Plates. Folio, 7. 7a, Net.
SETOUN (Gapnier), Barneraig. Episcdes in the Life of a Scottish

Village. Crown 8veo, bs.
Sunshine and Haar, Further Glimpses into Barncraiz,
Crown §vo, (s

SHAIRP (Prixorpan) Awp mis Friesps. By Profeszor War,
KxiouT, of $t, Andrews. With Portrait, &vo, 10s.

SHAW (T. B.). Manual of English Literature. Post 8vo. 78, 6d,
Specimens of English Literature. Post 8vo. J5s.

SHAW (R. Nomxax), [See ArcarrecTose.]

SIEMENS (812 Wa). The Scientific Worke of : a Collection of
Papers and Discourses. Edited by E. F. Bayssw, CE, Vol i.—
Heat and Metallurgy; ii, — Electeicity, &o.; iii. —Addresses and
Leetures. Plates. 3 Vols. Svo. 12s each.

(Dr. Wesxzr vox). Collected Works of. Translated
by E, F, Bawmge, Vol L—Scientific Papers aud Addresses, il.—
Applied Science.  With INustration< 8vo. 13s F

SIMPKINSON (Rev. C. H.). [See Laon.]

SINGER (axp BERENS). Some Unrcciguized Laws of Nature,
1llostrations. Svo, 18s,

SMEDES (Susas Dapxey). A Southern Planter. Memoirs of
Thomns Dabney. Preface by M GLALSTONR. Fost Svo. 74, 6d.

SMILES' (Saxves, LL.D.) WORKS :—

Burmsn Exciwgess; from the Barliest Period to the Death of
the Stephensons. Illustrations, 6 Vols, Crown 8vo, 7s.8d, cach,
Geonor StepnExson. Post 8vo. 25 Od.
James Nasuyra, Portrait and Illustrations, Post 8vo. 6s,
Jasmix: Barber, Poet, Philanthropist, Post 8ve. 65,
Sooron Narurasist (Tros, Epwanp). Illustrations. Post8vo. s,
Sooron Grorocist (Roperr Dick). Illustrations. 8vo. 12Zs
Serr-Hepe., With Illustrations of Conduct and Persever-
ance, Post 8vo, Br. In Fr-neh &
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SMILES' (Samusr, LL.D.) Wonks -continned,

CnanrictER. A Book of Noble Characteristica, Post 8vo. 6s.

Tarirr. A Book of Domestie Coungel. Post 8vo. 6s,

Dory, With Illustrations of Courage, Patience, and Endurance.
Post Svo, 63,

{xpustriaL Brograpmy. Iron-Workers and Tool-Makers, 6s.

Mzx oy Isvestion. Post 8vo. 6s.

Lire axo Lasovr. Post 8vo. 6y,

Jostan Wepawoon. The grait Artstie Potter. Or. 8vo. 6a.

Tuz Hogusxors; Their Settlements, Churches, and Indus-
tries in Englend and Ireland  Crown 8vo. 7s 6d.

Box’s Vovaor Rousp rae Wonun, [llustrationa. Post 8vo. 6s.

SMITH (Dxr. Geones) Student's Manual of the Geography of British
Judia, Physical and Political. Maps. Post8vo. 7. 6d,

Life of Wi, Carey, D.D.,, 1761 —1834. Shoemaker and

Misslonary. Professar of am.em, Bungalee and Marathee at the College

of Fort Willinm, Caleutta. Illustrations, Post8vo, Ts Bd

Life of Stephen Hislop, Pioneer, Missionary,and Naturalist

in Central India, 1344-1863. Porimi’. Post 8vo. 7s 6d.

Tue Convergion of Indis, from Pantsnag to the present

time, 198—1808. With {1l str tons, Crosm Svo, Qs

Tae Life of Bishop Heber, Poet and Missionary, With

Portrait, Maps, and lustrations, Crown Svo, 108 64,

(Puu.u') History of the Ancient World, from the Creation

to the Fall of the Roman Empire, A,p. 476. 8 Voh Svo. 3ls 6d,

(R. Boswortas). Mobammed and Mohammedanism,
Crown 8vo, Ts 8d.

SMITH'S (Siz Wa.) DICTIONARIES :—

Dicrrorary oF rHE Bisn«; its Antiquoities, Biography,
Goography, and Natural History. Tllustratlons, 8 Vols, Bvo. £4 4+,
The New and Revlsod Eof fon  f Vol, I. suld separately, 20, 25, Vold,
11 and I3, 91, 25

Coxorse Bisue Drotionary. Illustrations. 8vo, 21s,
Sxarier Bisue Diomiowany. Illustrations, Post 8vo, 7s 6d.
Cunrsrrsx Awtiguiries,  Compriking the History, Insti-

tutions, and Autlquities of the Christian Church, Illustrations, 2 Vols,
Medium Svo, 31, 13y, 64,

Crristiax Bioorarny, Litesarvee, Szors, awp Doorriwss;

from the Tlmes of the Apnsues tothe Age of Chiarlemagne, Medium Svo
Now complete In 4 Vols, 6L 18, 6d

Gregr ANp RoMan Awrigmimies. Iocluding the Laws, Tnstitu-

tlons, Domestic Usages, Painting. Sealpture, Mnsic, the Drama, &e,
Third Edit: on, Revised and Enlarged. 2 Vols. Med. Svo, 8is, 6d. cach,

Grerx Axp Roman Biosraray awp Myrmonooy. Illustrations,
2 Vols, Medium 8vo. 4L 42,

GrEER Axp Roxax Grosrapmy 2 Vols Illustrations,
Medinm 8vo. 66

ATLAR OF ANCIERT Gzoonunr—Bmucn AnD  CrassicaL.
Follo, &1, 6s.

Crassicar,  DicriomAry oF  Mytmonosy, BioarArEY, ANXD
Groorarny, 1 Vol, 500 Woodeuts, New E ition, Svo, 184

SuarLer Craseroan Dior. Woodents, Crown 8vo. 7s. 6d.

BuariEr DiorioNARY oF GREEE AND Romax ANTIQUITIES,
Woodcuts, . Crown 8vo. Ta. 6d.

Sxarier Latin-Exouss Diottowary, 12mo. 7a, 64,
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SMITH'S (Sir W) DictiosARtEs —continued.

Courrere Latis-Excuiea Dicrroxany. With Tables of the
Roman Calendar, Measures, Weights, Money, and & Dictionary cf
Proper Names. #vo. 185

Cor1ous AXD Crirroar Exoursa-Larix Dicz. 8vo, 16s.

SyarieR Encuisp-Latis Diortoxary. 12mo. 7s. 6d.

SMITH’S (Sir Wa.) ENGLISH COURSE:—

Somoon Maxuar or Exenisa Gnamuas,with Corrovs EXEROISES,
Appondices and Index. Post Svo. 3s, tid,

Privany Esouss Grawuaw, for Elementary Schools, with
earefully gradunted Parsing L=ss«ons. 16mo. 1s

Mawvas o Exerrenm Coxposrriox  With Copious Illustra-
tions and Practical Exercises. 12mo. 3s. 6d.

Priwany Hisrony or Britars, 12mo. 25 6d. °

.

SMITH'S (Siz Was) FRENCH COURSE :—

Frexom Puiwcrera.  Part 1. A First Course, containing a
Grammar, Delectus, Exercises, and Vocabnlaries. 12mo, 35 6d.

ArpEnpix to Feewon Prixcrers, Part I Containing ad-
ditional Exercises, with Examination Papers, 12mo. 25, 6d.

Fresen Primorers, Part [ A Reading Book, contalning
Fables, Storlos, and Aunecdotes, Natural History, and Scenes from the
History of Franee. With Grammnatical Quastions, Notes and copicus
Etymological Dictionarys. 12mo. 4. 6d, i

Frescn Prixciera.  Part 111, Prose Composition, containing
Hints on Transiation of Engllsh iuto French, the Principal Rules of
the French yntax compared with the English, and a Systematic Course
of Exerclses ou the Syntax, 12wo, 4. 6d. [Post 8vo, Oa.

Srupenr’s Faexcr Grawuas. With Introduction by M, Littré,
SwarEn OraMyan oF muE FrEnom Lascoaes.  Abridged
from the above. 12mo. 8s. 6d.

SMITH'S (S1n Wx.) GERMAN COURSE :—
Grnuax Priscrera. Part I A First German Course, contain-
ing & Grammar, Delectus, Exercise Book, aod Yocabularies, 12mo. B4, 6d.
Graxaxn Puxcrera. Part II. A Reading Book ; containing
Fables, Apecdotes, Natural History, and Scenes from the History of
Germany, With Questions, Notes, and Dictionary. 12mo. 3a, 6d.
Pracrioar GerMay Guauman. Post 8vo. 3a 6d.

SMITH'S (Siz Wa.) ITALIAN COURSE :—

ITaziax Prisorers. | Part 1. An Italian Course, containing a
Grammar, Delectos, Exercino Book, with Vocabularies, and Matérials
for Italisn Conversation. 12me. 3s 6d,

{raviax Prixoreia. Part 11, A First Italian Reading Book,
containing Fables, Anecdotes, History, snd Passages from the best
Iralian Authors, with Grammatical Questions, Notes, and & Copious
Etymological Dictionary, 12mo. 85,64

SMITH'S (Srz Wa.) Yousa Brarsser’s Finsr Latix Counse.
L A Frasr Latrs Boox, The Rudiments of Grammar, Easy

Grammatical Que tisus and Exercises with Vocabslaries. 12mo, 2,

II. A Sgcosp Larrs Book. An Essy Latin Reading Book,
witls axt Analysis o the Sentences, Notos, and & Dictionary, 12mo. 2s.

Iil. A Tamp Lamis Boox, The Principal Rules of Syntax,
with-Easy Exercises, Ques:lons, Voceabulades, and an English-Latin
Dictlpary. 2 < 5

1V. A Fovrrm Lamis Book. A Latin Voczbulary for Beginners,
Arrapged according to Suhjects aad Etymologies. 12wo. 25,
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SMITH'S (Sir Wa.) LATIN COURSE,

Prixorera Larisa. Part 1. First Latin Couree, containing a

Grammar, Delectus,and Exercise Book, with Vocahaluries, 12mo, 3¢, 6d,

*+* In this Edition the Cases of the Nouns, Adjretives, and Pronouns

are arranged both a8 in tho OKDINART G Ay ARS and as in the Punuio
ScHooL PRz, together with the corresponding Exerciges.

AProNpIx 70 PRI¥ciera Latrsa, Part L.; being Additional
Exercises, with Exwuination Papors. 12mo. 23 B4,

Prixcieia Lamisa. Part I, A Reading-book of Mythology,

Geography, Roman Antiquities, sud History. With Notes and Dic-
tlonnry, 12wo. 34, 6d.

Prinoreta LaTiva. Part 111, A Poetry Book, Hexameters
aod Pontameters; Eclog. Ovidiang ; Latio Peosody, 12mo, 3s. 6d.
Priworeta Latisa, Part 1V, Prose Composition. Rules of

Syntaxy with Examplus, Explanations of Synooyms, and Exorcises
on the Syntax. 12mo. 3s. 6.

Prixcipia Latixa, Part V. Short Tales and Anecdotes for
Translation into Latin, A New nod Enlarged Edition. 12wmo, 8s.84,

Larix-Encrisy VooABULARY AND  Frger Larin-Exovisa
Dicriosany rou Pravnus, Consrrins New

STUDENT'S LTIy GRasoram, For the Higher Forms, A new
and thoroughly revised Edition.  Post 8vo, @y,

SMALLER LATIN GRAMMAK, New Edition, 12mo. 3s, ga.
SMITH'S (Sin Wx.) GREEK COURSE:—
Inria Grzos, Purt], A First Greek Course,conlainingn(inm-

mar, Delectus, and Exercise-book. With Voeabularies, 12mo. 3s. 64,

APPERDIX 10 INimia Graea, Part 1. Containing additional
Exercises. With Examination Papers. Post Syo, 2:. 64,

Inris GrEos. Part 11 A Reading  Book, Containing

Short Tales, Anecdotes Fablea, Mytholey
T oy 3 v Mytholegy, and Greelan History,

Ixreia Grmoa. Part II1. Prose Composition. Containing the
Rules of Syntax, with copious Examples and Exorcises, 120, 3s. 84,
UDENT'S GuERR GRaMMAR, For the Higher Formg,

Post 8vo. &y,

SMALLER GREER Gramyan. 12mo. 3s, 6d
GREEE AcCIvENCE. 1Zmo. 24 84,
Praro, Apology of Socrates, ke, With Notes, 12

SMITH’S (S1a Wx.) SMALLER HISTORIES .—
Sortrruse  History. Mapa and Woodeuts, 16mo, 83, 64,
Anorext Hrstory. Wondeata, 16mo. 35, 6.

ARaRNT GroorAPEY. Woodeuts, 16mo. 3g, 6d,
MopEry GrooraPnY. 16mo, 28, 8.
Grexor. With Coloured Map and Woodcuta, 16mo, 8s, 8d.
Roxr. With Coloured Mape and Woodents, 18mo. 3e, 6d.
Crassroar Myrroroay. Woodents, 18mo, 85, 84 .
Exaraxp. With Coloured Maps and Woodeuts, 16mo. 3s, 6d.
Ereuisi Literavuone. 16mo, 3s. 6d,
Seroiuens oy Exorisn LiteraTurs, 16mo,
SMYTH (T. Wannrsorox). Notes of a Journey on the Upper
Mcekonyg, Siam, (Royal Geographlea) Journal)  With Maps and
Tllustyations, Crown §vo. Te. 64, -

8NOW (Carz. H. J.). Notes on the Euril Islands, 8vo, Wit
Map. drn

mo, 3s. 6d,

8s. 6d,
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SOMERVILLE (Marv). Physical Geography, Post 8vo, 9s,
~——————— Connexion of the Physical Sciences. Post 8vo. 95,
STANHOPE'S (Esrr) WORKS :—
Hisrory or Exouawp vuem ru: Ren o QueEn AmNE 10
THE PRACE O VERSAILLES, 1701-83. 9 Vols, PostBvo, bs, each,
Nores or CoNVERSATIOSS wiTB THE DUks op WrLLixaron.
Crown 8vo, 7s, 6d,
MisoxLuanies, 2 Vols, Post 8vo. 13s,
Brizisn Ixpia, vroxt 173 Orrors 1o 1783, Post 8vo. 35, 64,
Hisrory or “Fonry-Five” Post 8vo. s,
Histortoan Axp Crirroan Essavs. Post 8vo, 8e. 6d.
RerreAT vROM Moscow, AND oraeR Easava. Post 8vo, 7s. 64,
Live ov Cowvg. Pogst 8vo. 8s. 6d,

STANLEY’'S (Deax) WORKS :—

SimA1 Awp Pargstine.  Coloured Maps. 8vo. 12s,

Bieie 1v rue Hony Lawp; Extracts from the above Work,
Woodcuts, Poat 8ve. 3a 64,

Easrerx Cauvnon, Plans. Crown 8vo, 6s.

Jewisn Cuurca. From the Earllest Timea to the Christian
Em. Portrait and Maps. 3 Vols. Crown 8vo, 18s,

Cnuron oy Soortann, 8vo. 7a 6d.

Er1sries or Sr. Pavw 70 #nE Coninraiaxs, 8vo. 18s,

Lire or Dr. Arworn. Portrait. 2 Vols. Cr, 8vo. 12a.

Caxrensuny. Illustrations. Crown 8vo. 65

Wesraminsren Apsey. [llostrations, 8vo. 15s.

Seryons Prescuzp v WesTMissTer Asser. 8vo., 123,

Mzexorr oF Epwarp, CATHERINE, AND Many S7ARLEY. Or. 8vo. 9a,

Cugristian Issrivurions. Crown 8vo, 6s.

Eseays on Crouncm a8D Stare; 1850—1870. Crowa 8vo, 6,

Serxoxs 1o Cniprew, including the Beatitudes, the Faichful
Bervant. Post Svo, #s. 684,

SzLEcTIoNs PROM, By Aronpmacow Acres, Cr, 8vo, 7s. 6d.

STANLEY (Drax) Life of. [See Proznzgo and Bravuzr.]

STRATHEDEN AND CAMPBELL (Lorp). Speeches on the
Eastern Questicn.  Svo. 125
STREET (G. E), R.A. Memoir of By A. E. Sreesr. 8vo. 153,

Vinuiers), Egypt after the War.  With Descriptions of
STUAIELE fvative;, &e. 1llustmtions and Woodeuts, Royal §vo. %u ed.
Adventures Amidst the Equatorial Forests and
Rivers of South America, also in the West Indies sad thoe Wilds of
Florida, Map und Ilinstrations. Royal §vo. 2ls,
STUDENTS MANUALS. Csows 8vo. 7s. 6d. 2ocR VoLoMe :—
Huaer's Hiszory of Exouawp from the Invasion of Juling
Casar to the Revolution in 1634, lkvlso.-dl and continued to the
Yreaty of Berlin, 1878. By J. 8. Bazwau, M.A,  Coloured Maps and
Woodouts. Or fn 3 parts, prics 25, 6d. each,
»_* Questions on the above Work, 12mo. 2,

Hisrory o Monzry Eunors, from the Fall of Constantinople
to the Treaty of Beriln, 1878, By R. Lobag, M.A,
Qup TESTAMENT Hisrory ; from the Creation to the Return of
fi Captivity, Woodefxu, .
e ‘313;5‘2;;‘:" Hisvony, With an Introduction connecting
N‘lhwo History of the Old and New Testaments, Woodcuts,
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STUDENTS' MANUALS. 7e 6d. Eace Vouruus :(— continued,
Booupsiastioan Hisrory ; & History of the Christian Chareh,

By Paiuie Saivw, B.A,  With numercus Woodeuts. 2 Vols, Parvl.
A.D, 30—1003, Pant 11, 10031614,

Exouisn Cuvros Hisgory. By Caxox Pemry., 3 Vols,
Lat Pericd, 8. 0.608—1608. 2nd Period, 1500 —1,17, 2rd Pe iod 1717—1834,

Axcrest History op tue Fasr; Egypt, Assyria, Babylonia,
Media, Persia, Asia Mivor, and Phoenicia, By Priuee Surre, DA,

—— Grocrarny. By Caxox Bevax. Woodcuts,

Mopesx Geoorarmy ; Mathematical, Phyeical and Descript.ve.
By Caxox Bevax, M A, Woodes's,

Hisrory oF GRrEzeE ; from the Harliest Times to 1he Roman

Conquest. By Wu. Swite, D.C.L. Woodouts,
** Questions on the above Work, 12mwo. 24,

Hisrory or Romg; from the Earlicst Times to the Establishe
ment of the Emipire, By Deax Lipugin. Woodents,

Hiszory ov rur Rouax Expirg; frum the Establishment of
the Empire to the 1elgn of Cowmodus. 8y J. B, Buny. W ith Culoured
Maps and many Ilustrations,

Gipnon's DEouink axp Fauy o¥ rae Roxax Exeras, Woodents,

Harvuax's History or Evmors during the Middle Ages,

Hanuaw’s Hisrony or Excrasp; from the Accession of
Heary VII. tu the Death of George 11,

Hisrorr oy Frawcm; from the Buirliest Times to the Fall
of the Becond Empire, By H. W, Jznvis. With Coloured Maps und
Woodents,

Exouisa Laxnovace. By Geo P. Mansa,

Exouse Liverature. By T. B. Suaw, M.A.

Speciueys or Excusa Literatore. By T. B, Smaw. 5s,

Geoorarny oF Barrism Isora.  Political and Physical, By
Grosox Swirs, LL.D. Maps.

Morar Prrvosoruy, By Wu. Frexixa.

STURGIS (Jurrax). Comedy of a Country House, 6s,

Count Julian. A Tragedy. Crown 8vo, 2s,

SULIVAN (Apx. Siw B. J)), K.C.B. Life an! Letters. By kLis
son, H, N. Sutivax, Maps, Plans, azd Illusivatiozs, Svo, 1Gs

SWAINSON (Caxos). Nicene and Apostles’ Creeds; Their

Literary History ; together with some Account of “The Croed of B¢.
Athaonasins.” Svo, 18s

TALLEYRAND. By Lapy Buessrruasseir (Covsrass Lyoex).
Aranslated by FREDERICK CLAsxE. 2 vols, Crown Svo. s,

TAYLOR (Tmoxas B.). Fucning the Blockade. A personal
narrative of adtentures duing the American Clvil War, With Int oe
ductiin by Jusias Conke 7, Hlustrations and Maps. C:own Svo, 7, (d,

TEMPLE (Stx Ricmarn). Indiain 1880. With Maps. 8vo, 16,
————— Men and Events of My Time in India. 8vo, 16s.
Orlental Experience. Eesays and Add:esees delivered
on Varlous Oceasions, With Maps and Woodeuts. Svo, 16s,

Life in Parliament. From 1862 to 1802 inelusive.
Crown Sve, Ts, 64,

THATCHER (axp SCHWILL). Furope in the Middle Age.

£vo, Qs

THOMAS (Sioxey Grrommist), Inventor; Memoir and Letters,
Edited by R. W. Borxix, Poriraits. Crown 8vo. 9a

THOMSON (J. Arenve). The Study of Animal Life. With many

1lus'ratiors, Crown 8vo, bs. (University Extersion Manuals,)
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THORNHILL (Mars), The Personal Adventures and Exoest
of n 3!‘aglstmtc during the Indian Mutinyg, Crown Svo, xl[',lir.enm
TBURIS‘F’{L D (JA!S: Ir.)(.’ The Nav, snd tre Nation. By J
. Trussrisio an Sir GEO, Synessay CLanxy,  With Mapa. 5
TITIAN'S LIFE AND TIMES, [Sce Crows and CAV.lLOaf;RI:;.Qj

TOCQUEVILLE'S State of Soclety in France bef;

1789, and ;n the Causes which lc% to that !-gfcnf. o;:ot:halg.eVOInuon,
TRISTRAM (Caxox). Great Sahara. [llustrations. Crowy Svo. 15s,
TYLOR SE. B.). Researches into the Farly History of Mankind

and Development of Civilization, 3rd Edition, 8ve, 124 z
Primitive Caltare: the Development of Mythology,

Philosophy, Religlon, Art, and Custom, 2 Vols, Svo. 8rd Edit 21,:
UNIVERSITY EXTENSION MANUALS, Rdited by [Pro-

ressor Wy, Kx10HT (St Andrew's), A series of Manuals deali
with Literature, Science, Philosuphy, History. Art, &:uCchlaéxvx:’g.

Axn Ixrnopvorros 1o Moberw Grorosy. [See Ronenrs.)
Toe Rearx oF Narvne, [See Miuw] &
Tae Sruiy o Annras Lire. [8ee Tmousox.]
Tag Exexests of Ermics, [See Mumrmean )
Excuisuy Coroxzamion axp Exrixe. [See Carpecorr.)
Tue Fixg Anvs. [S:e Barvwix Brows.]
Tag ' s8 Axp Apuss o¥ Moxey, [Sec Cunnrxamaw,]
Tae Paniosoray or Tae Braveirun  [See Exienr.)
Fresou Lrizerarure. [See Kusne]
Tue Rise oF Tug Berrism Doxaxrox 1y Ixora. [See Lyars.]
Tug Parsronoay o¥ ToE Sexses. [See McKsxpriox.],
Craprers 18 Mopzex Boraxy. [See Gropgs.]
Tugr Fresom ReyorvrioN. [See Mavugt.]
Excrize Litenaturg. [See Rexton.]
Logre, Ixpverive axp Deoverive. [See Mixro.]
Greeck 1N raE Aok o¥ Perictes. [See Grawr.]
Jacosray Porrs. [See Gosse.]
Tar Escuisy Novin [See Rauson.]
Hisvory or Reutarow. [Se: Mexszrea]
Larrs Lirerarvre.  [See Maczam]
Suarseeng Axp His Prepropssons. [See Boas]
Frpuexts or Purtosorny, [See Roperrsow.
Erexsnrs or Psvcmoroey. |See Rorerison.
WACE (Rev. Hexgy), D.D, The Principal Facts in the Life of
our Lord, and the Authority of the Evangelical Narratives. Post Svo. 6.
— Chrigtianity and Morality, Boyle Lectures for 1874 and
1875, Eigzhth Edition, Crown 8vo. 6s
The Foundations of Faith, being the Bampton Lectures
for 1679, 8vo. Te. Gd.
WALES (H.R.H. rag Prixce of). Speeches and Addresses,
1808-15588, Edited by De, J. Macavray. With Portrait, Svo, 12s,
WALLER (Rev. Horace!. Health Hints for Travell.rs in Central
Africa. Feap, Svo. la
WARREN (Mary Oss). By Anrez Brows. With Portrait;
Crown 8Svo, 5e.
WASHINGTON (Maxrma). By Asxe Honurseswonta Weaizon,
Crown 8vo,
WELLINGTON (Duke or), Notes of Conversations with the
Iate Earl Stanbope. 1881-1501, Cronn 8vo. Ts Od,
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WELLINGTON (Dure &r). Supplementary Despatches, relating
10 India, Ireland, Denmark, Spanish America, Spain, Portugal, France,
Cougress of Vienna, Waterloo and Poaris. 15 Vols. Svo. 20s each,

Civil and Political Correepondence, Vols I. to
VII, Svo, 20s v

WESTCOTT (Caxox B.F.) Tle Goapel according to St. John, with
sxotu nml&?iukmllonu (Heprinted from the Bpeaker's Commentary.)

0,

101, 6d.
WESTON (Rav. WALTIR?. The Jaranewe Alps, An acconnt of

Climbing and Exploration In Central Jupao,  With Maps and Illustea-
tions,  Mediom Svo. 2ls

WHARTON (Apx, W.J. L.}, RN. Hydrographical Surveying :

being a deseription of the means and methods employed in construeting
Marise Charts.  With |llusteations. Svo. 1bs. )
WHITE (S:r W. H.). Manual of Naval Architecture, for the use
of Navnl Officers, Shiphuilders, Yachtswen, &e, Hlaserations, 8vo. 24s.
WHYMPER (Epwarp). Travels amongst the Great Andes of the
Equator. With 140 Original Jllustmations, Engraved by the Author.
Mediom Svo,  21s, Net
Supplementary Appendix to the above, With 61
Pigures of New Genern aud Species, Illus, Medium Svo, 21s. Nel,
How to Use the Aneroid Barometer, With numerous
Tables, 2 6d. Nit.
Chamonix and the Range of Mont Blane, Wilh
05 Jlustrations and Maps. 3s Nel
Zermatt and the Matterborn,  With 70 Ilustrations

and Maps,

WILBERFORCE'S (Bieror) Life of William Wilberforce, Portrait,
Crown Svo, €,
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