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I WAS led to this subject by an interesting, but too short, paper 
by Professor Asa Gray on the movements of the tendrils of some 
Cucurbitaceous plants *. My ou.ermtions were more than half 
completed before I becnme awnrc that the surprising phenomenon 
of the spontnneous revolutions of the stems and tendrils of 
climbing plants had been long ago observed by Palm and by 
Hugo von Mohlt, and had subsequently been the subject of two 

• Proe. Amer. Acad. of Arts and Sciences, vol. iv. Aug. 12; 1858, p. 98. 
t Ludwig II. Palm, Uebel' dns vVindcn del' Pflanzen j Hugo VOll Mohl, Uebel' 
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lllemo;rs by DuLroebet·. Nevertheless I believe that my obser­
vations, fouuded on the close examination of above a hundred 
widely distinct living plau ts, contain sufficient novelL), to .iustify 
me in laying t,ll cm before the Society. 

Olimbing plants Illay bo conveniently divided into those ",hidl 
"pirnlly twine round a support, those .... hieh !lscend liy the mm'e­
ment of the foot-stalks or t ips of their leaves, !lnd those which 
ascend by t rue tendrils,-these tendrils being either modified 
leaves or fl ower-peduncles, or perhaps branches. But these sub­
divisions, as we shall see, nearly all graduate into eaell other. 
'I'here n,re two other distinct classes of climbing-plants, namely 
th ose furnished with hool<s nnd those with rootlets; but, as "ueh 
plants cxllibit no flpcc,inlmovomentB, we are but little concerneil 
with thelll; and gellcml1y, when I speak of climbing plant.s, I rel'el' 
exclusively to the first gre"t ChillS, 

Pnrt I.-SriRALLY TWINING PI,ANTS. 

This is the largest subdivision, and is apparently the primor­
di"l and siUlplest condition of the class, My observations will be 
best given by talting It few .pecial cases, When the shoot of !1 

lIop (II'lAm,/". iA'l"'ZUS) riscs from the ground, the. two or three 
first-formed internodes arc straight and remain stationary; but 
the next-formed, whilst very young, inay be ' seen to bend to one 
.ide and to travel slowly round t.owards all points of the compass, 
moving, like the hands of a watch, with · the SUllo . The movement 
very soon Rcquires its full ordinary 'Velocity .. From : seven obser· 
,·aUoDs made during August on shoots . proceeding from a plant 
which had been cut down, nDd on anotber plant during April, t lw 
nverngo rate during hot weather and during the dny: wits 2 h. 8 m. 
for 'eaell' revolution; and none of the ' revol utioDs ','&riod iTiuch 
£r01)1 this f,\i<e . . Th~ revolving movem~nt cOJitin ues 'as long as 
the plaut continues to grow; but each separate illteMlode, as it 
grows old, ceases to movo. 

1~o nsccl'tnin more precisely what amount of mo'·cmcnt each in. 
tel'node underwent., I kept" potted plant in a well-wnnned room 
to wh ich I was confined during the night and day. A loug iu­
elinor! shoot pro.icct"d beyond the ul'per ena of the "UFPoTt.in g 

'1'1'(',\1 ise W :J 3 published on ly A fow '~cek!! before Moh}'8. Sec aIeo "rite Vegc­
klblc Ct' lI ' (h'{lnfllnwd by HCllfrry), by H. Ton :Mohl, p . .1 47 to end . 

• II ncs MOllvPlllcnfi' rl:t"olnl.irR Flronhl1l cs," &c., • Comptcs JWlldufi/ f.om. xvii . 
(181.3) p. 989; uBrcltcrch('1!1 sur In Yolubilifc d€'s 'rigel'l," &0., 10m. xix. (1814-) 
p,295. 



stick, and was blearlily revolving. I then took nlongcr stick nllu 
tied up the shoot, so that only a very yoUlIg internode, l~ of !tn 
inch in length, was left free; this was 80 nearly upright that its 
rcvolubion could not be easily ohserved: but it certainly moved, 
nnd the side of the· internode which was at oue time convex be­
came COllcn.ve, which, ns we shaH hereafter see, is l\ Bure l:5ign of 
1.110 revolving lllovement. I will assume th"t it Made at least dtle 
revolution during the first tweuty-four hours, Elttly the uext 
1l101'l1illg its position Was mnrkcd, and it mnde tha secoJid i.-evolu­
tion iu a 11.; during the latter part of this revolutiou it inoved ltt~ch 
quicker, aud the third circle was performed in the eveJliug in a 
little over 3 h. As on the sueeeeuing morning I found thltt th" 
shoot revolved ill 2 h. 45 m., it lllllS! have maue during the 1iight 
four revolutions, each nt the nvernge mte of It little over 311. I 
,hould add thnt the temperature of trw room varied Duly n Iit1.le. 
'l'he shoot had now grown 3ir inches in length, and carried ttt its 
extremity a young internode 1 inch in length, which showed slight 
ch:l1lges in its Ctlrvn.ture. The next or ninth revolution wos 
clieeted iuZ h. 30111. From this time forward, the revolutions Were 
easily observed. The thirty-sixth revolution Wall performed at 
the lIsllal rate; so was tbe Inst or thirty-seventh, but it was not 
qllite completed; for tlJC internode abruptly became upriglIt, a.nd, 
artel' moving to the centre, remained lnotionl(!;ss. I tied a weight 
to its uppcr end, so as to slightly bow it, n:nd thus to detect a.ny 
moyement; but there was Ilone. Some time before the last revo­
lution the lower part of the internode had teltsed to Inove. 

A few more remarks will complete all tbat need be .aid 011 this 
one internode. It moved during five days; but the more mpid 
movemeut after the third revolution lasted duriilg three day" nt,,1 
twenty hours. The regular revolutions, from the ninth to thirty' 
sixth inclusive, were performed at tbe average rate of 2 h. 31m.: tIll! 
weather was cold; and tbis affected the temperatura of the room, 
especially' during the night, anu consequently retarded " littl". 
t;he rat.e of UlOYement. 'l'here was only one irregwat Inovcmcnt, 
when" segment of a circle was Tapidly performed (not counted ill 
the abo\'O enumerat.ion) ; and this occurred ",fter an unusually slow 
ro,·olutio11 of 2 h. 4·[j lll. After the seventeenth revolution th; inter­
node had grown from It to G inches in length, l1ud carried an in1"er, 
no,k If inch long, which was jusl; perceptibly moviug; aud this 
carried It very minute ultimate internode. Aft·er the twenty-fir.t 
1'c"olution, the penultimate internode was 2! inches long, I\nd 
probably revoh·ed in " perio,l of about three heur.. At the 

. 112 
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twenty-seventh revolution Ollr lower internode was 8~, the penul­
timate 3;t, and ultimate 2f inches in length j and the inclination 
of the whole shoot was such, that "circie 19 incbes in diameter 
Wtlij swept by it . '\Then the movement ceased, the lower inter­
node was !) ami the penultimate G inches in length; so that, from 
the twenty-seventh to t.hirty-seventh revolntions inciusive, three 
internodes were at the same time revolving_ 

The lower intefllode, when it ceased revolving, became upri~ht 
and rigid; but as the whole sboot continued to grow unsupported, 
it became nearly hori7.ontal, the uppermost and growing inter­
nodes still revolving at the extremity, but of course no longer 
round the old central point of the supporting stick_ From the 
change in tho position of the centre of gravity of the revolving 
f'xtrclHity, (l, slight null slmy sway ing movement was given to the 
10nl( "n,1 hOl'i7.0ntl1J1 y projecting shoot, which I mistook at first 
for 11 spont.aneous movement. As the shoot grew, it depende,l 
more nne! more, whilst the growing and revolving extremity turned 
itself IIp more and more. 

'Vi t,h the Hop we have Been that three internodes were at the 
same time re.olving; and this was the case with most of the plauts 
observe,! by me. With nil, if in full health, two revolved; so 
tll1,t by the t ime one ha,l ceaseel, that above it was in full action, 
with a. tcrmiunl internode just commencing to revolve. With 
Itaya. COI"IIOSO., on the other hand, a depending shoot, 32 inches ill 
length, without I1uy develope,\ leaves, and consisting of seven in­
ternodes (n minute terminal one, an inch in length, being counted), 
continually, but slowly, swayed froni side to side in a semicircular 
course, with the extreme internodes making complete revolutioDs. 
This swaying movement was certainly due to the movement of tlie 
lower i uterllode~J which, however, had not force su.fficient to sw ing 
the whole shoot rotllld the central supporting stick. The case of 
anothel' Asc1epindnceous pl:mt, viz;. Ce1'opcgia Garclnerii is worth 
briefly givi ng. I allo\\'cd the top to grow out almost horizontally 
to the length of 31 inches; this now consistcd of three long iutcr­
nodes, terminated by two ~hort ones. 'rhe whole reyolved in n. 
eDurse opposed to the sun (the reverse of that of the Hop), at rates 
betwecn [j h. 1511\. and G h. 45 11l. for each revolution. Hence, us 
the e.,treme tip made n circle of aboye [) reet (or 62 inches) in dia­
meter and lG reet in circumference, the tip travelled at the ratc 
(nssuming the circuit to hnve been completed iu six hours) of 32 
or 33 inches per hour. The wel1titer being hot, the plaut wns 
allowed to stand 01\ my study-table; ami it was an interesting 



'peclaele to wat.cll the long shoot sweeping; u"ight and day, this 
gra.nd circle in Rcarch of some object round which to twine. 

If we bile hold of It growing sapling, we Call of eourse bend it 
so as to make its tip describe a circle, like that performed hy the 
tip of I' spontaneously revolving plant. By this movement tho 
sa-pling is not in the least twisted round its own axis. I meution 
this hecause if a black point be painted on tho hark, au ti,e side 
which is uppermost whcn the sapling is hent towards tho holder's 
body, as the circle is described, tho black point gradually turns 
round and sinl{s to the lower side) and comes up again when the 
circle is completed; and this gives the false appearance of twisting, 
which, in the case of spontaneously revolving plants, deceived me 
for a time. 'I.'he appearance is the more deceitful because the 
axcs of ncarly all twining-pl""t'" arc really twisted; and th ey are 
twisted in the samo direction wiLh the spontaneous revohing 
morc-meut. '1'0 g ive 1111 iustance, the internode of the Hop of 
which the history hI'S bcen recorded WItS "t first, ns could be seen 
by tho ridges 011 its surface, not iu the least twisted; "but wilen, 
"ftcr thc 37th revolution, it had grown 0 inches long, and its 
r cyolv ing movement had ceased, it had become twisted three 
times rOllud its own axis, in the line of the COUTse of the Bun; Oll 
the other hand, the common Convolvulus, which revolves in an 01'­
posit " course to the Hop, become. twisted in an opposite direction. 

1 [enee it is not surprising that Hugo von Mohl (S. 105, 108, 
&c.) thought th"t the twistiug of the a.xis caused the revolving 
movemcnt . I cannot fully nndcrstaud how the one movement is 
supposed to cause the other; but it is scarcely possible that the 
twisting of the axis of the Hop three times could have causell 
t"hirty-seven " revolutions. Moreover, the revolving movement 
commel1ced in the young internode hefore ""y twisting of the 
"xis could be detected; and the internode of a young Siphomeris 
or Lecontea revolved during several days, and became twisted 
only once on its tlwn axis. But the best evidence that the 
twisting does not cause the revolving movement is afforded by 
IlH11ly lcn.f.climbing and tendrj}.bcal'ing pla.nts (ns PiSU111" sa·tivlUU, 
Ecltilloc,:;stis Zabala , B(rpwnia cap1'colata" Ecc1'clllocarpu~ Icabet·, and 
with the leaf-cli1l1bcr~, Solfl11wn ,j(lsminoides and various species 
of Clell ... ti8), of which the intemodes nre not regularly twistcd, 
but which regul:tTly perform, n.~ we shall hereafter sec, revo}villg 
movements liko those of true twining-plants. Moreover, oceonl­
ing to Palm (S. 30,(5) and Mohl (S. HO), aud L~o,,·, internodcs 
may occasionally, Rml even not very rarely, be found which arc 

• Bull. Dot. Soc. do France, tom. v. 1858, p. 856. 
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twist·ed ill an opposite dtrection to the other internodes on the 
RalllC phmt, and to the eOllrsc of revolntiou j nlld thi!:l, acc.ording 
to Leon (p. :JGG), i8 the caac wit.h nil tho internodo8 of a vl1riety 
of the P/UlSCOZ.MS mult~flO/'1lS. Internodes which havo become 
twisted rotInd their own axes, if they have not ceaRed revolving, 
are still capable of' twining, as I hl1,\"e several times observed. 

Mohl has remarl<erl (S. lll) that when It stem twines ronnd a 
811100th cylindrical stick, it does not become twisted. Accordingly 
I allowed kiduey-benus to run np stretched string, and up smooth 
rods of iron an,l glass, one-third of an inch in diameter, and they 
became twisted only in that degree which follows as It mech,mical 
neceBsity from the spirol winding. The stems, on t.he other hand, 
which had a.ceuded tho ordinnry rough sticks were all more or 
less alHI genernlly much twiRLed. '1'ho innuence of the roughness 
of the support in causing axial twisting was well seen in the stems 
which ~ad twined UJl the gl~ss rod.; for these were fixed in split 
sticks below, und were ~ecllrod above to cross sticks, and thc stems 
in passing t~ese placcs becmnc very much twisted. As SOon 
as the stems which had ascended the iron rods reached the 
snmmit and became frec, the.Y also became twist.ed; aud this ap­
parentlyoccurred more quickly during windy weather. Several 
other facts could be given, sbowillg that the axial twisting stands 
in relation to illequnlitics ill the BlIppOI·t, and likewise to the 
shoot revolving freely witbout any support.. Many plants, which 
arc not twiners, become in some degree tWlsted round their own 
a.xes>l«; but this occurs so much more generally and strong1y with 
twining-plants than wi(;h other plants, that there must be some 
eonnexioll between the capacity for twinillg amI axial twisting. 
'rho most probable view, as it seoms to me, is that the stem hrists 
itself to gain rigidity (on the same principle that a much twisted 
rope is stitre," than a slackly twist.~d one), so as to be enabled 
either to pass over inequalities in itA spiral ascent, or to carry its 
own weight , .. rhen allowed 1:0 revolve fL·ee1yt. 

to me, in l\ Jetter, that in Thuja occidell­
{otis the twisting of bo.rk is very conspicuous. The twist is generally to 
t.he right of the observer; hnt, in noticing (tbout a. hundred trunks, four or fin) 
wel'e obstwved (:0 be t,wist.cd in nl\ opposite direction. 

t It is well known that, stems of many plants occasionally become spil'll11y 
bvistcd in n monstrous mll·nner; Rnd since tho rcnrling of this paper, Dr. 
Max well Masters hns remm'ked to me in a lett.cr that" somo of th~e cases, if 
not nll, arc dependent upon Rome obsLnclc or resistance to their upward growth." 
This conclu!<iOll agl'ees with, and perhnps explains, the normal anal twisting of 
t,,"inillg.plnnt~; but does no!' lwec1udc the twid.ing being of &crvice 00 t.he plant 
nnd giving grcal.er rigidit.y to the stem, 



I hnvo just alluded to the twisting which necessarily follow. 
from the spiral ascent of the stem, namely, one twist for each 
spiro completed. rrhi~ was well shown by pa.inting strn.ight lines 
Oil stems, and theil allowing them to twjue j but, as I sball have 
to recur to this subject nnder Tendrils, it may be here passed over. 

I 11""0 already cOlllpared the revolving movement of It twining 
plant to that of the tip of It sapling, moved ronnd and ronnd by 
the hand hel,l 80me way down the stem; but there is a most im· 
portant din·orcnce. 'l'he upper part of the sapling moves as a 
rigid body, and remaius straight; bnt with twining plants every 
inch of the revolving shoot has its own separate and independent 
movement. Tbis is easily proved; for when tho lower half or 
two-thirds of a long rovolving shoot is quietly tied to a Btick, the 
Uppcl' freo p"rt steadily continues revolving: even if the whole 
.hoot, except tho termiual tip of au inch or two in length, be tied 
up, this tip, as I havo seen in tbe case of the lIop, Ceropegia, 
Convolvulus, &c., goes all revolving, but much more slowly; for 
tbe intern.odes, until they luwe grown to somo 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 
revolution. Now if n coloured 8treak be painted (thi8 was done 
with It large number of twining plants) along, we will 8ay, the 
convex lino of surface, this coloured "trcak will after ll. time (de­
pending on the rate of rm'olution) be found to lie along one side 
of the bow, then along the concave side, then on the opposite side, 
and, lastly, again au the original couvex flurf'ace'. This clearly 
proves th"t the iute'·lIo<.les, during the revolving movement, be­
eOlllo bowed in every direction. 'rh.e movement is, in fae.t, a con· 
tiuuot" sell~bo\Viu!\ of the wbole 8hoot, successively directed to 
all points of the comp""". 

As this 1110\"Cll1ent is rather difficult to under.tand, it will be 
well to give an illustration. Let us take the tip of a 8apling and 
bend it to the south, and paint 11 black line 011 the convex surface; 
then let the sapling spl"illg lip and beml it to the east, the black 
line will theu be seen on the btter.! face (fronting the north) of 
the shoot; bend it to t.he north, the blaek line will be 011 the 
conca.ve surface; bend it to the west, the line will be on tho 
southern lateral face i and whell again bellt to the south, the line 
will again be Oil the original convex surface. ·Now, in~tcad of 
bending the sapling, let UB suppose that the cells 011 its whole 
southern smface were to contract from the base to the tip, the 
whole shoot wonld be bowed to the south; and let the longi~ 
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t\ldinal contmcting surfnce slowly creep round the shoot, desert­
ing hy slow degrees the sonthern side amI encroaching on the 
eastern Bide, a.nd so round by the north, hy the wcst, again to the 
soutb; in this case the shoot would remain always hawed with 
the painted line appearing on tbe eOllvex, on the lateral, and con­
cave surfaces, and with the point of the shoot successively di­
rected to all points of tho compass. In fact, we should then havo 
tllC exact ldud of movement seen in the revolving shoots of twi­
ning plants. I hare spoken ill the illustration, for brevity'S sake, 
of the colis along cach face successively contracting; of course 
turgescence of the cells on the opp08ite face, or both forces com­
bined, would do cqually well. 

It; must not be supposed tlmt the revolving movement of twi­
lling plants is ItS regular as that given in this illustration; in 
vcry llmllY cases the tip describes an cllipse, even a very narrow 
ellipse. To recur Ollce "gaoin to our illustration, if we supposc 
tho southcrn "nd thon thc northcrn face of the sapling to con­
trnci:, tho Rmnmit wonJd describe a simple arc; if the contrnction 
first trayolle,\ a vcry little to the eastern face, and during the 
return" very little to the western face, a narrow ellipse would be 
described; and the sapling would become straight as it passed to 
,,,ul fro hy the centra.! point. A complete straightening of tbe 
Rhoot may often be obsenee\ in revolving plants; but the weight 
of the sboot "])parently interferes with the regularity of the 
movement, "nd with the place of straitening. The movement is 
often. (in appearance "t, least) as if the soutbern, eastern, and 
northern {"ces had contracted, but not the western face; so that 
a semicircle is desoribed, and the shoot becomes straight and up­
right in one pa.rt of its course. 

IVllen " revolving Rhoot; COl,.ists of several ;nternodes, the 
"c"eml lower ones bend together at the same rate, but the oue 
or two termina.l internode.s bend at a slower rate; hence, though 
at times nll the internodcs mny be bowed in the same line, at 
at hcr times the shoot is rendered .slightly serpentine, as I have 
often observed. The rate of revolution of the whole shoot·, if 
judged by tl,e movement of the extreme tip, is thus at times 
"<:cclemted a.lld rct"rded. One ot.ber point must be noticed. 
Au/hor., have obscrved that the end of tbe shoot in many twining 
plants is completely llooked; this is very ge]leral, for instance, 
with the ARclepi,dace",. 'l'he hooked tip, in all the cnses whicJ, 
I ou~erved) vir" in Ce,·opr.g£rr., Spha:rostema,' Clerodcndron, Wis­
im'in, Stfl'i,allin, Akebin, R.nd Siphomcri8, has exactly the same kind 
of movement as t.he other revolving internodes; for a line painted 
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on the C01wex sUl'f,\ce becomes lateral and then concave j but, 
owing t~ th o youth of these t erminal internodes, the rO"crsa] of 
the hook is a slower process than the revolvillg movement, This 
skongly marhor] tendency iu the young terminal and flexible in­
ternodes to hond more abruptly th~n the other internodes is of 
service to t he plant; for not ouly does the hook thus formed 
sometimes serve t o catch a. suppor t, hut (and this seems to ho 
much more important) it causes the extremity of the shoot to 
embrace mnch more closely its support than it otherwise could 
have done, am] thus aids in prevcnting the stem from being 
blown away from it during windy weather, as I have many times 
observed. In Loniccm brac"Jpoila the hook only straightenor] 
itsclf periodically, and uever becallle rel'orscd, I will not ""sert 
that tho tips of all twiuiug planLs, when hooked, maI'o as 0.1301'0 

described; for this position Illay in some cases bo dne 10 t he 
mn,nncr of growth, as wil,h the hent tips of tho shoots of the CO III­
mon vine, and more plainly with those of Oissus discolor; theBc 
plants, however, arc not spiral twiners. 

'rhe purpose of the spontaneolls revolving movement, or, moro 
strict.ly speaking, of the continuous bcndiug movement succos· 
.i,·ely directed to all points of the comp"'"s, is, as Mohl has re­
marked, obviously in pat't to favour the shoot findin g a suppor L. 
This iR admirably effected by the revolutions carried on night nnd 
day, with a wider (\,ud wider circle swept a~ the shoot increa!:les in 
length. But as we now un derstand the nature of the movemellt, 
we can see that., when at last tI,e shoot meets with a support, Lh e 
motion at the point of' cOlltnct is necessarily "rrested, bnt the free 
projecting part goes on ],evolving. Almost immediately another 
aud upper point of the shoot i. brought into contact with the 8UP­

Jlort a.nd is arrested; and BO ollwards to the extremity of the shoot; 
and thus it winds round its support. 'When the shoot followR the 
sun in its revolving course, it winds itself round tho support from 
right to left, the support being supposed to stand in front of tho 
beholder j when th e shoot Tevolvcs in (\,n opposite direction, the 
lino of winding is reversed, As each internode loses from age it. 
power of revolving, it loses its l)owe1' of spirally twining rouml" 
support. Ifa man swings ,nope round his head, and tboend llits a 
sticIr, it will coil roun<\ the stick according to the direction of the 
swinging ropo; so it is with twining plants, the continued contrrw­
tion 01' turgescence of the cell. "long the free part of the .hoot 
replacing the momentnm of each atom of the free end of tho rope, 

All the authors, except Vall Mohl, who have discussed the 
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spiral twilling of plants maintain that such plants have a natura.! 
tendency io grow spirally. lIlohl believes (S. 112) t1mf twining 
stems h:",e a dulll<ind or irritability, so that they heml towards 
allY object which they iouch. Even before rea'ling Mohl's in­
terestiug trClttisc, thi. view seemed to mo so probable that I 
tested it in every wlLy tIm!; I could, hut always with negative 
results. I l'ubbe,l mauy shoots much harder than is necessary to 
excite movement in any teudril or in any foot-staJk of a leaf­
climber, but without result. I then tied avery light forked twig 
to lL shoot of lL Hop, lL Cel'Opegia, Sp/uIJrostema., amI Adhatoda, 
so thlLt the fork pressed on one side alone of the sboot and re­
volved with it; I purposely selected some very slow revolvers, as 
it Bcellled most likely that theBe would profit from possessing irri­
to.bility; but in no ell.R" Wll.H lLny cfl'cct produced. Moreover, 
when a shoot winds round a. support, the movement . is always 
slower, a8 wo shall immediately Bee, thau whilst its revolves freely 
aud touches nothing. lIence I coneludo that twiuing stema arc 
not in·itn.ble; ami indeed it i8 not probable that they should be 
so, RR na.tul'e always cconomjzes her meaus, and irritability would 
be superfluous. N e,·erthele.s I do not wish to ll.HBert that tbey 
3.l'e llever i1'l'itable; fOL' the growing axis of the leaf-climbing, but 
not spirally twining, Lopho,~pcrmu,m scanaens is, as we shall here­
after scc, certainly irritable j but thi8 ea.t's gives me confidence 
that ordinary twiners do not possess this quality, for directly after 
putting lL stick to tho kphosperm"m, I BlLW that it behaved 
differently from any true twiner or any other leaf-climber. 

l'he belief that twiners have a natnral tendency to grow spirally 
probably arose from their a"suming this form when wound round 
a support, aud from the extremity, even whilst remaining free, 
fl.ometimcs assuming t.his same form. The free internodes of 
vigorously growing plaut.s, when they cease to revolve, become 
Rtraight, and show no t.eudeney to be spira!; but, when any shoot 
has nearly ceased to grow, or when the plant i& unhealthy, the 
extremit,y docR occasiona.lIy become spiral. I have seen this in a 
remarkable de~ree with the encls of tbe shoots of the Stauntonia 

a,nd of the allied Akebia., which became closely wound up spirally, 
just like lL tendril, eRpecilLllyafter the small, ill-formed leaves bad 
perished. The explanlLtion of this fact is, I helieve, that the 
lo\\'er parts of such terminal internodes very gradually 'and 
~u('.ce8sively lose their power of movement, whilst the pqrtiollS 
jl1st a,hove move onwards, nond in their turn becomo motionless j 

ll.nd thls ends in forming an irregllla'r spire. 
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When a. revolving ahoot 3b'lkc3 a. stick, it winds round it rat her 
more elowly than it revolve~. }'Ol' instn,nco, n. shoot of the Oarl) ­
JH!!Jia took D h. 30111. to make 0110 eomplete ~p ire round a stiek, 
whil~t it revolved in (j h.; A1'islolocltia gigas l'm'ol\'ed ill about u h., 
but took !J h. 15 m. to complete its "1'i ,·e. Tbis, I presumo, i. uue to 
the coutinueu disturb:tuce of the moving forco by ita arrestment 
at eacb successive point; we shaU hereafter seo that evcn shak ing 
It plant retards the revolving movement. The terminal internodes 
of a long, much-incliued, revolvillg sboot of the a"'opcgia, after 
tbey had wound round a stick, always slipped np it, so as to 
render the spire morc opell tha.n it wa.s a.t first; and this was 
evidently due to the force which caused the revolutions being 
now almost freed fro 111 tho conatmiut of gravity, and allowed 
to act freely. -With the JVistm'ia, Oll tI,o other hand, It long 
horizollL .. 1 shoot wound itself Itt first ill a very close opire, which 
remaiued unchanged ; but subsequently, as the shoot grew, it 
made a much more open Apire. -With all the mauy plant. which 
were allowed freely to ascend" Bupport, t1,e terminal internodes 
llIacle at first a close spire; and this, during windy weather, well 
servcd to keep tho shoots in contact with their support; but as 
the penultimate internodes grew in length, they pusbed them­
selves up for It considerable space (ascertained by coloured mltrka 
on the shoot and on the support) round the stick, and the spire 
bern.me more opeu. 

It follo\\-. f"om this bttet· fad that the pooition occuJlied oy 
each leaf wit·h l'espect to the support., ill fact, depends on the 
growth of t.he internodes after they ha,e becomo spirally wound 
round it. I mention this on account of an observation by ralll1 
(S. :34), who states that the opposite leaves of the Hop always 
st.l\ud c,"cUy o,-er each other, iu '" row, Oil the same sido of the 
supporti ll!; stick, though this may dift"r in thickness. My BOllS 

visited a hop-field for me, and reported that though they gene­
mlly found the points of insertion of the leaves o,er each other 
for It space of two-or three feet in height, yet this never occurred 
up tho whole length of .. pole, the point of insertion formiug, a" 

might have been expected, an irregular spire. Any irregularity 
in tho p"le entirely destroyed tbe regnlarity of position of the 
leaves. From casual inspection, it appeared to me that the op­
posite leaves of T"-u7Ibergia alata were arranged in a line up the 
sticks round which they had twined; accordingly I rl\ised a 
d07.en plants, and gl1ve them sticks of ... rious thicknesses antI 
striug to twin e l'ollud j ana in this case one alon~ out of the 
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dozen had its ]en.vcR nrr:Ulgcd in n. perpendicular line: so I COl1~ 

chHle that l·hcre is nothillg rcm:uJmble jJl PrI.lm's sraternCl1t. 
'rhe Ic~ves of twining-plants rise from the stem (before it I'DS 

twined) either rdtCTllateiy, or oppositely, or in a spire; in this 
htter case the line of' i,wertion of the leaves and the course of 
revolution or of twjning coiucidc. This fact has been well shown 
by Dutrochet *, who found different individnals of Solanum Dul­
camara twining in oppo~ite rlircctions, and these had their leaves 

arra.nged in opposite flil'cctiolls. A dense whorl of many' 
would app:u.'cntly be incommodious for a twining plant, 

.tnd gome u1t1hol's ha.vc supposed that none ha"e their leaves 
thw~ nrr:\11gcfl; but a. twining 8~)ho1neTi81)as wllorls of three. 

If a stick which has arrested a revolving shoot, but has not as 
ycL heen wOnJl(ll'nllnd, he suddcnly t.a.ken n,way, tho shoot gcne~ 
l"a.lIy sp"ings forwn..rrl, showing that it has continued to press 
agaill8t ti,e stick. If tho stick, shortly after having been wound 
]"01111(1, be withdl'awll, thf~ shoot retains for ::t time its spiral form, 
l.lif'1l straigliLclJH ii".Kclf, and again commences to revolve. The 
long, much-indilled shoot of tl,e Ocropegia previously alllldcd to 
ofre-rcd some curious peculia.rities. ~'he lower and older il1ter~ 

nodes, which cOlltinllcd to revolve, had become so stiff that they 
were iucn.pable, on repeated tri:l.ls, of twining round a. thin stick, 
Rhowing . that the powe1' of mO"cment was retained after flc:d· 
hitity Imll been lost. I t.hen moved the stick to a greater di.· 
tance, so that, il; was struck by a IJoint 2! iDehes from the extre~ 
)l1jty of tho penultiuHtt.e iut.ernode; and jt was then neatly wound 
rouLlll by this part and by t.he ultimate internode. After leaving 
the spirnlly \Hlunrl 8booHor eleven honrs, I quietly withdrew the 

"ntl in the course of the day the curled part straightened 
a.nd recommenced rc\'olving; but the lower and not curlecl 

portion of the pCllult.il11n,te internode dill not move, It sort of 
hinge sqml'n.ting the moving and the motionless part of the same 
internode. After a few day", however, I found that the lower 
prl.rt of thil':t internode hau Jikewise recovered its revolving power. 
l'''c8e several fads show that, in the arrested portion of a re­
Yohing shoot, tl,c POWCl' of movement is not immediately lost, 
n"d that when tel11l'ornl'ily lost it cn11 be recovered. When a 
f5hQot has remained for a. c.oDsiderable time wound round its 
f;llpport, it pcrmancnt.Jy l'eta,ins its ~piral form even when the 
support is rCJnm·ed . 

.. Cornplcs Rr.ndu8, 181+, 10m. xix. p. 295, f:\nd Annales des Soc. Nat. 
3rd series, Dolo, Imn. ii. p. 1G3. 



1:) 

When a stick was placed 80 as to arrest the lower and rigid 
internodes of tho Ceropegia at the distance at first of 15 anll 
then of 21 inches from the centre of revolution, the shoot slowly 
and grad\lally slid up the stick, so as to become more and morc 
highly inclined j and then, n.fter an interval 8ufHcicnt to have al~ 
lowcd of a semirevolution, it suddenly bounded from the stick 
and fell over to the opposite side, to its ordinary slight inclina­
tion . It now recommenceu revolving in its usual courso, so that 
after a semirevolutioll it again came into contact with the sticl{, 
n.gain slid IIp it, und again bounded from it. This movement 
of the shoot had a very odd appearance, as if it were disgusted 
with its failure but resolved to try again. We shall, I think, 
nnderRt:t1ul this movement by considering the former jIlustration 
of the s:tpling, ill which the contracting fHll'fnco was 8npposcd to 
creep from tho southerll, by the eastern, to the northern, and 
theuce back again by the western side to the southern face, sue· 
cessimly bowing the sapling in all directions. Now with tho 
C,,·opcgia, the stick being placed a very little to the east of dn" 
south of the plnut, the eastern contraction could pro(lnec no 
elrcd beyonu. pressing the rigid intcrnode against the stick; but 
as soon as the contraction on the northern facobegan, it would 
slowly drag the shoot up the stick; and then, as soon as the 
western contraction had well begun, the shoot would be drawn 
from the stick, and its weight, coinciding with the north-western 
contraction, would canse it suddenly to fall to the opposite si(le 
with its proper slightly inclined positiolls; and the ordinary 
revolving mo\'ement would go au. I have described this case 
becanse it first made me understand the order in which the cou­
tracting or turgescent cells of revolving shoots must act. 

The view just given further expl:1ins, as I believe, a fact ob· 
served by Yon Mohl (S. 135), namely, that a revolving shoot, 
though it will twine round au object as thin as a thread, cannot 
do so round a thick support. I placed some long revolving shools 
of n. Wistm"ia close to n. post between 5 and G inches in dinmetcr, 
but they could not, though aided by me in many ways, wind 
round it. 'fhis apparently is O\\'ing to the flexure of tho .11001·, 
wheu winding round an object so gently curved as this IJost, not 
being sufficient to hold the shoot to. its place when the eOll­

tracting force creeps round to the opposite surface of the shoot; 
I'D that it is at each revolution withdrawn from its support. 

\Vhen a shoot has grown fa.r beyol,,1 its support, it sink. (Iown­
wards from its weigh I;, as alrc:tdy explained in the m"e of the 
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Hop, with the revolvio/( eud always turning upwards. If the 
""l'port be not loft,y, it fall, to the gl'ound, I\nd, resting thero; the 
c:.d.remir,y rlf;cFl again. HOlllctimcs stwernl Rhoot8~ when flexible, 
1o,,' ioo together ioto a "",ble, aIH\ thus ~upport each other. Single 
t.hiu depellding .hoot8, 8uch as those of the Sollya Dru'n1ItOt!dii, 
\Yill turn abruptly back and wind upwards 011 themselves. Th~ 

DumbOl' or the depending Rhoots"howevcr, of one twining 
the IIibbert;" dell tala, showed but little tendency to turn 

llpwn.rds. III n\;hcl' eases, as with the Gr,1Jptostegin .fP'dndijlora, 
!l(wp-ral internodes whil'h n.t; firRt were flexlblc and Tevolycd, if 
U1(:Y dirl not Rucceed in twining rouud a Bupport, became quite 
rigirl, nud, Bupportillg tlielllf:l:clvt's llpright, carried on their summit 
the younger .1'm--olving illternodes. 

Hcre ",ill be a convenien!; placo to givo '" Tablo showilJg the 
direction und l'ate of lI10rClIlcnt of several twining plants, with a 
lilw a.ppended l'enm.l'ks. ~rhcse plants are nrrn.ngcd "according to 
Lindley" 'V cg","blo Killl«lolll' of 1853; (Lud they have been 
,cicci cd fl'om"1I pad" of the aerics to show that nil kinds behave 
ill n. Ilc:1.l'ly unifol'm m:1nner*. 

Twining plants not aided by lendrils or by irritable leaf-stalks. 

(ACOTYLP.DONS.) 

Lygodi1L1n scand::l:~Polypodincero) moves ngainst the 8U~1 .. m. 

Jnnc18,lstcircle60 . (ing).!JllhC19,41.hCircle5 o (veryhotdny). 
" 18, 2nd 11 6 15 (Int.e 111 even- Ii 20,6th 1I 6 0 
" 19,3ru " 6 32 (vcrs hot. day). 

L.1Jllorliwn articll:'~{:::~ moves ngninst the 8un. h. m. 

J lily 19, 1st circle 16 30 ("hoot vcry I July 21, 3rd circle .. " 8 0 
" 20, 2nd " lG 0 (young). " 22, 4th II ..... 1030 

(MONOCOTHEDONS.) 

RIISCUS ml(lrop!/II1/ ,t (Lilincc-Il.'), phlced in t.he bot·houec, moves against the Sun. 
h.m. h. m. 

May 24·, 1st cil'clc r, 14 (shoot very :May 26, 5Lh circ1e ..... 2 50 
" 25, 2nd " 221 [young). I, ~7, 61.h II' ... _ a 52 
" 25, 31'(1 " a 37 )) 27,7th jj • •• 4 11 
" 25,4th )J 322 

it- T am mneh illflebled to DI'. Uooker for having sent me many plante from 
Kcw; find t.o Mr. Veiteh, or the Royal Exotic NUTF;C1'Y, for having generously 
given me 1\ In.rgc collecl.ioll of fine specimen.s of climbing plants. Professor Asa 
Gray, 1'1'01. Olit'I']', and Dr. JTook ~r have nfforded mc, as on nllmy previous 
occasions, much information and mRny vAluabJe refl"renccs. 
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(MONOCOTTl,EDONS, continzted.) 

A8par(1!lIl,~ (unnsDlc(1 specics from Xcw) (LiliRccre) mOTes ngninsL l,hc SUIl, 
placed in llOthoU8C, 

Dec. 26, 1st circle ....................... . 
" 27,2nd " 

h, m. 
5 0 
540 

Tamu$ communis (DioscOI'Cflccre). A young shootfrom n. pol ted tuber pInced 

in (,he greenhouse; follo\l"S th:. :~n. h. m. 

July 7, ht. ('il'(-:1c .... 310 July 8, 4th circle ..... 256 

" 7,211d " ... 238 H 8,5th H .... 230 
" 8, 3rtl " ...... 3 5 " 8, 6th" 2 30 

Lapage1'ea "osea (Philr5incc~~.' ~~ greenhouse, follows t.he ~Ull. 

MIll'clt 9, 1st circle .... 26 15 (~hoot young). 
" 10, !I('.micircJe... 815 
" 11, 2nd circle,. . 11 0 
" 12,31'd" . 1530 
" 13, ~th " .... . 1415 
" 16,5th 11 810 when placed in t.be holhou!l-c; but the 

next day the 61100t remained At.at.ionary, 

RO.r:lHO'gltift ' Jiridijlo ra (Roxburghineero) moves ngainst the sun; it lrnvelled 
a circle ill about 24 hours, 

(DICOTYLEDONS.) 

IAmulus{Url.icne,·rel follows the sun. 
1 .. m. 

April 9,2 circles August 14, 6th circle ..... 2 2 
Aug. 13, 3rd circle... 2 0 " 14, ~f.h" . 2 0 

11 14, 4th" .... 2 20 " 14.,8th " , ..... 2 4 
" 14,5th " ..... 216 

A pInnt plnccd in a room; a s('.micircIc was performed in traveJling fl'om tlle 
light in 1 h. 33 m., in t.ravellin3 to t.he light in 1 h. 13 Dl.: ·diO'ereneeof rat,o 20 m . 

.t1kebia quinata (Lal'c1izababcere), placed in hothouse, moves againsL the 

Bun. h. m. I 
March 17, lst circle 4 0 (shoot 

I) 18,2nd " 1 40 [young). 

h.rn. 
March 18, 3rd circle,... 1 30 

" 19,4th " ..... 1 45 

Sta.1tU10llia latifoUa (Lardizahalaeere), placed in hoLbom:c, moves against 
t.he sun. h.l1I, 

:March 28, 1st circle.:, 3 30 

" 29, 2nd " a 45 

S}Jl/{(>1'o.~f.e.t1!a 1lUtrmOl'otum (Schizandrnccre) follows the sun, 

A ugmt 5th, 1st circle' in about: 2~ h.: 2~ld:cirCle in ]8 h. 30 m. 

Slephrrl'lia ,·ol1tnda (Meni8p~rlJ:1nCere) moves ngainst. the sun. 

h
5
· '5n • I h. m. May 27, 1st circle .... . June 2, Bl'tl circle ...... r, 15 

" 30,2nd " 7 6 " 3, 4t.h " ..... 6 28 
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(DrCOTYT,EDONS, continued.) 

Th1~lJaliis bf"ach.'lstach'!Ft (Mn-lpighiacere) moves against the sun: one shoot 
HUHle a circlc in 12 h., Dud onoUler in 10 h. 30 ID.; but the next day, which was 
Illuch colder, Lhe fir€t ehoot in my study took 10 h. to perform only a. Bcmicirclc. 

Hibberth" dent«ta (Dilleniaccro), placed in thc hothousc, followed tho sun, 
lind mode (]\fny l81.h) n cil'clc in 7 h. 20 ro.; on the 19th, revCTsed its COUTBe and 
moved against the sun, nnd made n circle in 7 h.; on t ho 20th, moved against 
Ihe sun one-t.hird of circlE", and then stood st.ill i on the 26th, followed the sun 
fo r two-thirds of circle, l\utI then returned to its sta.rting-point, taking for th i!! 
double course 11 h. 406 m. 

SoNya IJrlf1J1.1nondii (Pittosporocere) moves against the sun j in greenhouse. 

hm I ~~ April 1·, 1st, circle i 2G [day.) April 6, 3rd circle ..... 625 
" 5, 2nd )J 8 0 (very cold II 7,4.th " .. '" 7 5 

l'0Ztl.'lOllff-Ul flumel onon (Polygonn.ccro). This cose is Loken from Dntrochct 
(p. 299), os I observed 110 nllicd plnnt i (ollows the sun.. Three shoots cu~ off 
rnH I plnced in wa!.cr made circles in 3 h. 10111., 5 h . 20 m ., nnd 7 h.l!> n1. 

Wi.ttaria Clrine1l-s;s (Lcgumino.!lre) , in greenhouse, moves ngninst tho sun. 
h. m. h. m. 

May 13, 1st circlo . ... 3 5 May 24, 4·th circlo ...... 3 21 
" 13,2nd " ...... 320 H 25,5th 11 •• 237 
" 16,3rd" ... 2 5 " 25,6t.h" .. 2 35 

Phn.teobls llltlgar;.'! (Lcguminoerc), in greenhouse, mo;~s ;~ainst the BUll. 

l\fay, 1st circle . . 2 0 

~, 2nd " 1 55 
" 3rtl IJ ••• 1 55 

Dipladellia nropn,ylla (Apocynacere) moves against tl~~ ~~1. 

Apl'illS, lst circle. ..... 8 0 
" 19,2nd " 915 
" 30, 3rd " 9 40 

Dipladenia rrassinoda mo\'os ogninst tbe SUIl. 

h . m. 
May 16, 1st circle.. .. Y 5 
~r\1ly 20, 2nd " 8 0 

" 21,3rd " 8 5 

Ceroppgia Ganlllerii. (Asclcpindoccre) moves ogainst the 8uU . 

h.rn. 
Shoot, very young, 2 inches in length. 1st circle' in 7 55 
Shoot still young . 2nd 7 0 
JJOng shoot . . . • . Brd )1 6 SS 
Ijong e.hool . . . . •• • • 4th " 5 15 
Long shoot . • . 5t.h " G 45 

Slryhft.1lQlisJlodbu.nda (A!l.c1cp indacerc) moves against the SUll) and made a 
circle in 6 h. 40 m' l a second circle in about 9 hours . 
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(DICOTYLEDONS, continued.) 

Boga carnO$a (Asclepiadacere) made several circles in from 16 h. to 22 h. 
or 24h. 

Convolvulus major (Convolvulaccre) moves against tho 6un. Plant plnccd in 
room with lateral light. 

1st circle ... 2 h. 42 m. {SC~~~il;~e:n.f;O:£fe~~~ ~~ ~.h. 14 m" to light 

2nd circlo ... 2 h. 47m. {Se;~~i~c~c~.~ro:fI'c~~J~ ~~ ~.h. 17 m" t,o light 

CQnvolmtlll.s sf-pittm (large·Uowcrcd cultivated val'.) moves agarnst the sun. 
Two Oil'clcs, each in 1 h. 42 m.: difference in semicircle from and to light 14 m. 

Ipo1llmajucunda (Convolvulacero) moves against the sun, placed ill my study, 
with windows facing the north-cast. W cather hot. 

1st circle 5 h. 30 m. . ..... {SC~I~~.ir;}l~. :r~~~c~~:; SUI:. :~l~n~O m'l f.o light 

. n . 1 Seullclrcle, from light Ul 8 h. 60 Ill., to JlghL 
2nd circle 6 h. 20 lD. (Lnt.o} . . .. . . 

;~c~d:r;~O;.:40c:'Cp~M~)om- 1 h. 30m.: dilI'crence2h. 20m. 

W c llave here 0. remarkable instance of the power of light; in ret.nrding and 
hMtening the revolving movement;. 

Rivea tilit:efoUa (Convolvulacere) move!! against; tho aun, and made four revo­
lutions in 9 h. j so that each, on average, was perfonned in 2 h. 15 m. 

Plumbago rosea (Plumbaginacere) followa the !lun. The shoot; did not bcgin 
to revolve until nearly & yard in height; it then made 8. fine circle in .10 h. 45 m. 
During t.he next few days it continued to movo, butirregul8.rly. On August 15th 
the ahoot foUowcd, during 0. period of lOh. 4()m., n. long and deeply zigzag COllnlO 

and then made 0. broad ellip8c. 'I'he figure thus trnood o.ltogether apparently 
represented three ellipses, each of which averaged 3 h. 33 m. for ita completion. 

JasminumpauciJlorum, Bentham (Jasminaccre), moves against the sun. Fin;t 
circle in 7h.15 m., sccond circle ratber morc quickly. 

Clerodendrutn Thomsonii (Verocnacere) follows the sun. 
h.nl. 

April 12, 1st circle ...... 545 (shoot very young). 
II 14, 2nd " ...... 3 30 
" 18, 8emicircle ...... 5 0 (directly after the plant was shaken in 
" 19, 3rd circlc ..... 3 0 [being moved). 

" 20, 4th " .. 420 

Tecoma jasminoidcs (Bignoniaccre) moveB against Bun. 
h. m. 

Mnt'ch 17, 1st circle 6 30 

" 19,2nd" 7 0 I 
h.m. 

March 22, 3rd circle 8 30 (very cold 

" 24,4th " 646 [d.y). 

Thunbergia alala (AcanthRce&) moves against sun. 

h.m. 
April 14, let circle 3 20 

" 18, 2nd " 2 50 I 
h.m 

April 18, 3rd circle 2 65 .[noon). 
" 18,4th " 356 (la.to m after-

Adhadota c!Jdon(fJfolia (Acant.iHlcl're) follows f.he sun. A young shoot made 
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(DIOOTYLElJONS, continued.) 
n semicircle in 24 h. j 8t1b~equcnt1y made a eircle in between 40 h. and 48 b. j sub­
sequently did not complete a circle in 60 h. Another shoot, however, made ll. 

circle in 26b. 30m. 

Mikania scandeJt.<; (Compositre) moves against the sun. 
h.m. 

l\itll'eh 14, ht circle 3 10 
" 15,2nd " 3 0 
" 16,31'(\ JJ 3 0 
" 17,4th 333 

Apl'il 7,5th " 250 

7, 6t.h " 2 'W { tl':~~:~~~ :7t,::!~ a:~; ::~~o:t;!~~ntionnl 
Comiwellim (fI"!lCIIf.Clfllt (Colllbl"ClIlCCro) moves against the sun . 

• Tan. 24" 1st circle ; 55 {Et~~~~~~~~!~~~w~:~~~l:~:E:;I:~ 
Cl:~~: . :I.t .. ~I.'~ } ~ :~ 

225 

Combl'etu.1n pur-pureum revolves not quite 80 quickly as C. Mgentewn. 

Loasa attralltiaca (Loo@o.c:~~. First plant moved. against the sun·
h
. m. 

Junc 20, lat circle 2 37 June 21, 4th circle.. . 2 35 
" 20, 2nd" 2 13 " 22, 5th " .... 3 26 
" 20, 3rd" 4 0 II 23,6th " .. ... 3 5 

ScC'..ond plant followed the sun. 
,Tuly 11, 1st circl~ 

n ll,2nd " 
" 11,3rd Jt 

" 11,4th lJ 

" 12,5th " 

i' 5'i} 
i!~ Very hot day. 

148 
2 35 Cool morn~ng. 

SC!Jpha.nlhus elegans (LoM:~~ follows the eun. h. m. 

June 13, let cil'cle .. 1 4-5 June 14, 4th circle. , .. 1 59 
" 13,2nd" 1 17 " 14,5th " ...... 2 3 
" 11,3"d" 1 36 

Siplwm.eris or .De.contca (unnamc:.spJ, (Cinchonacetc) follows the SUD. 

Moy 25, semicircle 10 27 (shoot extremely young). 
" 26, ls't, circle 10 15 (shoot ptill young). 
" 30,2nd " 8 65 

.Tunc 2, 3rd Jl 8 11 
.,6,1th " 68 

:: ~: ~~~: :: ~ ;~} ~l'a~e: ~:~:nt~: :;h::::nd placed 
~l[a/l.f'Uia bicofOJ' (Cillchonnccre), young plant, follows the sun. 

h. m. 
cu·cle .... " . . . , ............ ", 6 18 

.... 653 
..... " ." .... " ..... 6 30 
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CD [eOTYI,EDOIlS, continued.) 
LOIL;eel'a brach.ypoda (Caprifoliacero) follow8 the sun, ill a warm "('IOIll in 

the house. h. m. 
April, 1st. cil'cIe about 9 10 

" 2nd" ,,12 20 (IUloLhcr shoot very young). 
" ani .. 780 

{

Ill thislaU,er circle, the semicircle frolll,lhe 
" 4(.h n ,,8 0 light. took 6 h. 23 m., and to t.he light 

2 h. 37 m.: difference 2 h. 46 ru. 

Ari.slolocltia gigas (Al'islolochiaccre) moves against. t.ho 8un. 
h.rn. 

July 22, 1st circle ........ 8 0 (rat.her young shoot) . 
" 23, 2nd u 7 15 
" 24, Srd " 5 0 (about). 

Tn Lhcforegoing table, which includes twining phnts belonging 
io a.s widely diffCl'cnt oruers fiS is possible, \ve see that the C0I1-

tra.ction or turgescence of tho cells circulatiug round. the nxis, 011 

which tho revolving movement depends, differs much iu rato. As 
long as u. plant remaius under the same conditions, the ra.t.c is 
often rcma.rlmbly uniform, as we see with the H .op, lIfika1lia, 
Phaseolus, &c. The Scyphanthus made one revolution in1 h. 17m., 
and this is the quickest rnte observed; but we shan afterwards 
see" tendril-bearing Passinora revolving even more rapidly. A 
shoot of the Akebia quinata made a revolution in 1 h. 30 m., and 
three revolutions at the average rate of 1 h. 38m.; a Convolvulus 
made two revolutions at the average of .1 h. 42 m., and PhaseoluB 
vulgaris three at the average of 1 h. 57 m. On the other hand, some 
plants take 24 h. for a single revolution, and the Adltadota some­
t imes required 48 h .; yet this latter plant is an efficient twiner. 
Species of the Same genus move at different rates. The rate does 
not seem governed by the thickness of the shoots: tbose of the 
Sollya arc as thin and flexible as siring, but move slower th,m the 
thick ""d fleshy shoots of the RU8CUS, whicb seems so little fitted 
for movement of auy hind; the shoots of the Wistaria, which be­
come woody, move faster than those of the IpomdJa or Thlmbergia. 

,Ve know that the internodes, whilst very young, do not ac­
quire their proper rate of movement; hence several shoots 0 11 t he 
same plant may sometimes be seen revolving at different rates. 

The two 01' three, or even morc, internodes which a.re first formed 
"bove the cotyledons, or above the perennial roolrstock, do not 
move; tlwse firslrformed .hoots can support themselves, and 
nothing superOuous is granted them. 

A greater number of twin ers revoh'e in a course opposed to 
that of the SitU, or to Uw bauds of a watch, than ill tllC reverscd 

e2 
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course, and, consequently, t.he majority, as is well known, nscclld 
their supports from left to right. Occasion,,]]y, tbough rarely, 
plants of the same order twine in opposite directions, of which 
Mohl (S. 125) gives a case in the Leguminosre, and we have ill 
the table another in the Acauthacere. At present no instance is 
known of two species of the same genus twining in opposite di­
rections; and this is " singular fact, because different individuals 
of Sollm"", dulcamara (Dutrochet, tom. xix. p. 299) revolve and 
twine in both directions: this plant, however, is a most feeble 
twiner. Loa8a anrantiaca (Leon, p. 351) offers a much more 
striking case: I raised seventeen plants: of these eight revolved 
ill opposition to the SUIl, and ascended from left to right; five 
followed the SUIl, and ascendcd from right to left; and four re­
volved "ud twined first in one direction, and then reversed their 
course·, the petioles of the opposite leaves affording " point 
d'app"i for the reversal of the spire. -One of these four plauts 
nmde seven spiml tums from right to left, and /ive turns from 
left to right. These individuals of the Loasa are interesting, as 
showing how almost every change is effected most gradually. 
For another plant in the same family, the &yphantllU8 elegans, 
habitually twines in this manner. I raised many plants of it, and 
the stems of aU took oue turn, or occasionally two or eveu three 
turns in one direction, ItDd 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 I not seen 
this case, I should have thought its occnrrence most improbable. 
It eoald hardly occur with any plant which .RScended above a few 
feet in height, or which lived in an exposed situation; for the 
stem could he easily pulled from its support with little unwinding; 
nor could it have adhered at all, hltd not the internodes soon be­
come moderately rigid. '''ith leaf-climbers, as we shan soou see, 
analogous cases frequently occur; but these present no difficulty, 
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 short space, in IpomaJa jucunda; but frequentry with Hib· 
bertia dentata. This pl"nt at first mueh perplexed me, for I con­
tinually observed its long and flexible shoots, evidently well fitted 
for twining, make a whole or half or quarter circle in one direction 

.. I rnised nine plants of the hybl'id Loa.ra Herbertii, and six of thoBe 1'C­
'rcl'scd their 8ph'e in nsecllclins their supports. 
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and then in the opposite direction; conseqnently, when I placed 
the shoots near thin or thick sticks, or stretched string, they 
seemed perpetually to he trying to ascend these supports, hut 
failed. I then surrounded the plant with a mass of branched 
twigs; tbe shoots ascended, and passed through them, but 
several came out laterally, and their depending extremities sel­
dom turned upwards as is usual with twining plants. Finally, 
I surrounded another plant with many thin upright sticks, and 
placed this plant near the other plant with the twigs; aud now 
the Hibbertia had got what it liked, for it twined up the parallel 
sticks, sometimes winding round one and sometimes round several j 

and the shoots travelled laterally from one to the other phmt; 
but as the plants grew older, some of tbe shoots twined regulnrly 
up a thin upright stick. Though the revolving movement was 
sometimes in one direction and sometimes in the other, the twi­
ning was invariably from left to right; so that the more potent 
or persistent movement of revolution must have been in oppo­
sition to the conrse of the sun. It would appear that this Hib­
bertia is adapted to ascend by twining, and to ramble laterally over 
the thick Australian scrub. 

I haye described this case in some detail, because, as far as I 
have seen, it is rare to find with twining plants any especial 
adaptations, in which respect they differ much from the more 
highly organized tendril-bearers. The Solanum dulcamara, as we 
sh",11 presently see, can twine .only round such stems as are both 
thin and flexible. Most twining plants apparently are adapted 
to ascend supports of different thicknesses. Our Eriglish twiners, 
as far as I have scen, never tw-inc round trees, excepting the 
Honeysuckle (Lonicera periclymenum), which I have observed 
twining up It young beech-tree nearly 4t inches in diameter. 
M.ohl (S. 134) found that the Phaseozusmultijlorus and Ipomd!a 
purpurea could not, when placed in a r.oom with the lightentCl'ing 
on one side, twine round sticks between 3 and 4 inches in dia­
meter; for this interfered, in It manner presently to be explained, 
with the revolving movement. In the open air, however, the 
Phaseolus twined round a support of the above thickness, but 
failed in twining round one 9 inches in diameter. Nevortheless, 
some twiners of the warmer temperate regions can manage this 
latter degree of thic1me.s; for I hear from Dr. Hooker that at 
Kew the Ruscu.~ alldrog!l'ltus ascends a coluUln 9 inches in dia~ 

meter; and although a 1Vistaria growlI by me in a sinall pot t.ried in 
va.in for weeks to get TOll11d a pQ!.~t bct.wcen 5 and G inches ill 
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thicl(ll(,R~, yet :l,t Kew a pl;mt ascended n trunk above G in ches ill 
diameter. 'rhe trop ical twiners, on the other halld, can Mcenc1 
!:hick trces. I hear from Drs. Thomson and Hooker that this is 
t,he cmlC with the Butea parvijlo1"a, one of the Menispermacero. 
ami with some Dal"ergia~ and other LegulI1 inosre. This power 
would evidently be almost necessary for twining plant. inhabiting 
tropical forests, n .• otherwise they could hardly ever reach the 
ligh t. In our temperate couutries twining plants which die down 
every yeM to t he root wonhl sufie r if they were enabled to twine 
round trun k. of trees, for they could not grow tall enough in a 
siugle season to reach the summit and gain the light. 

By what mennR some twining plnnts nre adapted to ascend ouly 
thin stoms, whilst others can twine round thick trees, I do not 
kuo\\' . It appeared to me probable tl",t twining plnnts with very 
long remlviug shoots might be nble to ascend thick supports; 
nccordin gly I placed CCI'ol'eqia G,.,.dnerii nenr a post G inches in 
dialllef'.cr, but tbe .hoots entirely failed to wind round it; their 
leng! h aud power of movement apparently serving merely to find 
some distant but th in stem round which to twine. The Sf"aJro­
stcm11la manno1'al u/1n is a vigorouR tropical twiner, and as it is a 
very .Iow revolver, I thought that this latter circumstance might 
aid it in ascending It thick support; but though it was able to 
Willd round the {i-inch post, it could do this only on the same level 
or plaue, and could not ascend ill a spire. W e c.ao, however, aee, 
in accordauce with the views previously explained, that a re­
volving shoot, which, after comi ng iuto contact. with any Bupport, 
quickly lost its power of movement, would not again be drawn 
away from its support by the returning or opposite movement, 
and therefore remaining in contact with it, might thnB ascend 
a thick support. Dut whether this slight difference in retaining 
for some time or in quickly losing the power of movement after 
com ing into contact with a support alOlle determines how thick 
an ohjcct the stem cau ascend I do not know. 

As ferns diller so much from phanerogamic 1'1 nuts, it may be 
worth while here to show that twining fern. act in no respect 
<lilfere.ntly from other twining plants. In Lygodium articulatum 
t.he two internodes first form ed ahove the root-stock did not move; 
the third from the grounn revolved, and at first very slowly. This 
species is a sJ ow revolver : but L. 8candens made five, revolutioDs 
at an ""erage rate of 5 h. 45 m.; and this represents fairly well the 
Hsual rate, taking qnicl{ a,nd slow movers, amongst phanerogamic 
plnnts. The l'ate was nccelerat.ed by increRsed tempemture. The 
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two young upper internodes alone moved. A line painted along 
the surface of a revolving internode which was at the time convex, 
became first lateral, then concave, and ultimately convex again. 
Neither the internodes nor petioles are il'rit.able when rnbbed. The 
movement is in the more nsual direction, namely in opposition to 
the course of the sun; aud when the stem htu! twined round a thin 
Btick, it becomes twisted on its own axis in the Bame direction. 
After the yonng internodes bave twined round a Btick, their COil. 

tinued growth causes them to Blip a little upwards and onwards. 
If the stick be soon removed, the internodes Btraightell themBelves, 
aud recommence revolving. The extremities of the depending 
Bhoots turn upwards, and twine 011 themBeives. In all theBe reo 
spects we have complete identity with phanerogamic twining 
plants; and the above ennmeration mny serve as a Bnmmary of 
the leading characteriBtics of common twining plantB. 

The power of revolving depends on the general health and 
vigonr of the plant, as htu! laboriously been shown to be the case 
by Palm. But the movement of each separate internode is BO in­
dependent of the others, that cutting off an upper one does not 
affect tbe revolutions of a lower one. When, however, Dntrochet 
cut off two whole shoots of the Hop, and pl:tced them in water, 
the movement was greatly retarded; for one revolved in 20 h. and 
the other in 23 h., whereas they onght to bave revolved in between 
2 h. and 2 h. 30 m. Cut shoots of the Kidney-bean were similarly 
retarded, but in a less degree. I have repeatedly obBerved that 
c"rrying a plant from the greenhouse to my honse, or from one to 
anotber part of the greenhouse, always stopped the movement for 
a time; hence I conclude that naturally exposed plants would 
not make their revolutions during stormy weather. A decrea~e 
in temperature always caused a considerable retardation in the 
rate of revolution; but Dutrochet (tom. xvii. pp. 994, 99G) has 
given such precise observatiolls on this head with respect to the 
tendril-bearing Pea that I lleed say nothing more. When twi· 
ning plants are placed near a window in a room, the light in some 
cases haB a remarkable power (as was likewise observed by Du­
trochet, p. 998, with the Pea) on the revolving movement, but 
different in dcgree ,vith different plants: thus Ipo11tf£a jucul1dn. 
(as may be seen in the table) revolved in 5 b. 20 m., the semicircle 
from the light taking 4 h. 30 m., and that toward. the light only 
1 h.; Lonicera bmchypoda revolved, in a reversed direction to tbe 
Ipo1n(f!a, in 8 h., the semicircle from the light tal[ing 5 b. 23 m., and 
that to the light only 2 h. 37 m. From the rate of revolution in all 
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the plauts which I I"'No obserred being nearly the .ame during the 
night and the day, I infer that the action of the light is confined 
to retarding one semicircle and a.ecelerating the other, so as not 
to greatly modify the whole rate. This action i. remarkable when 
we reflect how Iitt.le the lea.ves are developed on the young and 
very thin revolving intern?des. It is the more remarkable, IUl 

botanists have thonght (Mohl, S. 119) that twining plants are but 
little sen"itive to the action of light. 

I will conclude my accollnt of twining plants by collecting a 
few miscellaneons and cnrious eases. With most twining plant. 
all the branches, however many there may be, go on revolving 
together; but, according to Mohl (S. 4), the main stem of Tmnu< 
rlcphanlipes does not twine-only the brallches. On the other 
hand, with the Aspamgus, given in the table, the leading SilOot 
a.lonc, and not the brancbes, revolved and twined; but it should 
be sta.ted that the phnt was not growing vigorously. My 
plants of Co-mbrctum argentcum and 0. p1trpUreum made nume­
rOll8 Bhort hcaIt,hy shoots; but they showed no signs of revolv­
ing, and I could not conceive how these plants could be climbers; 
but at last C. argentc",,, put forth from the lower part of one of 
its main branches a t.hin sboot,5 or 6 feet in length, differing 
greatly in appearance from the previous shoots from its leaves 
being little developed, and this shoot revolved vigorously and 
twined. So that this plant produces shoots of two sorts. With 
Periploca G"Q3ca (Palm, S.43) the nppermost sboots alone twine. 
Pol,ygonum, convolvulus twines only during the middle of the sum­
mer (Palm. S 43, 94); plants growing vigorously in the autilmll 
show no inclination to twine. The m,,:jority of Asclepiadacere a,:e 
twiners; but Asclepias nigm only" in fertiliori solo incipit scan­
dere sub volubili caulo" (Willdenow, quoted and confirmed by 
Palm, S. 41). A .. clepia'l vincetoxi""m does not regularly twine, 
but only occasionally (Palm, S. 42; Moh!, S. 112) when growing 
under certain conditions. So it is with two species of Cer<>pegia, 
n.R I hear from Prof. Harvey, for these plants in their native dry 
South African home gencmlly grow erect, from 6 inches to 2 feet 
ill height, a very few taller specimens showing Some inclination to 
curve; but when cultivated near Dublin, they regularly twined up 
sticl" 5 or 6 feet in height. Most Convolvulacere are excellent 
twiners; but IzJOtncefl, ar.fJ,1JrdJo£des In South Africa almost always 
grows erect ann compact, from about 12 to 18 inches in height; one 
"pceimen alone in Prof. Harvey'. collection showing an evident 
rliRPOtlition to t.wine. Seedlings) on the other hand, raised near 
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Dublin twined up .tick. ahove 8 feet in height. These fact. 
are highly remarkable; for there can hardly be a doubt that in 
the dryer provinces of South Africa these plant. mu.t have propa· 
gat<>d themselves for thousands of geuerations in an erect condi· 
tion; and yet during this whole period they have retained the 
innate power of spontnneon.ly revolving and twining, whenever 
their .hoot. become elongated under proper conditions of life. 
Most of the .pecics of Phaseolus are twiner.; but certain varieties 
of the P. multiflorus produce (Leon, p. 681) two kinds of shoots, 
.ome upright and thick, and other. thin and twining. I have 
seen .triking instance. of this curious ca.e of variability with 
"Fulmer's dwarf forcing-bean," OIl \\'hich occasionally a long 
twilling shoot appeared. 

Solanum dulcamrwa is one of the feeblest and poore.t of twiner. : 
it may often be seen growing as all upright bu.h, and when 
growing in the mid.t of a thicket merely scrambles up the 
branches without twining; but when, according to Dutrochet 
(tom. xix. p. 209), it grow. near It thin and flexible support, Buch 
as the .tem of It nettle, it twines round it. I placed sticks round 
several plants and vertical stretched strings close to others, and 
the string. alone were ascended by twining. We here, perhaps, 
see the first stage in the habit of twining; and the .tem twines 
iudifferently to the right or the left. Some other species of the 
genu., and of another genus, viz. Habrothamnus, of the ... me family 
of Solana cere, which are described in horticultural work. ns twining 
plants, seemed to possess this faculty in a very feehle manner. 
On the other hand, I suspect that with Teeorna radkam we have 
the last vestige of It lo.t l>abit: this plaut belongs to It group 
.. bounding with twining and with tendril.bearing species, bnt it 
ascends by rootlets like those of the Ivy; yet I observed that the 
young internodes seldom remained qnite stationary, but performed 
.light irregular movements which could hardly he accounted for 
by changes in the action of the light. Anyhow it need not bo 
.upposed that there would be any difficulty in the passage from a 
spirally twining plaut to a simple root-climber; for the young 
internode. of Big"onia Tweedyana and of Hoy" carnos" revolvo 
.ud twine, and likewise emit rootlets which "dllere to any fitting 
surface, 

Part 11.-LEAF-cLIMDERs. 

It has long been observed that several plants climb by the aid of 
their leaves, either by the petiole or by the produced midrib; 
but beyond this simple fact nothing is lmown of them. Palm 
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and Mobl class these plants witb those which hear tendrils; hut 
as a le",f is generally a defined object, the present classification 
has, at least, some pJain advantages. ':rhere are other adva.ntages, 
as leaf. climbers are intermediate in many respects betw.een twiners 
n.nd certain tendril. bearing pl:tnts. I have observed eight species 
of Clematis alld soven of 'l11'opmolum in order to discover what 
amount of difference there may be within the same genus; and 
the rliffcl'ences, as we shall sec, are considerable. 

CLEMATIS.-G. glandulosa.-The thin upper internodes revolve, 
moving against the course of the SUD, precisely like those of a 
true twiner, at an averago rate, judging from three revolutions, 
of 3 h. 48 111. 'I'he leading shoot immediately twined round a stick 
placed near it j but, after making an open spire of only one turn 
n.nd a half, it ascended for :t short space straight, and then 
reversed its spire and wound two turns in an opposite course. 
This was rendered possible by the straight piece between tho 
opposed spircs havillg becomo rigid. The simple, broad, ovate 
lea"CB of this tropical .pecies, 80 unlike those of most of the other 
speries of the genus, wil,h their short t.hick petioles, seem but ill­
fitted for nny movement. 'Whilst twining up a vertical stick, no 
use is made of them. Nevertheless, if the footstalk of " young 
Jcar be rubbed with a thin twig a few times on any side, it will 
in the conrse of a rew hours bend to that side; afterwards it 
becomes straight again. The under side seemed to be the most 
sensitive; but the sensitiycness or irritability is but slight com-
pared to that which we shall meet Fig.!. 
with in 80me of the following spe­
cies; for a ]oop of string, weighing 
1'64 grain, hanging for some days 
on a young rootstalk, produced 
n. scarcely percept.ible effect. A 
sketch is here given of two young 
leaves which had naturally caught 
two twigs on each side of the .tem. 
A forked twig placed so as to 
I ightly press on tbe under side of a 
young footstalk caused it, in 12 h., 
to bend grea.tly, and ultimately to Clem,at~ 9land1~.losa, ~ith t.~o 

such an extent that the leaf pa.ssed {l~~~f~~~~~ p~~i~:!tl~~~:~e;.lth 
to the opposite side of the stem; 
t he forked stick havinp; been removed, the leaf slowly recovered 
it-~ proper pOflitioll. 
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The young leaves change their position in a rather odd manner: 
when first devclopecl the petioles are upturned, parallel to the 
Rtcm; they then slowly bend. downwn.rds, remaining for a short 
time at right angles to the stem, aud then become so much arched 
downwards that the blade of the leaf points to the ground with 
its tip curled iuward., so that the whole petiole and leaf together 
form a hoole If they come into contact with no object, they 
retain thi8 positiou for a considerable time, and then bending 
upwards they reassume their original upturned position, which is 
retained ever afterwards. The young leaves, being hooked, are 
thus enabled to catch twigs wheu brought into contact with them 
by the revolving movement of the internodes. The petioles 
which have clasped auy object soon become much thickened and 
strengthened, a.s may be seen in the diagram. 

Clem.atis lIlo1ltana.-The long alld thin petioles of the leaves, 
whilst young, are sensitive, and when lightly rubbed bend to tlJe 
rubbed side, subsequently becoming straight. They are far more 
sensitive than the petioles of O. glandulosa; for a loop of thread 
weighing a quarter of a grain caused them to bend; a loop 
weighing only one-eighth of a grain sometimes acted and some­
times did not act. The sensitiveness extends to the iwgle between 
the stem and leaf-stalk. I may here state that I ascertained Uw 
weights of the string and thread used in all CaRes by carefully 
weighing 50 inches in a chemical balance, and then cutting off mea­
sured lengths *. The main petiole carries three leaflets; but the 
short petioles of these leaflet. are not sensitive. A young inclined 
shoot (the plant being in the greenhouse) made a large circle op­
posed to the course of the sun in 4 h. 20 m., but the next day, being 
very cold, the time was 5 h. 10 m. A stick placed near the revol­
ving stem was soon struck hy the petioles which stand out at right 
angles, and the revolving movement was arrested. The petiole 
then began, being excited by the cont:tct, to 8lowly wind· round 
the stick. When the stick was thin, the petiole sometimes won11d 
twice round it. The opposite leaf was in no way affected. The 
attitude assumed by the stem after the petiole has clasped a stick, 
is that of a man standing by a column, who throws his whole arm 
horizontally round it. 'With respect to the stem's power of twi­
ning, some remarks will be mode under O. cal1Jcina. 

Olematis Sieboldi.-A shoot made three revolutions against the 
sun at an average rate of 3 h. 11 m. The power of twining is like 
that of the last species. Its leaves are nearly similar, except that 

4< Our Engli~h gTflin N]llllh nC!lrl;r 65 milli~rRmmel'. 
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the petioles of the lateml and terminal leaflets are sensitive. A 
loop of thread, weighing one· eighth of a grain, acted on the main 
petiole; but it took between two and three days to produce any 
elfect. The leaves have the remarl""ble habi t aud power of spon­
taneously revolving, generally ill vertical ellipses, in the sarno 
manner, but in a less degree, as will be described uuder O. micro-
ph.vlla. . 

Olematis cnlycina.- l'he young shoots are thin and flexible; 
one revolved, describing a broad oval, in 5 h. 30 m., and auother in 
61>.12m.: they followed the course oftbe BUU; but in all the species 
of the genns the course followed, if observ ed long enough, would 
no doubt be found to differ. This is a rather better twiner than the 
two last specics: the stem, when a thin upright stick free from 
twigs was plnccd llcar, sometimes made two spiral turns round it; 
thcn, being arrested by the clasping of the petioles, it would run 
up for a space straight nnd then generally reversed its course and 
took one or two spiral turns in an opposite direction. This 
reyer.al of the spire occurred in all the foregoing species. The 
Icn"es arc 80 small compared .... ith thoae of most of the otber species 
t hat tho peti oles at first seem ill .fitted ror clasping. Nevertheless 
the main service of th e revolving movement is to bring them into 
cout"ct with surrounding objects, which are slowly but securely 
Re i7.ed. The young petioles, which alone are sensitive, have 
their ends bowed a little downwards, so as to be in a slight degree 
hooked; ultimately tho whole leaf becomes flat. I gently rnbbed 
wi til a thin twig the lower surfaces of two young petioles; and 
in 2 h. 30111. they were sl ightly curved downwards; in 5 h., after 
being rubbed, the end of one was bent completely back parallel 
to the basal portion; and in 4 h. subsequently it bec.ame nearly 
_t.rnight ng"in. To show llOw sensitive the young petioles are, I 
may mention that I put, in order to mark them, short streaks of 
water-colour on their undcr sides; an infinitely thin crust was 
thus formed, hut it sufficed in 24 h. to cause both to bend down­
WMds. ,\Vhilat the plant is yonng, each leaf consists of three 
divided leaflets, which bave barely distinct petioles, and theBe arc 
not then sensitive; but when the plant is -well grown, the two 
lateral and terminal leanets have long petioles, and these now 
becomo sensitive and nrc capable of clasping in any direction any 
object. 

'When the petiole has clasped a twig, it undergoes some remark­
able changes, which occur with t he Beveral other Bpecies, but in a 
less strongly marked In,,nncr, and \\'ill he here described once for 
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all. The clasped petiole iu th~ course of two or three days swells 
greatly, and ultimately becomes uearly twice as thick as the 
opposite leaf·stalk which has dasped nothing. When thin trans· 
verse slices of the two are placed under the microscope their 
difference is conspicuous: the side of the footstalk which has been 
in contact with the support is formed of a layer of colourless cells 
with their longer axes directed from the centre of the petiole, and 
very much larger than any cells found in the opposite or unchanged 
petiole; the central cells, also, are in some degree enla.rged, and 
the whole is much indnrated. The exterior surface generally 
becomes bright red. But a far greater change takes place in 
the natnre of the tissues than that which is externally visible: 
the petiole of the unclasped leaf is flexible, and can be easily 
snapped, whereas the clnsped footstnlk acquires an extraordi. 
nary toughness and rigidity, .0 that considerable force i. reo 
quired to pull it into pieces. With this change, great durability 
i. proba.bly acquired; at least this is the case with the clasped 
petioles of Olemalis vitalba. The meaning of these changes is 
plain, namely, that the petioles may firmly and durably support 
the stem. 

OlemaU. micropltylla, var. lepiophylla.-The long and thin inter­
nodes of this Australian species revolve sometimes in one direc­
tion and sometimes in au opposite one, describing long, narrow, 
irregular ellipses or large circles: four revolutions were com· 
pleted within five minutes of the same average rate ofl h. 51 m.; so 
that this species moves more quickly than any other of the genus. 
The shoots, when placed near a vertical stick, either twine round 
it or clasp it with the basal portions of their petioles. The 
leaves whilst young are nearly of the same general shape, and act 
in the same manner like a hook, as will be described under O. 
viticella; but the leaflets are more divided, as in O. calycina, and 
each segment whilst yonng terminates in a hardish point, and is 
much curved downwards and inwards; so that the whole leaf 
readily eatches and becomes entangled with any neighbonring 
object. The petioles of the young terminal leaflets are acted on 
by loops of thread weighing tth and nth of a grain: the basal 
portion of the main petiole is much less sensitive, but will clasp a 
stick against which it presscs. 

The whole lcaf, whilst young, is in continual, spontaneous, slow 
movement. The stem was secured close to the base of the leaves, 
and, a bell.gl,,"s being plar-ed o,er the sJJOot, the movement. of 
the leaves were traced on it during several days. A very irre· 
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gllla.r line was generally formed;' but one day, in the course of 
eight hours and three quarters, the figure traced, clearly repre­
sented three and a half irregular ellipses, the most perfect one of 
\rhich was completed in 2 h. 35 m. The two opposite leaves moved 
quite independently of each otber. This movement would aid 
that of the intel1lodes in bringing the petioles into con tad with 
surrounding objects. I discovered this spontaneous movement 
too late to be enabled to obscl've the leaves in all the other spe­
eies; but from analogy I can hardly doubt tbat tbe le"ves of at 
least C. viticella, a. jlammula, fmd C. vitalba move BIJontaneous]y ; 
and, jndging from a. Sieboldi, this probably is the case with a. 
m.onlana and a. calycina. I ascertained tbat the simple leaves of 
C .. 9iandttZosa exhibited no spontaneous revolving movement. 

Olematis vilicelia, VA.!'. vea08a.-In this and the two following 
"pccics the po\\'el' of spirally twining is completely lost, and this 
seems dne to the lesseued flexibility of tbe iuternodes aud to the 
iuterference mused by the large size of the leaves. But the 
rc\'ohring Illo\'emcut, though restricted, is not lost. In our prCM 

sent spec.ies a YOUllg internode, placed in front of a window, made 
three nurrow ellipses, transversely to the light, at an average rate 
of 2 h. 40 tn. ; when placed so that the movement was .to and from 
the li/(ht., the rate was greal;]y accelerated and retarded, as in the 
case of twining plauts. 'rhe ellipses were small; the longer dia­
meter, described by tl,e apex of a shoot bearing a pair of not ex­
lHtnded leaves, being only 4% inches, and that by the apex of the 
penultimate internode only It inch; at the most favonrable 
period of growth each leaf would hardly be carried to and fro hy 
the movement of tbe internodes more than two or three inches, 
but, as a·bove stated, it is probable that the leaves themselves 
!Ilove spoutaneo1l8ly. The movement of the whole shoot hy the 
wind :tlld by its rapid growt;b would probably be almost equally 
efficient with the spontaneous movements in bringing the petioles 
into contact with surrounding objects. 

The leaves are of large size. 'l'here are three pairs of lateral 
leaflets and a termiual one, nil borne by rather long petioles. The 
main petiole hends a little angularly downwards at each point 
where a pa.ir of leaflets arises, and the petiole of the terminal 
leaflet is bent downwards at right angles; hence the whole petiole, 
with its rectangularly bent ex.trelllity, acts as a llOok. This, 
with the lateral petioles directed a little upwards, forms an ex­
celleut grappling applU'n.t;us by which the leaves readily become 
entangled with surrouJ](ijug objects. If they catch nothing, the 
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whole petiole ultim~tely grows straight. Both the medial "nd 
lateml petioles are sensitive; and the three branches, into which 
the basi-lateral petioles are generally subdivided, likewise a,re sen­
sitivo. The basal portion of tho main petiole between the stem 
and tho first pair of leaflets is less sensitive than the remainder, 
but it will clasp a stick wben in contact. On the other hand, the 

Fig. 2. 

A young leaf of Clematis viticella. 

inferior surface of the rectangularly bent terminal portion (carry­
iug the terminal leaflet ), which forms the inner side of the end of 
the hook, is the most sensitive part; and this portion is manifestly 
best adapted to catch distant supports. To show the difference 
in sensibility, I gently placed loops of string of the S3me weight 
(in one instance weighing '82 of a grain) on the several lateral and 
on the terminal snb-petioles; in 3 few hours the latter were hent, 
but after 24 h. no effect was prodnced on any of the lateral petioles. 
Again, a terminal sub-petiole placed in contact with a thin stick 
became sensibly curved in 45 m., and in 1 h. 10 m. had moved 
through ninety degrees, whereas a lateral petiole did not become 
sensibly cnrved until 3 h. 30 m. had elapsed. In this latter case, 
and in all other such cases, if the sticks be taken away, the petioles 
continue to move during many hours afterwards; so they do after 
a slight rubbing; but ultimately, if the flexure has not been very 
great or long-continued, they become, after about a day's in­
terval, straight again. 

The gradation in the extension of the sensitiveness in the 
petioles of the several above-described species deserve8 notice. In 
O. ?nontana it is confined to the main petiole, and has not 8pread 
(0 the sub-petiolcs of the three Icaflot.; 80 it is with young lliants 
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of C. ca /!lcina; but iu oldcr plants it h08 sprend to the three sub­
pelioles. In C. viticclla it h08 .pread to the petioles of the seven 
leafl ets, and to the subdivisions of the b08i-lateral sub-petioles. 
In this I"Uer species the sensitiveness has diminished in the basal 
part of the main petiole, in which alone it resided in a. montana, 
and 1108 accumulated ill the abruptly bent terminal portion. 

Clcmatisfla1nmula.-The shoots, which are rather thick, straight, 
and stin; whilst growing vigorously in the spring, mnde small oval 
rm'olutions, following the sun in their course. Four were made 
at au nvernge rate of 3 h. 45 rn. Tbe longer axis of the oval, de­
scribed by the extreme tip, was directed at right angles to the liue 
joining tho opposite leaves ; its length was in one case only Ii, 
and in another casc It inch; so that the young leaves are moved a 
\"Cry short distance. The shoots of the same plant observed in 
midsummer, when growing not so quickly, did not revolve at all. 
I cut down another plaut ill the early summer, so tbat by Au­
gust lst it had formed llew alld moderately vigorous shoots; tbesc, 
whell observed under a bell-glass, were on some days quite sta­
tionary, "ud on other days moved to and fro oudy about the 
eighth of au inch. Consequently the revolving power is hero 
much enfeebled, and under unfavourable circumstances is com­
pletely lost. l'his species must depend on the probable, tbough 
not ascertained, spontaneous movements of its leaves, on the 
rapid growth of its shoot., and on movements from the wind, for 
comi.ng into contact with surrounding objects : hence, perhaps, 
it is that the petioles have acquired, as we .hall see, in compen­
sation a high degree of sensitiveness. 

The petioles are bowed downwards, and have the Bame general 
hook-like form as ill C. viticella. The medial petiole and lateral 
sub-petioles are sensitive, especially the much-bent terminal 
Jlortion. As the sellsitiveness is here greater than in any other 
species of the genus obsen'ed by me, and is in itself remarkable, 
I will give fuller details. Tho petioles, when so young that they 
lmve not separated from each other, are not sensitive; when the 
lamina of a leaflet has grown to quarter of an inch in length (that 
is, ahont one-sixth of its full si,.e), the sensitiveness is highest; 
but at this period the Jletioles are much more fully developed pro­
portionally than the laminro of the leaves. Full-grown petioles 
,,'·e not in the least seusitive. A thin .tick placed so as to press 
lightly against n petiole, bearing a lea,flet a quarter of an incb in 
length, ca"sed the petiole to bend in 3 h. 15 m.; in another case a 
peliole curled completely round a stick in 12 h. These petioles 
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were left curled for 24 h., and then the sticks were removed ; but 
they never straightened themselves. I took a twig, thinner than 
the petiole itself, ",nd lightly rnbbed with it several petioles four 
times up and down; these in 1 h. 45 m. became slightly curled; the 
curvature increased during some hours and then began to de­
crease, but after 25 h. from the time of rubbing a vestige of the 
curvature remained. Some other petioles similarly rubbed once 
up and down became perce}ltibly curved in about 2 h. 30 m., a 
terminal SUb-petiole moving more than a lateral sUb-petiole; they 
became quite straight again in between 12 h. and 14 h. Lastly, 
a length of about one-eighth of an inch of a sub-petiole, lightly 
rubbed with the same twig only once down, became .lightly 
curved iu 3 h., and rem",ined so during 11 h., but the next morning 
WM quite stmight. 

The following observations are more precise. After finding 
that heavier picees of string and thread acted, I placed a loop of 
string, weighing 1'04 gr., on a terminal petiole: in 6 h. 40 m. It cur­
vature could be seen; in 24 h. the petiole formed an open ring 
round the string; in 48 h. the ring had almost closed on the string, 
and in 72 h. it had firmly seized the fine twine so that it required 
some force to withdraw it. A loop weighing '52 of' a grain caused a 
lateml sub-petiole just perceptibly to curve in 14 h., but after 24 h. 
it had moved through ninety degrees. These observations were 
made during the summer: the following were triade in the spring, 
when the petioles are apparently more sensitive :-A loop of 
thread, weighing one-eighth of a grain, produced no effect on the 
lateral sub-petioles, but placed on a terminal one caused, after 24 h., 
a moderate curvatnre in it; the curvlttnre, though the loop re­
mained suspended, was after 48 h. diminished, but never dis­
appeared, showing that the petiole had become partially accus­
tomed to the insufficient stimulus. Tliis experiment was twice 
repeated with nearly similar results. Lastly,,, loop of t.hread, 
weighing only one-sixteenth of a grltin (nearly equal to four milli. 
grammes), was twice gently placed by a forceps on a terminal sub­
petiole (the plant being, of course, in It still and closed room), and 
this weight certainly caused a .flexure, which very slowly increased 
until the petiole had moved through nearly ninety degrees: beyond 
this it did not move; nor did tl,e petiole, the loop remaining sns­
pended, ever become perfectly straight again. 

When we consider, on the one band, the thickness and stiffness 
of the petioles, and, on the other hand, the thinness .. nd softness 
of fine cotton thrend, "nd what "n extremely small weight one­

LINN. rltot.:.-JJ01'ANY, VOl,_ rx. 
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sixteenth of a grain iB, theBe fact. are remarkable. But I have 
reason to believe f:hat even a less weight causes a curvature when 
acting over a broader Burface tban can be affected by thin thread. 
Having noticed that the tail of a sUBpended Btring, which acci­
dentally touched a petiole, had caused it to hend, I took two 
pieceB of thin t\\~l1e, 10 inches in length (weighing 1'64 gr.), and, 
tying them to a Bticl" let them h"ng as nearly perpendicularly 
downwards "" their thinness and flexuoua nature, arter being 
stretched, would permit; I then quietly placed their endB BO as 
just to rest on two petiolcs with their tips hanging about the 
tenth of an inch beneath; both these petioleB certainly became 
cllrved in 30 h. One of the en dB of Btring, which JUBt touched 
the "ngle belween " terminal and lateral sub-petiole, was in 48 h. 
""light "s by a forcepB between them. In these cases tho presBnre, 
though .prend orer n wider Burface than that touched hy tho 
cotton threne!, must h,we been excessively slight. 

Olemati. vitalba.-My pbnts in pots were not healthy; so that 
I clare not trust my observl1tioos, which indicated much similarity 
ill Imb;ts with o.jlallllllula. I mention this species only because 
I Baw many proofs that the petioles of planta growing naturally 
are excited to movement by very slight pressure. For instance, 
I found petioles which h"d clasped thin withered blades of grass, 
the soft young len.es of a maple, and the lateral flower-peduncles 
of the quaking-grnss or Dr;;'a: the latter are only about as thick 
M a hair from a mau's beard, but they were completely surrounded 
amI clasped. The petioles of a leaf, so young that nono of the 
leaflets had expanded, hnd p"rtially seized on a twig. The petioles 
of almoBt every old leaf, even when unattached to any object, are 
much convoluted; but this is owing to their b .. ving come, whilst 
young, into contnct during several hours with some object aub­
sequently removed. With the aeveral above-deBcribed speciea, 
cultivated in pots and thus carefully observed, there never was 
any bending of the petioles without the stimulus of contact. When 
winter comes on, the blades of the leaveB of a. vitalba drop off; 
but tho petioles (aB was .. Iso obBerved by Mohl) remain, Bome­
times during two seasonB, attached to the branches; and, being 
convoluted, they cnriously reBemble true tendrilB, Buch "'" thoBe 
occurring in the allied genuB Naravclia. The petiolea which 
h,,,,e clnsped an objcct become much ·more woody, stiff, hard, 
and poliBhed than those which have failed in this their proper 
purpose. 

TlIOl'EOLUM.-I obscrrcu T tricolorm1t, 1'. azu,rcu11t, T. pentn-
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phyllmn, T. pel'cgrinwn, T elegans, T. tu,bcrosum, and ' ri. dwarf 
variety of, as I believe, T. minus. 

TroPaJolwn trico7oru1n, var. ,qrandijlorum.-The flexible shoot, 
which first riscs from the tuber, is as thin as thin' twine. Oue 
such shoot revolved in " course opposed to the sun, at ari average 
mte, judging from tln'ce revolutions, of 1 h. 23 m.; but no doubt 
the dircction of the revolving movement is variable. When the 
plaut h,,(1 grown tall and much branched, all the inany lateral 
shoots continued to revolve. The stem, whilst young, twined regu­
larly round a thin vertical stick; in one case I counted eight spiral 
turus: but when grown older, the stem often runs straight up for 
a spacc, and, being arrested by the clasping petioles, makes one or 
two spires in a reversed direction. Until the plant has grown to 
a height of two or three fcet, about a month after the first shoot 
l,as "ppmred above gronnd, no true le:tves, but in 'their place little 
filaments, coloured like the stem, :tre produced. Th'e extremities 
of these filaments are pointed, a little flattened, and furrowed au 
the upper surface. They never become developed into le:tves. 
As the plant grows iu height new filaments are produced with 
slightly enlarged tips; then others, bearing on each side of tho 
enlarged medial tip a rudimentary segment of a leaf; and soou 
other segments appear, until a perfect leaf is formed with seven 
deep segments. So that on the same plant we maysee every step 
from tendril-like filaments to perfect leaves. Hence this plant, 
whilst young, might be classed with tcndril-be:trers. After the 
plant has grown to a considerable height, and is secured to its 
support by the clasping petioles of tho true leaves, the clasping 
fibments on the lower part of the stem wither aud drop off; so 
that they perform only a temporary serviee. 

These filaments, flS well as the petioles of the perfect leaves, 
whilst yonng, :tre highly sensitive on all sides to a touch. The 
slightest rub causes them to curve towards the rubbed side in 
abont three minutes: one bent itself into a ring in six minutes; 
they subsequently became straight again: if, however, they have 
once completely clasped a stick, when this is removed, they do not 
recover themselves. The most remarkable fact, and which I have 
observed in no other species of the genus, is that the filaments 
and petioles of the young leaves, if they catch no object, after 
standing in their original position for some days spontaneously' 
and slowly move, oscillating a little from side to side, towards the 
stem of the plrtnt. Hence all the petioles and filaments, though 
arising on diflcrent ~idcs of the axis, ultimately bend towards and 
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clasp either their own Btem or the Bupporting Btick. The petioles 
and filameuts often become, after .. time, in some degree Bpirally 
contracted. In theBe Bpontaneous movementB, and in the abortiou 
of their htminre, the sensitive filaments present a much nearer 
approach to the condition of tendrilB than do the petioleB of any 
other leuf-climber observed by me. 

Tropreolu1n azu1'cum.-An upper internode made four revolu­
tions, following the SUll, at an ayerage rate of 1 h. 47 m. The Btem 
twined spirally in the Bame irregular manner as in the last Bpecies; 
it produced no filaments or rudimentary leaves. The petioles of 
the young leaves are very sensitive: a single very light rub with a 
twig caused one to move pcrceptibly in 5 m., and another in 6 m. ; 
the former petiole became beut at right angleB in 15 m., and 
became straight again ill between 5 h. and 6 h. A loop of thread 
weighiug tth of n grain caused a petiole to curve. 

'J!rOZJaJol_ pelllaphyllulI/,.-The plant observed by me had not 
the power of spirn.lJy twining, wbich Beemed due, not to the want 
of flexibility in the stem, but rather to continual interference from 
the clasping pet.ioles. An upper internode made three revoln­
tiOIlS, following the sun, at an avernge rate of 1h. 46m. The main 
purpose of the revolving mOVClnent in all the Bpecies is mani­
festly to bring the petioles into contact with some supporting ob­
ject. The petiole of a young leaf, after a slight rub, became curved 
in G m.; "nother, on a cold day, in 20 m.; but others generally in 
from Sm. to 10m.: the curvature usually increased greatly in from 
15m. to 20m. The petioles became straight again in between 5h. 
and 6 h., and on one occasion in 3 h. When a petiole had fairly 
clasped It stick, it could not on the removal of the stick recover 
itself; bnt the free upper part of a petiole, which had already 
clasped a stick by its basal part, still had the power of movement. 
A loop of threacl weighing tth of a grain certainly caused a petiole 
to curve; but the .timulus w". not sufficient, the loop remaining 
"uspeuded, to cause n. permanent flexure. If a much heavier loop 
be placed in the angle between the petiole and the stem, it pro­
duceB no effect; whereas we have seen that tbe angle between the 
stem and petiole of Olematis 'J1lO1ztana is sensitive. 

'J!l'op(1Jollbm l'erc.9,·;num.-In a very young plant the inter­
nodeB did not revolve, reBembling in this reBpect a young twin­
ing pl:tnt. The four upper internodes in an older plant made 
three irregular revolutions, in a course opposed to the sun, 
at an average fltte of 1 h. 48 Dl. It is remarkable how nearly tbe 
toiamc t·he avcrnge rate of revolution (taken, however, but from few 
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observations) is in this and tl,e two lnst species, namely, 1 h. 47D1 ., 
1 h. 46 m, and 1 h. 48 m. The present species co.nnot spirally twine, 
whieh seems m"inly due to the rigidity of its stem. In a 
very youug 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 a.u inch and So quarter in diameter, are sensi­
tive. A moderate rub caused one to curve in 10 m., but othel"!' in 
20m.; the petioles became straight again in from 5h. 45m. to 8b. 
Petioles which have naturally come into contact with a stick, some­
times take two tunIS round it. When clasped round a support, 
they beeome rigid and hard. The pelioles nrc less senBitive to a 
weight than in the previous species; for loops of string weighing 
'82 of a gmill did not cause any curvature, whilst 0. loop of 
double this weight (1·G4gr.) did act. 

Trop(I]oZ,,,n cla.qans.-I did not make many observations on this 
species. 'l'ho .1lOrt and stiff iuternodes revolve irregularly, amI 
describe extrenlc\y small oval figures; one was completed in 3 h. 
A young petiole, when rubbed, beco.me slightly curved iu 17 m. ; 
then much more so; and was nearly straight again in 8 h, 

TroptEolltm tuberosu",.-The internodes on a plant nine inches 
high did not move at all; but on an older plant they moved irregu­
larly, and mado very small imperfect ovals. These movements could 
bc detect.ed only by being traced on a bell-glass placed over tho 
plant. Sometimes the shoots stood still for hours; during Borne 
days they moved oo]y in one dircction ill a. crooked line; on 
other dRyS lhey made small irregular spires or circles, one being 
completed in about 4 h. The movement of the apex of the shoot, 
from extreme point to point of the ova.l, was only about one incb or 
one lind a half; yet this slight movement brought the petioles 
into contact with closely surrounding twigs, which were then 
clasped. With the lessened power of spontaneously revolving, 
compared with the prcvious specics, the sensitiveness of the 
petioles is likewise diminished. These, when rubbed .. few 
times, did not become curved until half an hour had ela.psed; 
the curvature increased during the next two hours, and then very 
slowly decreased; so that the petioles sometimes required 24 h. to 
become straigbt again .. The petioles of very young lea.es co.n nct 
perfectly; one with the lamina only '15 of an inch in diameter, 
that is, about n. twentieth of the full sizc, firmly clasped l\ thin 
twig: but leaves grown to one quarter of their full size can like­
wise act. 

J1l"optEoluni minus (?).- 'l'hc illtcl'l1odc~ of a variety nnmee] 
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" dwn,rf cr-imsoll Nn.sLllrtium" had no power ofrcvol~ing; but they 
Inoved during the d",y to the light, and from it ",t night, in " 
""ther irregular course. The petioles; when well rubbed, shovred 
no power of curving; nor could I see that they ever clasped any 
neighbouring support. I'Ve have seen in this genus a gradation 
from species such M T. tricolor1Hn, which have exquisitely sensi­
tive petioles, "nd iuternodes wllich have rapid revolving powers 
aud cau spirally twine up a support, to other species, such "" 
'1'. el~9ans and T. tuberos""" the petioles of which are much less 
scnsiti"e, and the internodes of wbich have very feeble revolving 
powers and cannot spirally twine round a support, to this l""t 
species, which lIas entirely lost or never acquired these faculties. 
Jlrom the geneml character of the genus, the loss of power seems 
t.he 1II0ro proh.,ble nltel'llati,'e. 

In this specics and in T r.l~qan8, and prob"bly in others, the 
flowcr-11cdunclcf'\, IlS soon as the seed-cn.psule begins to swell, 
"ponlancollBly bend "brul'Hy downwards and become somewhat 
convoluted: when a stiek lies in the path, it is to a certain extent 
cla,'ped ; but, as rar as I have been ahle to observe, the movement 
of the peduncle is quite independent of the stimulus from contact. 

ANTlItl1J11NElE. - In this tribe (Lindley) of the Scrophulariaceoo, 
"t least four of the seven included genera have leaf-climbing 
species. 

lIfauralldia Barelayana.-A thin, slightly bowed shoot made two 
revolutions, following the sun, each in 3 h. 17m.; this same shoot, 
the day before, re1'olved in an opposite direction. The shoots do 
not spirally twine, but climb excellently by the aid of the young 
"ensitive petioles. These petioles, when Iightly rubbed, move after 
" considerable interval of time, ltUd subsequently become straight 
again; a loop of tln'eltd weighing !th of a grain caused them to 
bend. 

lIfallmndia sC"~JerjlO1·en8.-1'his freely growing species climbs 
exactly like the last, by its sensitive petioles. A young internode 
made two circles, each in 1 h. 4G m.; so that it moves almost twice 
"s mpidly as the last species. But I should ndt have noticed the 
present species, had it not heen for the following unique case. 
Mohl s"ys (S. 45) that "the flower-peduncles, as well as the 
petioles, •. 1'0. wound into tendrils;" and he adds nothing more 
about the genus. But it must be observed that Mohl classes as 
tendrils even such objects as the spiral flower-stalks of the Vallis­
l1eria. Nevertheless this remark, rtlld the well-known fact that 
t.he flow('r-pedlll1clcf-I of this llfmt1"tuulia are flexuous, led me care-
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fully to e",minc them. They never act as te.ndrils: I repenoodly 
placed thin sticks in contact with yonng and old peduncles, Rnd 
I allowed nille vigorous plnnts to grow over an entangled mass of 
branches; bu t in no one instnnce did a peduncle bend round any 
object. It is indeed in the highest degree improbable tbat tbis 
should occur, for the flower-peduncles are generally developed on 
branches which bave already securely clasped a support by tbeir 
petioles; and wben borne on free depending branches, they nre 
not produced by the oorminal portion of the inoornode which 
alone has the power of revohing; so that they can only acci­
dentally and rarely be brougbt iuto contact with any surrounding 
object. Nevertheless (and th is is tbe remarkable fact) these flower­
peduncle., whilst young, oxhibit feeble revolving powers, and lire 
slightly sensitive to a touch. I selected some stems which had 
firmly clasped .. stick hy their petioles, and, placing II bell-glass 
over tbem, traced the movements of the young flower-peduncles. 
Some days these moved over" short and extremely irregular line, 
making littlc loops in their course. One day 0. young peduncle 
i! iuch in extreme length Wo.B co.refully observed, and it made 
four aud a · half narrow, vertico.l, irregular, and very . short 
ellipses-each at an average rate of about 2 h. 25 m.; an adjoining 
pedullcle described during the same time similar, but fewer,ellipses. 
As the ple.nt had for some t ime occupied exactly the same position, 
these movements could not be attributed to the-varying action of 
the light. Peduncles, old_ enough for the coloured petals to be 
just visible, do not moye. With respect to irritability, I ruhbed 
a few times very lightly with a thin twig two young peduncles (Ii 
inch iu length), one 011 the upper side and the other on the 
lower sido, and they became ill between 4 h. and 5 h. plainly bowed 
towards the rubbed sides; in 24 h. subsequently, they straightened 
themselves. Next day they were rubbed on the opposite sides, 
and they hecame perceptibly curved towards these sides. Two 
~ther and younger peduncles (three-fourths of an inch in length) 
were lightly rubbed on their nC\joining sides, aud they became so, 
much bowed towards each other, that the O1'CS of the bows stood 
at nearly right angles to their previous positions; "this was the 
greaoost movement seen by me; subsequently they straightened 
themselves. Other pedunclcs, so young as to be only three-tenths 
of au inch in length, became curved when rubbed. : On the 
other hand, peduncles above it inch in length required to be 
rubbed two or three times, aud then bec .. me only just percep­
tibly cuned. Loops of thread suspended on the peduncles pro-
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duccd no ell'ect; but loops of string weighing '82 and 1'()4 grain 
ncted capriciously, sometimes c/tusi ng a slight curvature ; but they 
were never clasped, like the far lighter loops of thrend by the 
petioles. 

In the nine vigorous plauts which I observed, it is certain that 
neither the slightspontaueous movements nor the Blight sensitive­
ness of the fl olVer-peduncles were of any service to the plants in 
climbing. If any member of the Scrophulariacero had been known 
to have fl ower-peduncles " seti for climbing, or had tendrils pro­
duced by their modifi ca,tion, I should have thought that this 
lIfaurandia still I'eto.iued a useless or rudimentary veBtige of a 
former habit ; but this view cauuot be maintained. We are 
almost compelled to believe that by some correlation of growth 
the power of movement has been transferred from the young 
internodes to the young perluucle., and in the same manner sen­
sit iveness from t·he young pd ioles to the young peduncles ; but 
I,his latter supposition is the more improbable, ns I could detect 
no sensitiveness in th e yOUllg internodes of the Mauratulia, 
though in a closely n.llied genus, Llp hospermu1n, the young inter­
nodes, ns we shall see, nro sensitire. By whatever means the 
peduncles of th is lIfaumndin l, ave ficquired their power of spon­
taneous movemeut and their sensitiveness, the case is interesting 
for us j for we can see that if those now useless capacities were n 
litt le perfccted, the flower-peduncles could he made as useful for 
climbing as a·re the fl ower-peduncles of Vilis and Oartliospermum, 
as will hereafter be described. 

Rhotlocltiton volubile.-A long fl exible shoot swept .. large circle, 
following the sun, in u h. 30 m. ; and, B8 the day became warmer, a 
secoud circle in 4 h. 10 m. The. shoots sometimes make a whole or 
half . pire round a vertical s t.ick, then run np for 1I space straight, 
ftnd afterwards make spiral turns in an opposite direction. The 
petioles of very young leaves, about one-tenth of their full size,. 
O1'e 11ighly Ben. it ivc, fin d bend towards any Bide which has been 
touched; but they do not move quickly: one, after being lightly 
rubbed, was perceptibly curvcd in 1 h. 10 m., and became consider­
ably arched in 5 h. 40 m. after tho rubbing; some other petioles, 
after being rubbed, were scarcely curved in 5 h. 30 m., but ill 6 h. 
30 m. were distinctly curved. A curvature was perceptible in a 
l,etiole iu between 4h. 30m. nud G h., after the suspension of .. little 
loop of . t ring. A loop of fine cotton thread, weighing one-sixteenth 
of a grain, not only slowly caused a petiole t o bend, but was ulti­
ml\tely firmly clasped by it, so I.hl\t it. could be withdrawn only by 



41 

.01Ue little force. The petioles, when coming into contact with a 
stick, take either" complete or half turn round it; ultimaooly they 
increase much in tllickneas. Leaves arising on the side of the 
stem opposite to the light move towards it; and, in doing ·so, tho 
pdioles are somehmes brought into contact with the stem, and 
consequently clasp it; but the petioles have no true spontaneous 
movement. 

Lophospr:r1ltu1II scandans, var. purpure",n.- Some long, mode­
,""ooly thin internodes made four revolutions at an average rate of 
3 h. 15 m. The course pursued was very irregular-sometimes an 
extremely narrow ellipse, sometimes a large circle, sometimes an 
irregulat· spire or zigzag line, and sometimes tbe apex stood still. 
The young petioles, when brought by the revolving movement into 
contact with a stick, clasp it, and soon inc.rease considerably in 
thickness; but they are not quite so .ensitive to 0. ligbt weight 
nR those of the Rkodockiton, for loops of thread weighing one­
cighth of It grain did not invariably OIIuse them to bend. 

This plant presents a case not observed in an~ other lenf­
climber or twiner or tendril-bel\rer, or in any otber plant as far as 
I kno,v, namely, that the young inoornodes are sensitive to 1\ 

touch. When a petiole clasps 1\ stick, it draws tbe base of tbe 
internode against it ; and then the internode itself bends towards 
the stiel" which is thus OIIugbt between tbe stem and tbe petiole 
ns by a pair of pincers. The internode straighoons itself again, 
excepting tho part in contact with the stick. Young inoornodes 
alone are sensitive, and these arc sensitive on all sides along tbeir 
whole length. I made fifteon trials by lightly rubbing two or 
three times with a thin twig several internodes; and in about 2 b., 
but in one case in 3 h., all became bent: tbey became straight again 
in about 4 h., subsequently. An internode, which was rubbed as 
much as six or seven times witb a twig, beOllme'ju8t perceptibly 
curved in 1 h. 15 m., and subseqnently in 3 h. tbe curvature in­
creased much; the internode became straight again in the course 
of the night. I rubbed some internodes one day on one side, and 
the next day on tbe opposite side or at right angles; and the cur­
vature was always towards the rubbed side. 

According to Palm (S.63), the petioles of Linaria cirrhosa and, 
to a limited degree, those of L . datine h:lve tbe power of clasping 
a support. 

SOLANuM.-S. jasminoides.-Some of tbe species of this large 
genus are twiners; but this is .. true leaf-climber. A long, nearly 
upright shoot made four revolut:ions, moving against the sun, very 
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regularly at an :\Verage mte of 3 h. 26 m. The shoots, however, 
sometimes stand still. It is considerod a greenhouse plant; but 
when kept there, the petioles took severnl days to clasp a stick: 
iu the hothouse a stick was claspcd in 7 h. In the greenhouse a 

F;g.3. 

SOlaf!1l!!f jasmilwides, with one of it.s lca.vee clasping a ~tick. 

petiole was not a.froded by a loop of string, suspended during 
severnl days ""nd weighing 2~ grains; in the hothonse one 
was m"dc to curve by a loop weigbing 1·64 (and, on the 
rcmoval of tbe string, became straight again), but was not at 
aU affected by :1nother loop weighing ·82 of a grain. We have seen 
that the petioles of some otber leaf-climbing plants were affected 
by one-thirteenth of this latter weight. In this plant, and in no 
other leaf-elimber seen by me, a leaf. grown to its fnll size was 
capable of clasping" 81;ick; but the movement waa so extrnordi­
narily slow tl""t in .the grcenhouse the act required several weeks; 
but on ench succeeding week it was clenr that the petiole became 
1110re and more enrved, nutil finally it firmly clasped the stick. 

·When the flexible petiole of" half- or a quarter-grown leaf has 
elnsped :iny object, ill three or four days it increases much in 
thiclmcss, and after several weeks becomes wonderfully hard and 
rigid; 80 that I could hardly remove one from it. support. On 
comparing no thin tranSVerSf! slice of this petiole with one from 
the next or older lenf beneath, which had not clasped anything, 
its ,liamoter was found to be fully doubled, and its structure 
greatly changed. Tn two other petioles similarly compared, and 



here representcd, the incrcase ill din.metcr was not quite so great. 
In the section of the petiole in its ordinary state (A), we see a 

Fig, 4. 

Solanum ia.smil!oicle.~. 

A 
lB 

A, Section of It pcLiolc. 
D. Section of n. petiole some weeke nftcr it had clasped n stick, 8S shown in 

fig. 3. 

sem ilunar band of cellul"r t iss ue . Iightly different from tb"t out­
side it, and including three closcly approximate groups of dark 
vcssels. Ncar the upper surfacc of the petiole, beneath two ridgeR, 
there arc two other sInall oircular groups of vessels. In tbe sec­
tion of tho petiole (TI) whicl, had during severnl weeks clasped 
It stick, the two upper ridges have become much less prominent, 
and the two groups of woody vessels beneath them much in­
creased in di"meter. The semilunar band is converted into 1\ 

complete ring of very bard, white, woody tissue, witl, lines radia­
t ing from th e. eentre. The three groups of vessels, wbich, though 
closely approximate, were before distinct, are now completely 
blended togethcr. The upper part ofthe new ring of woody vessels, 
formcd by tbc prolongation of the horns of the original semilunar 
band, is thinner than the lower part, and is slightly different in 
appearance from being less compact. This clasped petiole had 
actually become thicker than the Rtem close beneath; and this was 
chiefly duo to the greater thickness of the ring of wood, which 
presented, both in transverse and lo.ngitudinal sections, a closely 
similar structure in the petiole and axis. The assumption by " 
petiole of this structure is 11 singular morphological · fact; but it 
is a still more singular pl'ysiological fad tbat so grcat a change 
should have been induced by the mcrc act of clasping " BUp­

port-. 
FUMAmACE..l:.-Ft""ar;a qf!icinalis.- It could not have been 
* Dr. Mfl.l:wcll MAsters infon"s me thAt in most, or all, petioles which aro 

cylindrical, such as those bearing pcltntc !cnvc8, the woody vC88els form 0. closed 
ring, and thnt the scmilunnr band of vcssels is confined to pctiolos which a.ro 
chnnncllcd nlong their npper surraces. In nccordAllcc WitJl this e.tntcmcnt, it, 
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anticipated that so lowly a plant wonld have been a climber. This 
it effects by the aid of the main and lateral petioles of its com· 
pound leaves ; even the milch. flattened t erminal portion of the 
petiole can seize a. support. I have seen a Bubstnnce as soft as a 
withercd blade of grass caught. l'ctioles which have clasped any 
object ultimately became rather thicke,· aud more cylindrical. 
On lightly rubbing with It twig several petioles, they becltme per· 
ceptibly curved in 1 h. 15 Ill. , and subsequently they straightened 
themselves. A stick gently placed in the augle between two sub· 
petioles caused movelllent in 7 h., and was almost cl.llped in 9h. A 
loop of thread, weighing oue.eighth of a grain , caused, after 12 h. 
and before 20 h. 1Ja(1 elapsed , It considerable curvature; but the 
petiole never fairly cJa~pcd the thread. The youug internodes 
nrc in contillual movement j the movement is considerable, but 
vcry irregula.r in course j no z; igzag line, or a spire crossing itse1f, 
or a fi gure of 8 is formed; the course duriJlg 12 h. , being traced 
on a beB.glass, apparently represented about four eJlipses. Tho 
ICn.VC8 thelllselvrs n,lso move spontaneously. t.he ma.in petiole curv· 
iug lts('.lf in nccordaucc wi th the movement of the internodes j 80 

t bat when the latter move to one side the petiole is curved to 
that side, then, bccoming stmight, is curved to the opposite side. 
Thus a wider space is s"·ept for n support to he clasped. The 
movement, however, is Bmall, as could be. seen when the shoot 
was securely tied to "stick and the lea f alone · ~ho;;;if~ to move. 
The leaf in this cn.e followed an irregular course, llkii that made 
by the young internodes. . 

Atll.,1Ili« ci,-rhosa.- I raised sOllle plants late ·in the summer; 
they formed magnificent leaves, but threw up no central stem . 
1'hc first.formed leavcs were not seusitive; but some of the later 
leaves were sensitive, but only towards their extremities, and were 
able to clasp sticks. This could be of no service to tbe plant, as 
tbese leaves rose from the ground; but it showed what the future 
character of the plant would be when it bad grown taU enough to 
climb. The tip of one of these ground leaves, whilst young, de· 
scribed in 1 h. 36 m. a narrow ellipse, open at one end, and exactly 
thre~ inches in length; a second ellipse was broader, more irre· 
gular, and sborter, viz. only 2t inches in length, and was com. 
lileted in 2 h. 2 m. From analogy with 1!Umaria and Corydalis, I 
h,,",,c no doubt that the internodes have the power of revolving. 

))Iny be observed that tho enlarged nnd c1nsped petiolo 1)f the Solatium, with it.s 
C'losed ring of woody vC8pelfll, has become much more cylindrical than it wae in 
ilfl original nnr.lnspcd condition. 
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Cm'!/aalis cl".vicalata.-This plnnt is interesting from being in 
a condition so exnetly intermediate between a leaf-climber nnd 1\ 

tendril-benrer thnt it might have been described under either 
head; but, for reasons hereafter assigned, it is classed ntnongst 
tendril-benrers. 

Dosides the plants already described, B ig .. onia un,9uis and ita 
close all ies, though aided by tendrils, M will hereafter be de­
scribed, have clasping petioles. According to Mohl (S . 40), 
Cocculus Japonicus (one of the Menispermacero) Bnd a fern, the' 
Ophioglossum Japanic",n (S. 39), climb by their leaf-stalk •. 

We now come t o a small section of plants which climb by the 
aid of the produced midrihs or tips of their leaves. 

GWnIOBA.-G. Plantii · (Liliacero ).-Thc stem of n half­
grown plnnt continually moved, generally describing an irreguln.r 
spire, but sometimes ovals, with the longer axes running in differ­
ent directions. It either followed the sun, or moved in an oppo­
site conrse, and sometimes stood still before reversing its course. 
One oval was completed in 3 h. 40 m.; of two horseshoe-shaped 
figures, one was completed in 4 h. 35 m. a11<,1 the other in 3 h. The 
t ip of the shoot, in its movements, reached points between four and 
five inches .sunder. The young leaves, when first developed, 
stand up nearly vertically; but by tbe growth of the axis, and by 
tllO spontaneous bending down of the terminal balf of the leaf, 
they soon become much inclined, and ultimately horizontal. The 
end of the leaf forms a narrow, ribbon-like, thickened projection, 
which at first is nearly straigbt; but by the time the lear has got 
into an inclined position, the end has bent itself downwards into 
" well-formed hook; and this is now strong and rigid enough to 
catcb any object, and, when caught, to anchor .the plant and stop 
the revolving movement. This hook is sensitive on its inner sur­
fnee, but not in nearly so high a degree as with the many before­
described petioles; for " loop of .tring, weighing 1'64 grain, pro­
duced no effect. 'When the book has caught a thin twig or even 
a rigid fibre, the point may be perceived in from lh. to 3b. to have 
curled It little inwards; and, under favourabl e circumstances, ill 
from 8 h. to 10 h. it finally curls round and seizes the object, which 
it never again looses. The hook when first formed, before the lenf 
has become inclined, is less sensitive. The hook, if it catches bold of 
nothing, remains for a long period open and sensitive; ultimately 
the tip spontaneously and slowly curls inwards, and mnkes a 
button-like, flat, spiral coil at the end of the leaf. One leaf was 
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"'atebed, and the hool, remained open for tbirty-tbree days; but 
during the lnst week the tip har! curled inw!Lrds so mncb that at 
last only It very thin twig could have been inserted. As soon as 
tbe curling-in of the tip has closcd thc book and converted it into 
a ring, its sensibility, both within and without, is lost; but as 
long as the hook remnins open its sensibility is retained. 

When the plant bad grown from tbe bulb to tbe beight of only 
about six in ches, the leaves, four or five in number, were broader 
than those subsequently produccd, "nd their soft and but little­
"ttenuated tips did not form hooks, and were not sensitive; nor 
did the stem revolve. At this early period of growth, the plant 
can support itself; its climbing apparatus is not required, and 
therefore is not acquired. 0,1 the other band, a full-grown plant 
which was flowering, and which would not hnve grown any taUer, 
ha.d len.ves on the summ it, which were not sensitive, and could not 
clasp a stick. 

Elngelia.ria Indica (Comll1elynacerc) .- FrolD dried specimens 
it is manifest that this plant climbs exactly like Gloriosa. A 
young plant, 12 inches in height, and bearing fifteen leaves, bad 
not oue leaf ns yet produced into a hook or tendril-like filament; 
nor did the stem revolve. Hence tbis plant acquires its climbing 
power later in life tb"n tho Gloriosa lily. According to Mob! 
(S. 41), Uvularia (Melanthace",) climbs like Gloriosa. 

The.e three last-n:tmed genera are all Monocotyledons; but 
t.here is one Dicotyledon, namely Nepenthes, which is ranked by 
]\fohl (S. 41) amongst tendril-bearers; and I hear from Dr. Hoolter 
t.hat most of the speeics dim b well at Kew. This is effected by the 
stalk or midrib betwcen the leaf and the pitcber twisting round 

. any support. The twisted part becomes tbiclter; but I observed 
Itt Mr. Veitch's that the stall, often takes a tllrn when not in con­
tact with any object, and th"t this twisted part likcwise becomes 
thickened. Two vigorous young plants of N l=is "nd N distil­
lataria, in my hothouse, whilst less than a foot in beight, showed 
110 sensitiveness in their leaves or power of movement or of climb~ 
iug. But wbeu N. lmvis had g,'own to " height of 16 inches, 
thcre were signs of these powers. Each young leaf when first 
formed stnnds upright, but soon becomes inclined; at tbis period 
of growth it terminates in a stalk or filament, with the pitcher at 
Ute extremity 80 little developed that this p:trt is not thiclter than 
any other part. The leaf in this state certainly exhibited slight 
spoutn.ueous movements j and when the stalk cnme into contact 
with It .tiel" it very slowly bcut round and firmly seized it. But 



the leafby its subsequent growth became quite slack, though the 
terminal stalk remained coiled round the stick; hetice it would 
appear that tho chief use of the coiling, at least whilst the plant 
is yonng, is to support the pitcher with its load of secreted fluid. 

S"mmary on Le<if-climbers.-Plants belonging to eight families 
are known to have clasping petioles, and plant. belonging to four 
families climb by the tips of their leaves. With all the plants 
observed by me, tho young internodes revolved . more or less 
regularly, in some cases as regularly as doe. any twining plant, 
and at various rates, but generally rather r:tpidly. Some few can 
asceml by twining spirally round a support. Differently from 
most twiners, there is a strong teJldency in the same shoot to 
revolve first in one and then in the opposite direction. 'fhe ob· 
ject gained by the revolving movement, as could be plainly scen, 
was to bring the petioles or the tips of the leaves into eOlltact 
with surrollllding objects ; without this aid there would be It poor 
chance of Sllecess. .Vith rare exeeptiolls, the petioles are senBitive 
only whilst young; they are sensitive on aU sides, but in differ· 
ellt degrees in different plants, and in some speeies of Olemali. in 
very dift"erent degrees in different parts of the same petiole. The 
hooked tips of the leaves of the Gloriosa are sensitive only on their 
inner or inferior surface. 'fhe petioles are sensitive to a touch and 
to excessively slight continued pressure, even from a loop of soft 
thread weighing only the one·sixteenth of a grain; and there is 
reason to believe that the rather thick and stiff petioles of Olemati. 
flammula are sensitive to even a less weight when spread over a 
wider snrface. The petiolcs always bend towards the touched 
or pressed side, at different rates in different plants, sometimes 
within a few 'minutes, but generally after" much longer period. 
After temporary contact with any object, the petiole continues to 
bend for a considerable 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 habi· 
tuated to the stimulus, and either bends no morc or becomes 
straight again, the weight still remaining suspended. 'Petioles 
which have elapsed any 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 throngh. 
out or 011 one side alollc j they subsequently become, sometimes 
III no wonderful degree, stronger and more woody; and in BOllle 

cases they acquire an internal structure like that of the stem 01' 

axi:3. 
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The young internodes of the Loplwspermum are sensitive as well 
as tbe ]letioles, and by their combined movement sei7,e any object, 
'fhe flower-peduncles of the Maurandia semperjlorens revolve 
spontaneollsly, Rud are sensitive to a touch, yet are certainly use· 
less for climbing, The leaves of at least two and probably of most 
of the species of Olematis, and of Fum""i" and Adlumi", spon­
tan£ously curve from side to side, like th'e internodes, and are thus 
better adapted to seize any distant object, The petioles of tbe ]ler­
feet leayes, as well as the rudimentary or tendril-like leaves of 
Tropa:olumL tricolorwln move sponta.neously and slowly towards 
their own stem 01' the supPOl,tillg stick, which they then clasp; 
these pctioles nlso sllOw some teudency to oontmct spirnlly. The 
tips of the uncaught lenvcs of the GlOl'iosa, as they grow old, con­
tract into a flat spire. '!1Ilcse seycral fa.ctB are interesting, as we 
sl",1l see, in relation to true tendrils 

It WfiS observed ill 80me ('ases thn.t, as with twining plants, so 
with leaf-climbers, the first internodes which rise from the ground 
,10 not spontaneously revolv(~ j nor n.re the petioles or tips of the 
I1rst·formen leaves sensitive. In certain species of Clematis the 
high uevelopment and spontaneous movements of the leaves, with 
their highly sensitive petioles, apparently have rendered almost 
superfluous the Spolltaneous movements of the internodes, which 
have consequently become enfeebled, In certain species of Pro­
pmoi"", it would appear as if both the spontaneous movements of 
thc internodes nnd the sensitiveness of the petioles have become 
enfeebled; and in one "peeies they have been completely lost. 

Part III,-TENDRlL-IJE.<mNo Pr,il/TS, 

TIy tendril. I mean fihmentary organs, sensitive to contact and 
used exclusively for clim bing, TIy this definition, spines or hooks 
:tnd rootlets, all of which are used for climbing, are excJllded, 
True tendril. are formed by the modification of leaves with 
t.heir ]letioles, of /lower-peduncles, perhaps al~o of branches and 
~tlpules. Mohl, who includes with true tendrils various organs 
having a similar external appearance, classes them according to 
their homological nature, a~ heing modified leayes, flower-]lednn­
des, &e. This would be all excellent scheme; but I observe that 
uot,:t.nists, who are ca.pable of judging, arc by no menns unanimous 
on the nature of certain tendrils. Consequently I will describe 
tendril-bearing plants by natural families, following Lindley, 
:tlltl this will in Illost, or in a.ll, cnses keep those of the same homo-
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logical nature together; but I shall treat of each family, one 
after the other, according to convenience". The species to be 
described belong to ten families, and will be given in the following 
order :- BignoniaccaJ, PolcmoniaceaJ, Leguminosm, CompositaJ, Smi~ 
lacece, FU111ariacem, CucurbitaccaJ, Vitaccm, Sapindacc(1J, Passijlo­
raCCl1J. 

BWNONIACE1E.-This family contains many tendril-bearers, some 
twiners, and some root-climbers. The tendrils are always modified 
leaves. Nine species of Big1!onia, selccted by hazard, are here 
described, in order to show what diversity of structure and action 
there may be in specics of the same genns, and to show how re­
marlmblo the action ·of the tondrils may be in Borne case.. The 
species, taken together, afford conuecting links between twiners, 
leaf-climbers, tendril-bearers, and root-climbers. 

B~qno"ia (an unnamed species from Rew, closely allied to B. 
un.quis, but with smaller and rather broader 
leaves).-A young shoot from a cut-down Fig.5t. 

plant made threo revolutions against thhe it ..... ' : ._ sun, at an average rate of 2 h. 6 m. T e ~ 

.tem i. thin and flexible !lnd twined, as-
cending, from left to right, round a slender 
vertical stick as perfectly and as regularly 
as any true twining-phnt. When thus 
ascending, it makes no use of its tendrils 
or its petioles; but when it twined round 
a rather thick stick, and it. petioles were ]Jignonia, unnamed 
brought into contact with it, these curved species from Rew. 
round the .tick, showing that they have 
some degree of irritability. The petioles also exhibit a slight 

• As far as I can make out, the history of our knowledge on tendrils is as 
(pHows :-Wc have seen that Pa.lm and Von :Mohl observed about the snme 
time the singular phenomenon of the spontnneous revolving movement of 
twining-phmts. Palm (S. 58), I presume, observed likcwie6 the revolving move­
ment of tendrils; but I do not fccl suro of this, for ho 8ays very little on the 
subject. Dutroche-t fully described this movement of the tendril in the com­
mon Pea. Mohl first discovered that tendrils were sensitive to contact; but 
from aomo cause, probAbly from observing too old tendrils, he WM not aware 
how sensitive they were, and thought that prolonged pressure was necessary to 
excite movement. Professor ABa Gray, in 8. paper already quoted, first noticed 
the extreme scnsitiveness and rapidity of movements in the tendrileof eerta.in 
Cucurbitnccous pJant8. 

t 'rbis and the following drawings, from which the woodcut.s have been en~ 
graved, were carefully made fm' me from living plnllt.s hy my son Mr. George 
H. Darwin. 

r,lNN. rnOC.-1WTIINY, VOl., IX. 
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dcgl'ce of spontallc01l8 lnOYCmcllt; for in ono case they certn.inlY 
dcscribed miuute, irregular, vertical ellipses. The tendrils ap­
parent.1y curve themselves spoutaneously to the same side with 
tllC petioles; bnt the mon~me))t was 80 slight that it may be 
passed over. ]'rom varions causes, it was difficult to observe 
t.he movements of the petioles and tendrils in this and the two 
followillg species. ~'he tendrils are so . closely similar in all 
respeds to those of the following species, that one description 
will suffice. 

E(1110ui" ul1gl1is.- The young shoots revolve, but less regularly 
and less quickly than those of the last species. The stem twined 
illlperfectly l"Olllld n. verticnl sticl<, sometimes reversing its direc­
tion, exactly in the 8:1.1nO m!lnner aR Ims been described in so mn.ny 
lc"f-clilllhcrs; and tllis pbnt is in itself a lea.f-rlimber, though 
pOl"8cRsing tendrils. Ear.It leaf consist.s of n. petiole bearing a pair 
of leaflets, "nd terminating in " tendril, which is exactly like that 
ahove figlll'er!, but" little larger. The whole tendril in a young 
plout "'as only ahout half an inch in length, 3ud is very uulike 
1ll0f't tCI1<lrils in shflpe. It curiously resembles the Jeg nnd foot 
of " small birri with the hind toe cut off. The straight leg or 
tarsus is longer thau tIle three toe .• , which latter arc of equal 
Jength, and, diverging, lie in the same plane j the toes terminate 
in sharp and hard claws, lrmch curved downwards, exactly like 
the claws on a bin!'s foot . The whole tendril apparently repre­
sents three leaflets. The main ]lctiole (but not the two sub-pe­
tioles of the l:tteral leaflets) is sensitive to contact with lilly object: 
even It small loop of thread after two days caused one to bend Ujl­

wards. The whole tendrils, namely the tarsus and three toe., 
especially their uuder surfa,ces, are likewise sensitive to contact. 
lIenee, when a shoot gra\vs through branched twigs, its revolving 
mO\'cmcnt soon brings the (cndril into contact with some twig, and 
then "II three toes bend (or sometimes one alonel, and, after several 
hours, sci7-e fast 1101d of the twig, exactly like It bird when perched. 
The tnrsu8~nlso, when it comes into contact with a twig, slowly bends, 
until the foot i. Cltr,;cd quite roulld, and the toes pass on each .ide 
of tho tarsus, 01' sci,c hold of it. If the main petiole benring the 
leaflets comes into contact with" twig, it likewise bends round, 
until the tend"il touches if s own petiole or that of the opposite 
loaf, which is then seized. The petioles, and probably even 
the tendrils in It slight degree, move spontaneously; hence 
when It shoot attempted to twine ronnd an uprigllt stick, both 
petioles nfter n time'; ('nmc into contact with it, and the contact 
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e~useu still further bending; 80 tb~t ultimately b6th petioles 
clasped the stick in opposite directions, and tbe foot-lil<e tendrils, 
seizing on .,,,,h other or on their petioles, fastened the stem to the 
support with surprising sccurity. Hence this species, differently 
from the last., uscs its tendrils, by the intervention of the spon­
taneously moving and sensitive petioles, when the stem twines 
round a thin vertical stick Both species use their tendrils 
in the same Ulmlller when passing through a thicket. This pla~t 
seems to me the most efficient climber whirh I have -examined; 
and it probably could ascend a polished stem incessantly tossed by 
heavy storllls. 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 pretty well, though not vigorously, 
I concluded tlmt the temlrils acted only like tllO hooks on a 
bramble, and tlmt this was the most feeble and inefficient of nil 
climbers! 

Bi.9nonia Tu,em{yana.- This species is closely allied to, and be­
haves in all respects like the last; perhaps it twines round a ver­
tica.l stick rather better. On the same. plant, ono branch twined 
in onc direction and another in an opposite direction. 'The inter­
nodes in onc case made two clrcles, c.'lch ill 2 h. 33 m. I wns enabled 
in this species to observe, better than in the two preceding, the 
spontaneous movements of the petioles: one described three small 
vertica.l ellipses in the course of eleven hours; another "moved 
1;1Oerolly in an irregular spire . Some little time after the stem 
bas twined round an upright stick, and is securely [""tened to 
it by the clasping petioles and tendrils, it emits at the base of 
its lenves aerial roots, which curve partly round and adhere to 
the stick; so that this one species of Bignonia combines four 
different methods of climbing, generally characteristic of distinct 
plants, namely, twining, \caf-climbing, tendril-climbing, and root­
climbing. 

In the foregoing three species, when the foot-like tendril has 
caught any ohject, it continues to grow and to thicken, and ulti­
mately it becomes wonderfully strong, in the same manner as we 
have seen with the petioles of leaf-climbers. If the tendril 
catches nothing, it first slowly bends downwards, ' and then its 
pO"'er of clasping is lost. Very soon afterwards it disarticulates 
itself from the petiole, like a leaf in autunm from the stem, anu 
drop~ ofF. I ha.ve seen thi~ proce~s of disarticulation in DO other 
tendriJs, but when uncn,ught they soon wither away. 

B~qnoni" !>enusta .. - The tendril. ,we here consinerably modified 
>:2 
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in comparison with those of the previous speeics. The lower 
part, or tarsus, is four times ns long as the three toes; theBe 
arc of equ,,1 length; they do not lie in tlw Bame plane, but diverge 
equally on all sides; their tips "'1'0 bluntly hooked, so that the 
whole tendril malrcs an excellent grapnel. The tarsus is sensitive 
on all sides; but the three toes "re sensitive only on their outer 
surfaces, which correspond with the under surfnees of the toes in the 
tendrils of the previous ~pccics. The sensitiveness is not much 
dOl'eloped; for 11 slight rubbing with a twig did not elluse the tar· 
sus or toes to become slightly curve,\ until an hour hlld elapsed ; 
.ILbscqllenUy they straightened themselves. noth tal'SUS and toes 
can sci7.e well hold of Bticks. 'When ti,e stem is secured, the ten­
drils nre scen spontaueously to swccp large ellipses: the two 
opposito tendrils movo indcllendently of eneh othor. I have no 
cl oubt, from the nun.logy of the two following nllied species, th"t 
the petiolcs move spontancou8ly; but th ey arc not irritable like 
those of B . unguis and B. 'l\uceclyana.. The young internodes 
also sweep fin e large circlcs, one being completed in 2 h. 15 m., 
and a second in 2 h. 55 m. By the.e combined movements of the 
intcrnodes, petioles, and grnpnel.like tendrils, the latter are soon 
brought into contact with surrounding objects. When a shoot 
stands nelU' an lIpright stick, it twines regularly and spirally round 
it; as it ascends, it sei"es the stick with only one of its tendrils, 
and, if the stick be thin, the right- and left-hand tendrils 
nre alternately nsed. This alternation follows from tbe stem 
necessarily taking one twist round its own axis for each com­
pleted spire. 

The tendrils a short time after catching any object contract 
"l'imlly. Those wllicb have caught nothing slowly bend down- . 
wllrds, but do not contrltct spirally. With many plants the 
tendrils nfter a time contract spirally, whether or not they have 
caught a.ny ohject .. nut this whole su~ject of tho spiral contrac­
t.ion of tendrils will be disc-no.cd after the several tendril-bearing 
pln.nt. h,we becn described. 

Bigna"in littaral,: •. -The young internodes revolve in fine large 
ellipses. An intcrno,\e bcaring immature tendrils made two revo­
lut.iolls, each in 3 h. 50 m.; but when grown older, with the tendrils 
"",turo, two ellipses werc I)orformed, eneh nt the rato of 2 h. 44m. 
But this specics, uulilw the preceding, is incapable of spirally 
t.wining round any object : this did not appear due to any want 
of fl ex ihility ill the intornodcs, or to the action of the tendrils, 
:lnd certainly llot to any W)1,111; of the revolving power; nor can I 
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",ccount for the eireumstltnce. Nevertheless the plo.nt readily 
"seends It thin upright stick by its two opposite t endrils, both 
seizing the stick some way nbove, and afterwards spirally con­
tmeting. If the ten(irils sei7.e not,hing, they do not contract 
spirnHy. BiJltonia venusta ascended" vertical stick by spiraHy 
twining and by sei7,ing it alternately with its two tendrils like a 
."ilor pulling himself up a rope hand over h"nd; our present 
species pulls itself straight up, like a sailor seizing with both 
h"uds together the rope above his head. 

l'he tendrils are "lmost identical in structure with those of tllO 
l ... t species. l'hey continue growing for some time, eveu after 
eJaspiug an object., and when fLllly grown, though borne bY!L young 
plaut, wcro V inches in length, Tho three divergent toes nre 

sl'o,·ter rcl"tively to the tarsus tlu", in tho former slloeies; they 
"ro bluut at. their tips "ud but slightly hooked; they arc not 
quite equal in length, one being rather longer than tho others. 
'fl.o outer surf"ees of the three toes are highly sensitive; for when 
liglltly rubbcd with a twig, thoy became perceptibly curved in 4111. 
and gr"'''tly curved in 7 m.; ill 7 h. they became straight again and 
ready to react. The tarsus, for a space of one inch close to the 
toes, is sensitive, but in a rather lcs8 degree tban the toes; fOt' 
after a slight rubbing this part required about twice as long a 
time to bend. Even the middle part of the tarsus, if ncted Oll 

Boon after tho tendril has arrived at m:ttw-ity, is ~eusitive to pi'o­
longed contnct. After the tendrilB have grown old, the senBitive­
ness is confined to the toes, when they will only curl very slowly 
rouno. a stick, The maturity of the tendril is shown by the 
divergence of the three toes, n.t which period their outer Bur­
faces first become irritable. The irritability of the tendril has 
little power of Bl'ren.ding from olle part to another: thus, wheu 
" stick was caught by tho part immediately beneath the three 
toes, these often remained sticking out, and never clasped the 
Btick. 

'fhe tendrils revolve spontaneously. The movement begins 
before the temlril is converted into a grapuel by the divel'gence 
of the toes, and before any I'"rt h ... become Bensitive; so that the 
re,'olving movement i8 at this enrly period quite useless. 'rhe move­
ment is at this timo slow, two ellipses being completed conjointly 
in 24 h. 18 m. When the tenel.ril was mature, au oil ipse was per­
formed in G h.; 80 that even "t this period the movement i. 
much slower than that of tbe internodes. Large ellipses were 
swcpt, both in vertical and horizontal planC8, hy the tendrils. 
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Not only the tendrils, but the petiol es bearing them, revolve; 
th ese petioles, )lOwever, are uot in the least sensitive. Thus the 
young illtemodcs, the petioles, :tad the tendrils, all at the saUle 
time, go on revolving together, but at different rates . ~foreoyer, 

tI ,e mo,ements of the opposite petioles and tendrils are quite 
independent of each other. Hence, when the whole shoot is 
allowed freely to revolve, not.hilJg mn be more intricate than 
the course and rate followed by the extremity of eacb tendriL A 
wide hemisphere "bove the shoot i. irregul"rly searched for some 
object to be gmspcd. 

One othcr curious point remains to be mentioned. Some few 
days a,fLcr the toes have closely clasped a stick, their blunt extre­
mities become, though not iJl variably, developed into irregular 
<li, k·like balls, wllich l"",e the singular power of adhering firmly 
to the wood . As similar cellnlar outgrowths will be fully de­
scribeu unuer B. cnprealaia, I will here say nothing more about 
them. 

B';gnonia ccqnillodialis, YI\I'. Glw.mb(wlaynii .-The internodes, 
I he eloll gated !lon·sensitiYe petioles, and the tendrils all have the 
\>OWO[' of revolving. 'The stem does not twine, but ascends a ver­
tiea.l stick ill the sa.me manner as the last species. The tendrils 
I'escmble those of the last species, but are shorter; the three 
1. 0C8 a.rc more ttllcqnal ill length, two of them being about OI1C­

third shorter, and rather thinner than the third; but they YMY 
in these respects. They terminate in sm:tll hard points; and 
what is import:tnt, they do not develope cellular adhesive disks. 
The reduced si7.e of two of the t oes, ron d their lessened sensitive­
ness, seem to indicnte a tendency to th eir abortion; and the first­
formed tendrils on one of my plants were sometimes quite simple. 
IV c arc thus nutumlly led to the three following species with 
simple undivided tendrils. 

Bignonia spedoBa.-The young shoots r evolve irregularly, 
lIlahing na.rrow ell ipses, or spires 01' ci rcles, at rates \rarying from 
:{ Ii. 30 m. to 4 h. 40 Ill.; but the plant shows no tendency to twine. 
'Whilst very young and not requiring "ny support it does not 
produce teudrils. The teudrils of 11 rather young plaut were five 
inches in length ; they revolve spontaneously, a8 do the short 
and not sengitive petioles. The tendrils, when rubbed, slowly 
hcnd to the rubbed side, and subsBquently straighten themselves; 
bllt they nre not highly seMitive. 'fhere is something strange in 
ill eir netion: I repeatedly placed upright, tbick and thill, rough 
and smuoth sLicks and posts, "ud string susllended vertically, near 
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them; but these objects were not well seized. The tendrils, after 
clasping fin upright Btick, repeatedly loosed it agam; often 
they would not seize it at all, or their extremities did not coil 
closely round it. I have observed hundreds of tondrils in Cucnr· 
bitnccous, Passifloraceous, and Leguminous plants, and ncyel' ~n.w 
one behave in this manner. Whell, however, my plant had grown 
to a height of eight or nine feet, the tendrils acted much better; 
and aile or both regularly seized an adjoining, thin, uprigbt stick, 
not high up as with the three previous species, hnt in a nearly 
horizontal plane; thns the non· twining stem was enabled to 
ascend the stick. 

The simple undivided tendril ends in an almost straight, sharp, 
uncolourcd point. The whole termi""l part exhibits one od,1 
habit, wllicll in an animal would be cnllcd 0.11 instinct; for it con­
tinu"lIy searches for .. ny little dark hole into which to insert 
itself. I I",d two young plants; and, "fter 11Rving observed this 
h.-bit, I placed ne"r them posts, which either hud been bored by 
beetles, or which had bccome fissured in drying. The tendrils, by 
their OWIl movement and by that of the internodes, slowly traveJ[ed 
ovcr the surface of the wood, and when the apex came to a hole 
or fissure it inserted itself; for this purpose the terminal part, 
half or quarter of au inch in length, often bent itself at right 
angles to tIle basal part. .I have watched this proecss between 
twenty aud thirty times. The same tendril'would frequently 
withdraw from one hole and insert its point into a second one. I 
have seell a tendril keep its point in one instance for 20 h. and 
in another instance for 36 h. in a minute hole, and then with­
dro.w it. 

'Whilst tho point of II tendril is thus temporarily inserted, the 
opposite tendril goes on rCl'olving. The whole length of a tendri!" 
often fits itself closely to the surface of the wood with whic1t 
it is in contact; and I have seen a tendril bend at right angles 
and place itself in a wide and deep fissure, with the ape" again 
abruptly bent and inserted into a minnte lateral hole. After a 
tendril has clasped a stick, it contracts spirally; if it catches 
llothing, it does not contract. ",Vben it has adapted itself to the 
inequalities of a thick post, though it has clasped nothing, or 
when it has inserted its "pex into some little fissure, the stimulus 
suffices to induce spiral contractioll; and this contraction always 
draws the tendril away from t.lle post. So that in every case the 
above ·described nicely adapted movemen(os were absolutely use­
less, excepting ollee when the tip berame ja.mllled in a narrow 
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fi 8sure. I fully expected, from tho analogy of B . capreolata and 
B. littora.lis, that tho tip would have developed itself into an 
adhesive disk; hut I could never detect even " trace of this 
process. Improbable"H t:he view may be, I am led to suspect that 
this habit in the tendril of inserting its tip into darl, holes "nd 
crevices has been inherited by the plaut after h .. ving lost the power 
of forming adhesive disk •. 

Bigllonia picta.-'l'his species closely resemble. the last in the 
structure and movements of its tendrils. I easun.lly e."mined a 
fine growing plant of the allied B. Lindleyi, aud this appnrently 
bch:l.VCS in all respects in the sa.me manner. 

B':'1nonia cup1·eolata.- "\Ve now come to n. species having ten­
dril . of a different type: but first for the internodes. A young 
"hoot Illade three largo rOl'olu t ious, foll owing the sun, at "n 
a\'o""ge rate of 2 h. 23 m. 'l'he stom is thin and flexible, and I have 
seen one make four regular spiral turns rOllud a thin upright stick, 
ascending, of COlU'Se, from right to left, nnd therefore in " reversed 
dil'cdion compn" cd with tho RrEit-described species i but after­
" '3rds, from the interference of the tendrils, it ascended either 
straight up the stick or in an irregulnr spire. These tendrils are 
hi ghly remarkn.ble. I n a young plant they were about 2t inches 
in lengtb, Il.uti much bmnclled, the fi "e chief branches npparently 
representing two pairs of leaflets and" terminal one; each branch 
is billd or more com monly trifitl toward ita extremity, with nll tbe 
points blunt but distinctly hooked. A tendril when lightly rub­
bed bends to that side, and subsequently becomes str"ight again; 
but a loop of thread weighing tth of .. grain produced no effect. 
The terminn.1 branches of a teudril twice hecame in 10 m. slightly 
curved ,,·hell tonching a stick; and iu 30 m. the tips 'curled quite 
round the stick: the busal part i8 le88 8ensitive. The t endrils 
revolve in an apparcnt,ly caprjciolls manner, sometimes not nt an, 
or very slightly, but at otl,er times they describe large regnlar 
ellipses. I could detect no spontaneous movement in the petioles. 

A t the same t ime tha.t the tendrils are revohing more or less 
)'rg lll:ll'ly, another renml'lm.ble movement first begins; the tendrils 
slowly begin to bend from the light towards lhe darkest side of tbe 
house. I repeatedly changed tllC posit.ion of my plants, and the 
successively formed tenuril s always ended by pointing, some little 
timc after t. he revolving UlIJ"emcnt had quite ceased, to the darkest 
.ide. But when I placed a thick post near" tendril , and between 
it aud the light, the tendri l pointed in t hat di rection . In two in­
. l :UlCCS " pair of lenvc. stood so thnt one tendril was directed to-
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wards tbe 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 righ t over its fellow, so tbat the two became parallel, 
one above the other, both pointing to the d,,,k: I tben turned the 
plant balfround; and the tendril which had turned over recovered 
its original posit,ion, and the opposite one, which had not moved 
before, now turned right over to the dark side. Lastly, au anotber 
plant, tbr.e pairs of tendrils were produced by three shoots at the 
same time, and all happened to be differently directed: I placed 
the pot in a box open only on one side, and obliquely facing tbe 
light ; in two days all six tendrils pointed witb unerring truth to 
the darkest corner of the hox, though to do this eacb had to bend 
in a difl'crent manner. Six tn.ttered fings could not have pointed 
more truly from the wind tb"" did these branched tendrils from 
the stream of light which entered tbe box. I left tbese tendrils 
undisturbed for "bo,'e 24 h., and then tUTlled the pot balf round ; 
but they bad now lost the power of movement, so that they could 
not any longer avoid the light. 

When It tendril hM not sncceeded, eitber through its own reo 
volving movement or that of the shoot, or by turning towards any 
object which intercepts the light, in clasping" support, it hend. 
vertically downwards and theu towards its own stem, which it 
scizes together with the supporting stick, if there be one. A little 
aid is thus given in keeping the .tem secure: If the tendril 
seizcs nothing, it does not contract spirally, but soon withers away 
and drops otr. If it does seize an object, all its branches contract 
spirally. 

I Imve stated tI, at, after a tendril has come into contact with a 
stick, in about I,alf an bour it bends round it ; but I repeatedly 
observed, as with B . spcciosa and its allies, that it again loosed 
the stiel,: sometimes it seized and loosed the same stick three or 
four t imes. Knowing that the tendril. avoided the light, I gavc 
them a glass tuhe blackcned within, and a well·blackened zinc 
plate: t he branches cnrled round the tnbe and abruptly bent them· 
selves round the edges of the zinc plate; but they soon recoiled, 
with what I can only call disgust, from these objects, and straight­
ened themselves. I then placed close to a pair of tendrils a post 
with extremely rugged bark; twice the tendrils touched it for an 
hour or two, and twice thcy withdrew; at last one of the hooked 
extremities curl cd rouud and firmly seized an excessively minute 
projecting point of bark, "nd then the other branches spread them· 
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sc h'c!:! out, follow ing wiLh ac('.uracy el'CI'Y iilequaJity of t-he SUI'· 
fnce. I theu placed n, post without lmrk , bllt much fissured, and 
the points of the Leudri ls crnwled into all the crevices in a beau­
tiful mauner. 'fo my ~urprjsc, I observed tha.t the t ips of immu.· 
ture tendrils, with tbe bmnches not yet fully separated, likew ise 
crfLwlml , just like roots, into the minutest crevices. In two ot' 
three d"Y8 after the tips had thus c,""wled into the erevices, or 
after their hooked ends lmd sei1.ed some minute point, the final 
proccsR, now to be described., commnnced. 

Thi s process I di scovered by "aving accidentally left a piece of 
\1"001 nenr a tendril . 1 then bound II. quantity of flnx, moss, aud 
wool (the wool must not be dyed, for these tendrils are ex ­
ecssivaly sensit ive 1.0 Bome pois01,") loosoly rOllnd sticks, and placed 
j hem near tendrils . 'l'ho honked poi nts soon caught the fibrcR, 
C\'en loosely fl oati ng fibre~, and now there wns no recoil ing; on the 
contrary, the exeitemcn!; from the fibres caused the hooks to pene­
trate the fibrous matter and to curl inwards, so tl,at cach hook 
firmly caught one or two fibres, or R small bundle of them. The 
tips and tho iuner surfaces of the hooks now bcgau to swell, and 
in two or threc days eoulet be seeu to he visihly enlarged. After 
a few more da.ys the hool{f~ werc converted into whitish, irregular 
balls, ",ther above the n,t.h of .tll inch in diameter, and formed of 
conrse ccllul:J.r tissue, which sometimes wholly enveloped and 
concealed the llOoks \.l, em'e!ve' . The surfaces oftueae balls secrete 
some viscid resillous matter, to which the fibres of the fl ax, &c. 
adhere. \Vhen" fibre has become fastened to the surface, the cel­
lul ar i.issue doe. not grow directly beneath it, but continucs·to grow 
closely on ench side; so that when several adjoinin g fibres, though 
excessively thin, wore caught" 80 mn.uy crest·s of ceHular matte r, 
each nof; as thick as n. human llnir, grew 11p between themJ and 
these, arching over on both sides, grew firmly together. As the 
whole surface of the ball continues to grow, fresh fibres adhere 
nnd are enveloped; so that I have SCen " li ttle ban with between 
(my aud sixty fib res of nnx crossi ng at various angles, all imbedded 
more or less deeply. Every gradation in the process conld be 
SCCIl-some fibres merely sticJ{illg to the surf.'lce, others ly ing in 
1Il0re or less deep furrows, or deeply imbedded, or passing through 
t i,e yery centre of tllC cellular ball. The imbedded fibres are 
so closely clasped that they cnnnot be withdrawn . The cellular 
olltgrowth llOS sllch" tendency to Hllite, that two balls pro­
duced from two bra.uches somet.imes grow into a single one. 



T.ENDRU.·TIEA.RERS. 50 

On one occasion, when It tendril had curled round B small stick, 
half an inch in diameter, an adhesive disk was formed; but gene­
rally the tendrils can do nothing with smooth sticks or posts. If, 
however, the tip of anyone branch can curl round the minutest 
projecting point, the otber branches will form disks, especially if 
they can find crevices to crawl into. The tendril qnite fails to 
attach itself to It brick wall. 

I infer tbat the disks or balls secrete some resinons adhesive 
matter, from the adherence of the fibres to them, but more espe­
cially from such fibres becoming loose after immersion in sul­
phuric ether, which likewise removes small, brown,glistening points 
tlmt can generally be seen on the surface of the older disks. If 
the hooked extremities of the tendrils touch notbing, the cellular 
outgrowth, :\s fnr as I hnve seOB, Hevor COlumcnces j but tcm.~ 

]lOmry contact during a moderttte time causcs small disks to ho 
formed. I have Reen eight disks developed on one tendril. After 
the development of the disks, the tendl'ils, whicb now become 
spirally contracted, likewise become woody and very strong. A 
tend,·il in this state supported nearly seven ounces, and would 
apparently have supported a considerably greater weigbt had not 
the fibres of flax to which the disks were attached yielded. 

From the facts above given, I infer that though the tendrils 
of this B~9"o"ia can occasionally adhere tosmootb cylindrical 
sticks and often to Tugged bark, yet tbat they are specially adapted 
to climb trees clothed with lichens, mosses, or with Polypodi/t?Jt 
incanun" which I hear from Professor Asa Gray is tbe case with 
the forest-trees where this Bigno"ia grows. Finally, it is a highly 
remarkable fact that a leaf should become metamorphosed into a 
branched organ which turns from the ligbt, and which call by its 
extremities either crawl like roots into crevices, or seize hold of 
minute projecting points, these extremities subsequently forlll­
ing cellular masses which envelope by their growtb the finest fibres 
and secrete a.n adhesive cement. 

Eccrcmocarpus scaber (B~9"oniace<1J).-Plants in the grecn­
house, though growing pretty well, showed no spontaneous movc­
ments in their shoots or tendrils; but, removed to the bot-house, 
t.he young internodes revolved at rates varying from 3 h. 15m. to 
1 h. 13 m.: at this latter unusually quick rate one large circle 
was swcpt; but genemlly thc circles or ellipses were small, and 
sometimes the course pursued WfI,S extremely irregular. An inter­
node which had made several revolutions would sometimes stllud 
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quite still for 12 h. or 18 h., and theu reeolnmenee revolving; such 
strongly marked interruptions in the movements I have observed 
ill no other plant. 

The leaves bear four leaflets, themselves subdivided, and termi­
nate ill " much-branched tendril. The main petiole of the leaf, 
whilst young, moves spontaneo usly by curving itself, nnd follows 
lI early the sa.me irregular COUl'se, nud at about the s~me ra.te, with 
th e internodes. The movement to and from tbe stem is nnturaUy 
the Illost cOllspicuous, nnd I have seen the chord of the curved 
petiole formi ng an angle of 59° with the stem, and an hour after­
wards an au gle of lOGO. The t\yO opposite petioles do not move 
toget.her, and onc is somc(;llllcS raised so much as to stand close to 
th e stem whil st the otl,er i. not fnr from hor izontal. The basal part 
of Lhe pdiole moves Ie.s thau the distal part. The tendrils, be­
sides being carried by the movi ng petioles nnd internodes, them­
sclves move . pont,meously, and the opposite tendrils occasionally 
mOl'C in opposite directions. By these several movements of the 
young internodes, of tbe petioles, and of th e tendrils, aU acting 
together, n wider space is swept for n support. 

III young pl.,uts, the tendrils are about three inches in length: 
they benr two lateral am1 two terminal branches; and each branch 
bifurcates twice, with the t ips forming blunt double hooks, having 
both points directed to the ,:une side. All the branches are sen­
Ritive on "U sides ; rtnd "fter beiug lightly rubbed, or after coming 
in to con tad with a stick, they bend in abont 10 m. One tl",t be­
cnme, nfter a light rub, curved in 10 m., continued bending for 
between 3 h. and 4 h., but subsequently in 8 h. or 9 h. became 
sLraight agrtin. Tendril., which have caught nothing, ult imately 
contract io to au irregular spiro, as they do also, only mnch more 
quieldy, "fter clasping n. support. III both enses the petiole bear­
ing the leafl ets, which "t first is straight and incliued n little 
upwards, moves dOWliwards "nd abruptly bend. itself ill the middle 
iuto n. right :mg1e; but thi:=:t is morc pla.inly seen ill E. miniatus 
tb.tn in E .• eaber. The rtcUon of the ·tendril . in the Eeor.mo­

on'l}1{' is ill some respects .tlIalogous to that of the tendrils of 
Bigllollia oaprealala; but the whole tendril does not move from 
1 he light, nor do the hooked tips become elllarged into cellular 
.lisk.. After the tendrils havc come into contact with moderately 
thiel, cylindri cal sticks or with rugged bark, the several branches 
lIIay be observed slowly t,o lift them. elvcs up, change their posi­
tion, rtull again come into conbtCt with them. The object of Lbese 
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movements is that tbo double books at the extremities of tho 
bmnches, which naturally face in all directions, may be brought 
into contact with tho wood. I have watched a tendril, which had 
bent itHclf at right augles abruptly round the sharp corner of a 
past,nently bring every single hook iuto contact with both Burfaces. 
The appearance suggested the belief, that thongh the whole tendril 
is not sensitive to light, yet that the tips are so, and that they 
turn and twist themselves towards any opaque surface. 'Ultimately 
the branches arrange and fit themselves very neatly to all the irre­
gul:trities of the most rugged bark, so that they resemble in 
their irregular cours!) LL river with its branches, BS engraved on 
a map. But when a tendril l,as thus arra.nged itself round " 
rather thick smooth stick, the subsequent spiral contraction 
generally spoils tho neat arrnngement, "nd dr"ws the tendril 
from its support. So it is, but not in quite so marked a manner, 
when a tendril has spread itself over the rugged bark of a thick 
trunk; for in this case the spiral contraction of the opJlo_i te 
branches sometime_ draw_ the opposed hooks firmly to their 
supports. Hence we may conclude that these tendrils are not 
perfectly adapted to seize _mooth moderately thick sticks or rug­
ged bark. \Vben a thin stick or twig is placed n~ar a tendril, 
its terminal branches wind quite round it and seize their own 
lower branches or main stem; and the _tick is thus firmly, but 
not neatly, grasped. 'l'he extremities of the branches, close to the 
little double hook_, have a strong tendency to curl inwards, and 
are excited to this movement by contact with the thinnest objects. 
This accounts for the tendrils apparently preferring such object. 
as excessively thin cnlms of a grass, or the long flexible bristles 
of a brnsh, or the thin rigid leaves of an Asparagus, all which 
objects they seized in an admirable manner; for the tips of 
each sub-branch seized one, two, or three of the bristles, for in­
stance, 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, and afforded an 
excellent support. 

POLEMONIAcEE.-Cab",a scanaem.-This is an admirably con­
structed climber. The terminal portion of the petiole, whicll 
forms the tendril, was in one very fine specimen eleven inches in 
length, with the basal part bearing two pairs of leaflets, only two 
"nd a llltlfinches in length. 'rhe tendril of the Coba;a revolves marc 
rapi{lly "nd vigorously than in any other plant observed by me, 
with the exception of one Pas. illaTa. It made three fine large, nearly 
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circ ular sweeps , n.g:tl11St the BUll , each in 1 h. 15 tn ., and two others 
in 1 h. 20 m. find 1 h. 23 m. Sometim es it travels in a much in­
c1illed position, and sometim es nenrly upright. The lower pnrt 
moves lJU~ lit~l e, and the basal portion or petiole, wbieh bears the 
leaAets, not at all ; nor do th e internodes revolve ; so that here we 
have the tendril alone moving. vVith most of tbe species of 
B(qnonia and wjth E cc1'CmOCG1pus, the internodes, tendrils, and 
peti oles all rcvolve. 'fhe long, B ~raigbt, tapering main stem of the 
tendril of the Coba:(1 boars ,,"ltem ate branches; and each branch is 
seyera.l tim es divided, with the finer bra.nches a-8 thin as very thin 
bristles, extremely fi ex ible, 80 that th ey are blown about by a 
h,.cath of It;]" , yet strong auel highly clastic. The extremity of 
caeh b,."nch is It Iil:Oe fiaUclled, au,] terminates in • miJlu~e ,louble 
(but sometimes single) hook, formed of hard, transparent, woody 
substallc('t" n.lJd as sharp as the fillest needle. Ou the eleven-inch 
te",h·il 1 coun Led ninet.y-four of these beautifuUy constructed 
littl e hook.. TIley rcadily c"tch 80ft wood, or gloves, or the skin 
of the hands. Excepti ng these hardened hooks, and excepting 
the lms:.] p:\I"t of the cen!.ral stem of the tendril , every pnrt of 
cvery brunch is highly sensitive on nil sides to a slight touch, and 
bends in a rew minutes towards the touched side. By lightly 
rubbing several bmnches on di ll"erent and opposito sides, the whole 
~endril mpidly assumes an extraordinarily crooked shape : these 
movements from con tact do not interfere with the ordinary re­
volvin g movement. 'l'he ural.lches, aftrr becoming greatly curved 
from being touched, straighten themselves at a quicker rate than 
in almost any o~her I,endril seen by me, namely, in between half 
a ll hour "nd an hour. After ~he tendril has c",ught any object, 
the spira.! contraction also beg ins after an unusuaUy short interval 
of time, namely, in about twelve hours. 

Before t.he teudril is mature, th e ~enninal bmIlches cob ere ami 
the hook. are curled closely in wards : at this period no part is sensi­
!.ive to a touch ; but as suon as .ll the branches have diverged ane] 
the hooks stand out, full sensitiveness is acquired. It is" singular 
circmnsiallcc timt the immature tendril, before becoming sensitive, 
begins to revolve at its full velocity: ~bis movement must be llSC­

leB., as the tendril in thi s .tnte enn catch nothing: it is a rare 
in ~ t ance of n. waut, though only for a. short tim e, of perfect co­
n.d:1.11tati on in the structure and fuuctions of a climbing-plant. 
The peliole with the lemh·il perfectly matured, but wi~h the leaf­
let. still qui te small , stand. at this period vertically upwards, the 
young j.{I'OWillg shoot or axis being thrown to one s ide. The ten-
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dril thus .t"uding vertic"lly up sweeps a cirele right above the stem, 
"nd is well adapted te catch some object "bove, and to f"vour tho 
ascent of the plant. The whole leaf, "'ith its tendril, after a short 
time, bends downwards to one Aide, allowing the next succeeding 
leaf to become vertical, a"d ultimately it assumes !l. horizontal 
position; bllt, before this has occurred, the tendril, supposing it 
to have caught nothing, has lost its lJOwers of movement and hM 
spi"'11y contracted into an entangled mass. In accordance with 
the r:tpidity of all the movements, their duration is short: in a 
plant growing vigorously from being placed iu a hot-house, a 
tendril ouly revolved for about 36 hours, counting from the period 
when it became semitive; but during this period it probably 
made at least 27 revolutions. 

When the bmllch.s of" revolving tendril strike against" stiel" 
they quickly bend round and elasp it; but the little hooks play 
an important part, especially if only the extremity of the tendril 
be c.~ught, in preventing its being dragged by the rapid revolving 
movement away too quickly for its irritability to act. As soon 
l\3 '" t endril has bent round" smooth stick 01' a thick rugged post, 
or has come inte contact with planed wood (for it can at least 
temporarily !tdhere even to so smooth" surface as this), the same 
peculiar movements begin in the branch lets as bave been describcd 
in those of the B~9no"ia capreolata and the Eccrcmocarpus, namely, 
tllC branchlets lift themselves up and down; those, however, wbich 
have their hooks already directed downwards remain in this posi­
tion :tnd secme the tendril, whilst the others twist about till they 
arrange themselves ill conformity with every irregularity of the 
Burfaco, and bring their hooks, originally facing in variouB direc­
tions, into contact with the wood. The use of the hooks was 
shown by giving the tendrils tubes and slips of glass te catch; for 
theBo, though temporarily seized, were afterwards invariably lost, 
either during the arrangement of the branches or wheu the spiral 
contraction emmed. 

The perfect manner in which the branches arrange themselves, 
creeping like rootlets over all tho inequalities and into any deep 
crevirc, is ~uite a pretty sight; for it is perbapB more effec­
tually done than by the tendrils of the former species, and is cer­
tai.nly more conspicuous, as the upper surfaces of the maill stem 
and of every branch to the extreme books are angulnr and coloured 
green, whilst the lower surfaces nre rounded "nd purple. I was 
led to iufer, a. in the fOl'tner CasCB, that light guided these con­
forming movements of the branches of the tendrils. I made 
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Illany trials with black and white glass and cards to prove it, but 
I~Lileu from various causes; yet tJlese trials countena.nced the 
belief. The tendril mny be looked at as a leaf split into filaments, 
\vith t.he segments facing in all directions; hence, when the revolv~ 
iug movement is arrested, so that the light shines on them 
stendily in one direction, there is nothing Burprising in their 
upper surfaces turuing towards the light: now this may aid, but 
will Ilotaccountfor, the whole movement; for the segments would 
in this case move towards the light as well as turn ronnd to it, 
whereas in truth the segments or branches of the tendrils not only 
turn their upper surfaces to the light, and their lower surfaces 
which bear the hooks to auy closely a(\joiniug opaque object (that 
is, to the dark), bnt they actually curve or bend from the light 
to\vurds the dark. 

'Vhen the GobaJ" grows in the open Itir, the wind mnst aid the 
ext.remely flexible tenarils in seizing a support, for I found a mere 
brcath sufficc,l to cause the extreme branches of" tendril to catch 
by their books twigs which they coula not have reached by the 
rcvoh'ing movement. It might have been thought that a tendril 
thus llOokca only by its extrcmit.y could not have fairly grasped its 
support. But several times I wILtchea cases like the following, 
one of which ILloue I will describo: 0. tendril caught a thin stick 
by tho hooks of one of its two extremo branches; though thus 
held by the tip, it continued to try to revolve, hawing itself out to 
all sides, and thus moving its branches; tho other e .. treme branch 
Aoon caught the stick; the first branch then loosed itself, and 
then, arranging itself afresh, again caught hold. After a time, from 
tho continued movement of the tendril, " third branch became 
caught by a single extreme hook; no other branches, as things then 
remained, could possibl), havo touched the stick; but hefore long 
tho main stem, towards its extremity, began just perceptibly to 
contra-ct into au open spire, and thus to shorten itself (dragging 
the whole shoot towaras the stick), and as it continued to try to 
revolve, a fourth branch was brought into contact. As the spiral 
contraction trltvellea aown the main stem and down the branches 
of thc tendril; all the lower branches, one after auother, were 
brought into contuct with the stick, and were wound round it and 
rouna their own branches until tho whole was tied together in an 
inextricable knot rouna the stick. The branches of a tendril, 
though at first su flexible, after having clasped a support for 
It tillie, become rigid aud evcn stronger t,han they were at first. 
Thus tho plant is secured to its slIpport in " perfect manner. 



G5 

LEOU p. r· r ~OSi'E.-Pisumsativum..-The co'mmOl1 Pea. was the sub­
ject of a ""lu"ble memoir by Dutrochct*, who discovered that 
both t ho internodes alld tendrils revolved in ellipses. The ellipses 
are generally very narrow, bnt sometimes approach to circles, r 
Re\'cml t imes observed that the louger axis slowly chauged its 
direction, which is of importance, as the tendril thus sweeps a 
lUnch wider circuit. Owing to this chauge of direction, and 
likewise to the movement of the stem towards the light, the 
successive irregular ellipses generally form an irregular Bpire. 
r have thought it worth while Fig. 6 . . 
to an ncxatracillg oftIlccourse Diagram ehowing tho movement 
pursued by the tIppet' inter- of the upper int.ernodes of the com-
node (the movement of the mOil P ell , I.rnccd on n. hcmi8ph~rjclll 

tendril uciJJg nogleded) of a ~~i(~~d {l~~~~.:~:t~I~~C~I~~. to (x~~~rieW' 
you ng pln.nt from 8.40 A.M. to 
0.15 }'.11{. The course wns 
traced 011" hemispherical glass 
placed over the plaut, alld the 
dots with fi gures give tho hours 
of observation; each dot was 
joined by a straight lino , no 
doubt these liues, if the course 
had boen observed at shorter 
intervals, would have been "II 
curvilinear. The extremity of 
t he petiole, "'here the young 
tendril arises, waa 2 inches 
from the glass, so that if It 

pencil 2 inches long had been 
in imagi natioll affixed to the 
petiole, it would In""e traced 
the annexed figure on the 
uuder side of the glltSs; but 
it must be remembered that 
the figure is here reduced one­
half. Neglecting the first great 
sweep to\\-ards t he light or 
window, the eud of the pe-

Side of room with window. 

1. 846A.M. 9. 1 551'.1\1. 16.52:ip.M 
2.100 .. 10.225 " 17.550 .. 
3. n 0 .. 11. 30" 18.625,. 
4. 11 :\7 " 12.330 " 19.7 0 " 
6. 12 7r.M. 13. 348.. 20.145 .. 
6. 1230,. 14. 4040" .21.830 ,. 

h. m. I h. m. I h. m. 

7.10" 15.56 .. 22.915 .. 
tiolo swept ::L space 4 inches 8. 1 30 .. 

across in one direction, and 3 inches in another. As a full­
growu tendril is eOllsiclembly above 2 inches in length, and ltS th e 

* Compt('s Helldtl !! , tom. xvii, 181·3 , p. DSf! . 
LI NN. J'ROC.--TIOTA"Nr , YQf ., I X. 
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tendril itself bends and revo1\'c8 in harmony with the internode, 
n considArably wider spnce thau that here specified (and repre­
sented oue-half reduced) is swept. Dutrochet observed an ellipse 
completed in Ih.20m.; I saw one completed in lh. 30m. The 
direction followed is vM"iable, either with or against the sun. 

Dutrocbet asserts t1mt the petiole of the leaf spontaneonsly 
moves, as well ItS the young internodes and tendrils; but he 
does not say tbat ho secured the internodes; when this was done, 
I never detected any movement in tho petiole, except to and 
from the light. 

The tendrils, on tbe other hand, when the internodes and pe­
tIOles were secured, described irregular spires or regu"'r ellipses, 
exactly like those m"de by the internodes. A young tendril, only 
1 k inch in length, revolved. Dntrochet has shown tbat when 
n plnnt is placcd ill " room, so t;illtt the light entcrs laterally, the 
internodes trnvcl much quicker to the light than from it: on the 
other Imud, he nsserts that the tendril itself moves from the light 
towards the dark side of the room. With due defereneo to this 
gre"t observer, I thiuk he wns mistaken, owing to his not having 
secured the internodes. I took It young plant with highly sensi­
tivo tendrils, and tied the petiole so that the tendril nlone could 
move; it completed n perfect ellipse in lh. 30m.; and I then turned 
the plant half round, so that the opposite side faced the light, but 
tbis made no change in the direction of the succeeding ellipse. 
The next dny I watched n phmt 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 
bent itself down at the tlVO ends of its elliptical course into a line 
n little bene"th the horizon, thus travelling more than 180 degrees; 
but tho curvature was fllily as grent towards the light"" towards 
the dark side of the room. I believe Dutrochet was misled by not 
lULving secured the internodes, all(l by having observed a plant of 
which the internodes and tendrils, from inequality of age, no 
longer curved or moved in Imrmony together. 

Dutrochet made no ObSCl'vntiollS on the sensitiveness of the 
tendrils; these, whilst youug Mel about "D inch in lellgt.h, with 
the leaflets on the petiole only l'n.rtially expanded, are highly 
sensitive; a single light touch with" twig on the inferior or eon­
cn,ve surface near the tip clmsell them quickly to bend, as did 
occ"~ionally It loop of thread weighing one-seventh of a grain. 
'Phe upper or convex slIrfn.cc is ba.rely or nob at aU sensitive. 
A ftc,' vending fro III " lOIlGh the tendril straightened itself in 
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about two hours, and Wll9 ready to ItCt again. As eoon as tbe 
tendrils begin to grow old their extremities become hooked, and 
they tben "ppear, with their two or three pairs of branches, an 
admirable grappling instrument; but this is not really the ca~o, 
for at this period the tips have generally quite lost their sensitive­
ness; when booked on to twigs some were not at an a/l'ected, and 
otbers required from ISh. to 24h. to clasp the twigs. Ultimately 
tho lateral branches of the tendril, but not the middlo or main 
stem, contract spirally. 

Latkyrus apluwa,-As the tendril here replaces the whole leaf 
(except occasionally in very young plants), the leaf itself being 
replaced in function by tho large stipnles, it might have been ex­
pected that tho tendrils would have been highly organized; thi., 
however, is uot so. They Itro moderately long, tbin, and Ull­

brnnched, with their tips slightly curved: they aro sensitivo whil.t 
young on "lIsidcs, but chiefly on the coucave side of tho extre­
mity. Thoy l""vo no spontnneous revolving power, but are at first 
inc1iucu ufJ"'llrds at .1D nngle of about 45°, then movo into 11 hori­
zontal llositiou, and ultilMtely bend downwards. The young 
iuternodes, on the other hand, revolvc in ellipses, nnd cnrry with 
them the tcndl'ils: two ellipses were completed, each in nearly 
G h.; the longer axes of these two, and of some subsequently 
formed ellipses, were directed at about an angle of 450 froUl the 
line of the axis of the previous ellipse. 

Latllyl'/ts grandijlorus.-Tbe plants observed were young, and 
not growiug vigoronsly, yet sufficiently so, I thinl" for my observ,,­
tions to be trusted. Here we have the rara case of neither inter­
nodes nor tendrils having any spontaneous revolving power. Tho 
tendrils in vigorous plnnts are aboyo 4 inches in length, and are 
often twice divided into three brallc.hes; the tillS are curved and 
are sensitive on the concnvesido; the lower part of the central stem 
is JInrdly at all sensitive. Hellce this plant climbs silllply by its 
tendrils being brollght, through the growth oftha stem, or tIle more 
efficient aid of the wind, into contact with surrounding objects, 
which "re then effcctually clasped. I may add t11!1t tllO tendrils, 01' 

the interuodes, 01' both, of Vicia sativa spontaneously revolve. 
COMPOSIT.E. -Mutisia clelllatis.-'l'he ellormous family of Com­

positro is well known to include very few climbing plants. ,Ve 
have seen in the Table ill the first Part that .lI1ikania is " regular 
twiner, and M,ttisia is the only genus, us far as I can learn, which 
bears tell(l!·ils: it is thcrefore interesting to discover that these 
tendrils, though I'",ther less mct"llIorphosed frolll their primordial 

F 2 



(i8 MIt. l)AHWr N ON C[,nrUING l'I~ANTS. 

foliar ""t ure than most oth er tcudr ils, yet display all the ordinary 
clmrad eris tic movements , both th ose that are spontaneous and 
tl,o.e excite,l by contact. 

The long leaf bears seven or eight alternate leaflets, and termi­
nntcs jll n tendriJ which, ill n plant of considera.ble size, was 5 
inches in length . It consists generally of three bmnches, which 
ev idently represent in It much olongated eondition the petioles and 
midribs of three lcaflets; for the branches of the tendril are exactly 
lilee the petioles and midribs of the leaflets, being square on the 
upper surface, furrowed, and edged with green. Moreover, in the 
plaut whilst quite young, the green edging to the brancbes of 
thc tendrils som etimes e xpands iuto nn-rrow Jaminre or blades. 
]I,wh hnmeh is curved " MHe downwards, aud is slightly hooked 
at its ext,·emity. 

An IIppe" youn~ internode revolved, judging from three revolu­
tions, at au "" erage mte of 1 h. 118m.; it swept ellipses with the 
l on ~c ,' '''cs dirccted "t right an gles to each other; the plant, "'p­
p:1,rcntiy, cannot twin e. 11110 petiole which beal's the te ndril, and 
fr he; tendril itself, nre both in constant movement. But the move­
ment is slower "n,1 much le. s regularly elliptical than that of the 
intern odes ; it is, apparently, much affeded by the light, for the 
whole lcnf u. ually sanl, during tho night and rose duriug the day, 
mov ing in a erool,ed course t o th e west. The tips of the tendrils 
are highly sensitive on th cir lower surfaces: one just touched wi th 
n. twjg bccnme pcrceptibly curved ill 3 m'l and another became 50 

in Gm.; the upper surfa.ce is not Itt all sensitive ; the sides n.re 
modemtely scnsitive, so tht two branches rubbed on their ad­
joining sides converged aud croased each other. The petiole of tho 
leaf "nd the lower part of the tendril, halfway between the upper 
leaflet nnd th e lowe.t tendril-branch, are not sensitive. A t endril 
after curling from a tonch became st raight again in about 6h., and 
was rcady to react ; bnt oue tha,t had bcen so roughly rllbbed ItS 

to have coileo into a heli x WitS not perfectly straight ",fter 13h. 
'rhe t,cndril l'\ ret.n.ill t;heir BC I\ 8-\bility to an unu sual age ; for one 
borne hy n, leaf, with lim 0 " six full y developed leaves above it, WItS 

.till nctivc. If a tendril m l'chcs nothing, the tipa of its branches, 
after a con. idera,ble interval of time, spontaneously curl a little 
i",,,nnl.; but if the tendril has clltSped some object, the whole 
lcngth conlracts spirally. 

S ~rll ,Ac E .:r, .-Smilt1.'t" GSjJ'!1"a, val". 1llflC ltwtn.-Aug. St. ~lIill\,ire:t 

t:on ~idcl'R 1 he tendrils which rise .in rairs from the petiole ns 

II Jlf't:;om~ dc B ottl nifJuc, &.c., 1841, p. 170. 
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modified latera!!eaflets; but Moh! (S. 41) ranks them as modified 
stiru!es. These tendril. are from I~ to If inch in length, are tIl in, 
and have slightly curved, pointed extremities. They diverge It 

little from each other, hut stand at first nearly upright. When 
lightly rubbed on either side, they slowly bend to that side, and 
subsequently become straight again. The back or convex side of a 
tendril placed in contact with a stick hecame just perceptibly 
curved in I h. 20m., hut did not completely surround the stick till 
48 h. had elapsed; the con­
CM'e Bide of another tendril 
became considerably curved 
in 2 h., and fairly clasped the 
stick in 5 h. As the ten,lrils 
grow old, tlwy diverge more 
from ench other and slowly 
bend towards the stem :tnd 
downwards, so tlmt they 
project on tbe opposite side 
of the stem to that on which 
they arise; tbey still retain 
their sensitiveness, and can 
clasp a support placed be­
hind the stem. Owing to 
this movement, the plant 
can ascend a thin upright 
stick, clasping it with the 
tendrils which arise from 
the leaves placed alternately 
on opposite sides of the 
stem. Ultimately the two 

Fig. 7. 

tendrils belonging to the Smil= a'1'et'a. 

same petiole, if they do not come into contnct with any object, 
cross eltch other (ItS at B ill fig. 7) behind the stem and loosely 
chsp it. This movement of the tendrils towards and round the 
stem is, to a certain extent, guided by the action of the light; 
for when the plant stood so that one of the two tendrils ill 
thus slowly moving had to travel towards the light, and the other 
from tIle light, the latter always travelled, as I repeatedly ob­
served, more quickly than its fellow. The tendrils do not cou­
tract spirally in allY case. Their chance of finding a snpport 
depends on the growth of tllO p\a.nt, on the wind, and on their 
own slow backwat<1 and downward movement, which is guided, to 
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a, certain extent, by tho movement from the light or towards any 
,1a,rk object; for 11eitllCr the internodes 110r tbe tendrils havo any 
proper revolving movement. From this latter circumstance1 from 
the slow movements of tho l;endrils after contact (thongh their 
scnsitiveness is retallied for all ullusuallength of time), from their 
simple strncturc and f:l.hortncss, this pJant shows less perfection 
in its means of climbing than any other tendril-bearing pJant 
obscl'Ycd by mc. 'Whilst YOll Ilg a)J{1 only a few inches in height, 
it do('~ not produce any tendrils; n,nd considering that it grows 
to Dilly about; 8 feet high, thnt the stom is zigzag, and is furnished, 
[lEi wnll :IS tlw pctio]e,~, with spinef'l, it is surprising tbat it should 
110- pro\'ided with t.clldrils, cOlllparatively inefficient . though they 
be. ~'11C plant might have been len, ono would havo thought, 
10 climb hy t,]1C oi,] of its spines alonc, like our brambles, ]Jut, 
1 hen, it belongs to ft, genus some of the species of which arc fur­
lli~hcd with Illllcb longer tClldl'i1R; and we may believe that S. 
a'<:p(?1'a is endowed with these orgalls solely from being descended 
fl'om progenitors morc highly organized in this respect. 

VU;\IAUrAC.E,;p,. - COI'/jdal£s clavicnlata. -According to l\iohl 
(S. 4a), both tbo leaves and the exkemities of the branches 
:\,re cOllverted into tendrils. In the specimens examined by 
me all the tendrils were cCl'tn.illly foliar, "nd it is hardly credible 
1,1Io.t tl,e ."me plaut should produce tendrils of such widely dif­
rerent homological nat.urea. Nevertheless, from this statement 
hy :Mobl, I have rauked this G01'!1da.lis amongst tendril-bearers; 
if' classed excl usively by its foliar tendrils, it would bo doubtful 
whet-her it ought not to lll,"o been placed "mongst le"f-climbers, 
with its allies, .l!'lIl1laria and AdI1lm;a. A large m,\jority of its 
so-called tendrils still bear leaflets, though excessively reduced in 
siw; some few of them Illay be properly designated as tendrils, for 
they nrc cOll1pletely destitute of lnminm or blades. Conseqnently 
we 110re behold n. plant in an ndual state of transition from a leaf­
dimbcr to a telHll'il-bearel'. 'Whilst the plant is YOllllg, only the 
outer leaves, but when full-grown all the leaves, have their extre­
mities more or less perfect;Jy converted into tendrils, I have 
examined specimens from one locality alone, viz.llampshire; and 
it is not improbable that plants growing under different conditions 
mig!.t have their lea\'es a little more or le8s changed into true 
tendrils. 

'Whilst the plant is '1uite young, the first-formed leaves are not 
modified in 'my way, but those next formed have their terminal 
leaflets retluce,\ in size, and soon all the leaves assume the strue-



TENDllIL·DEAREns. 71 

ture represented in the following diagram. This leaf bore nino 
leafl ets; the lower olles are much subdivided. The terminal 
portion of the petiole, abont It inch in length (above the leaflet 
(f) ), is thinner and more clongated than the lower part, and may 

Fig. 8. 

Cory(lalis claviculata. 
Leaf-tendril, of nnturnl size. 

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 lcngth and very narrow; one small leaflet measnred one­
twelfth of lin inch in length and one-seventy -fifth in breadth, so that 
it was almost microscopically minnte. All the rednced leaflets have 
branching nerves, and terminate in little spines like the fuUy de­
veloped leaflets. Every gradn tion can bo traced, until we come to 
branchlets (as a and d in the figure) wbicb show no vestige of "­
lamina or hlade. Occltsiolln.1ly all the terminal branchlets of the 
petiole are in this latter condition, and we then have n. true tendril. 

The Bevorlll terminal branches of the potiole bearing the much-
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"odncou leaflet" (t>, Ii, c, d) :we highly SOBBitive, [01'" loop of thread 
w(',ighing only the olle-sixteenth of a grain caused them, in under 
4h., to become greatly cUl'ved: when the loop was removed, the 
petiol es straightened thClllSC]YCS in about the same time. The 
-petiole (e) was rnther les8 sensitive; and in anot.ber specimen, in 
which tho correspouding petiole bOl'e rather larger leaflets, " loop 
of thread weighing ouc-eighth of a graiu did not cause curvature 
"uti! 18h. had elnpMd. TJoops of t,hrcad weighing one-fourth of", 
grain, left suspended 011 all the lower petioles (fto I) during several 
days, prodncod no effect. Yet the three petiolesj, g, and" are not 
qllit.c insensible, fol' when l(".ft in contact with a stick for a day or 
two they slowly curled round it. So that the sensibility of the 
petiole gr::dually dimini,hcs from tho tendril-like extremities to 
t,hc b:Hl.c. 'rhc iutcl'1lO(lcs n.rc not; at aU sensitive, which makes 
]I[ohl's statement that they afe sometimes converted into tendrils 
the more Rurprising, not to f:ny ltnprobnble. 

The whole leaf, whilst; young and sensitive, stands almost ver­
b enlly npwards., n.s we have seen is the case with many tendrils. 
] t is in eontil1ual lllOV C1llCllt, and one that I observcd swept 
largr, th ongh irrcgnl:u, ellipses, sometimes narrow, sometimes 
broarl, with their longer axes directed to different points of the 
comp:lss, at an average ra.te of a.bout 2h. for each revolution. The 
young internodes also, which bear the revolving leaves, likewise 
rcyolye irregularly in ellipses and spires; BO that by these com­
bined nlOyementa n considerable space is swept for 11 support. If 
t he terminal nud nttenuat;ed portion of the petiole fails in seizing 
:tuy object, it ultimately bends downwards and inwa.rds, and then 
soou loses all its ilTitability and power of movement. This bend­
ing down is of a very different nature from that which occurs with 
the extTemities of the young leaves in many species of Clematis; 
for UlC SC, whell thus bent or hoohd, first acquire their full degree 
of sensitiveness. ' 

Diccnlm Iitalidl'ifolia.- Ill this allied plant the metamorphosis 
of t he tcrminR,[leaflets h"" been complete, and they are converted 
il1to perfect tendrils. 'Whilst the plant was young, the ten­
drils appeared like modified branches, 80 that a distinguished 
botanist thought I,his was their Mture; but in a full-grown plant, 
I,here can bo no doubt, as I am assured by Dr. Hooker, that the 
tcndrils arc modified ]eaveFl. 'llhe tendrils, when of full size, are 
above 5 inch es ill length; they bifllrcate twjce, thrice, or even 
four times; their extremities are hooked, but blunt. All the 
hmnchos of the tendrils nrc sensitive on all sides, but the basal 
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portion of the main stem is only slightly sensitive. The terminal 
branches lightly rublled with a t;wig did not curve until from 30m. 
to 42111. had elapsed: they slowly became straight again in between 
10h. and 20h. A loop of thread weighing one-eighth of a grain 
plainly cau .• ed the tl,inner branches to curve, as did occasionally 
It loop weighing one-sixteenth of a grltin; but this latter slight 
weight, though left suspended, was not sufficient to cause a per­
manent flexure. The whole leaf with its tendril and tbe y01l11g 
upper internode together revolve vigorously and quickly, though 
irregularly, and sweep a 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 
It little open; this was completed ill 1 h. G3m. During It period of 
G1l. 17m. another shoot made a complex figure, npparently repre­
senting three and a half ellipses. When the lower part of tI,e 
petiole bearing the leaflets was securely fastened, the tendril itBelf 
described similar but much smaller figures. 

This species climbs well. The tendrils after clasping It stick 
become thicker and more rigid; but the blunt hooks do not turn 
and adapt themselves to the supporting surface, as iB the case in 
BO perfect a manner with some of the Bignoniace., and the Cob<I3a. 
In young plants 2 or 3 feet in height, the tendrils, which afe only 
half the length of thoBe borne by the Bame plauts when grown 
taller, do not contmct spirally after clasping 11' support, but only 
become slightly flexuous. Full-sized tendrils, on the other hand, 
contract spirally, excepting the thick basal portion. Tendrils 
which have caught uothing simply bend downwards and inwards, 
lil,e the extremities of the leaves of the Corydalis claviculata. 
But in all cases the petiole after a time becomes angularly and 
abruptly bent like that of the Eccremocarpu8. 

CUCURDtTAcEAl.-Tbe tendrils in this family have been ranked 
by sever",) competent judges as modified leaves, stipules, and 
branches; or the same tendril as part leaf and part branch. Do 
Candolla considers the tendrils in two of the trihes as different 
in their homological nature"'. From facts recently adduced, MI'. 
Berkeley thinks that Payer's view is the most probable, namely, 
that the tendril is "a separate portion of the leaf itself" t. 

* I am indcbt.ed to Prof. Oliver for information on this head. In tho 
Bulletin de 1a Societe 130tanique de France, 1857. there are numerous discHfI­
sions on the nature of the tendrils in this family. 

t Gnrdcnera' Chroniclc,1864'l p. 721. From t.he affinity of the Cucurbitaccro 
to the Passifioraceoo, it might be lll'gued that the tendrils of the former arc 
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EcI<inoc.¥stis lobala.- I made numerous observations on this 
plant (mised from seed sent me by Prof. Asa Gray), for here I 
first observed the spontaneous revolving movement of the inter­
lIodes and of the tendrils ; :tnd knowing nothing of the nature of 
these movemellts, was infiuitely perplexed by the whole case, and 
by the false appearauce of twisting of the axis. My observations 
Illay now be grently condensed. I recorded thirty-five revolutions 
of the internodes and telldrils; the slowest rate was 2h., and the 
average, with no grent nuctllations, was 1 h. 4Om. for each revolu­
tion. Sometimes I tied the internodes, so that tho tendrils alone 
moyed; at other t imes I cut off the tendrils whilst very young, so 
that t he internodes revolved by themselves; but the mto was not 
thus affected. 'l'he course generaJJy pursued was with the sun, but 
often ill tho opposite rlireetioll ; sometimes tho movement during 
n short timo would either stop or be reversed; and this apparently 
res ulted from the interference of tho light, shortly nfter the plnnt 
was placed close to n window. In one instance, an old tendril, 
which had nenrly ceased reyoh'ing, moved in ono direction, whilst 
lohe young temb·il auoye moyed in the opposite direction. The 
\.wo uppermost iuternodes alone revolve; as tho internodes grow 
old, the upper part alolle moves. The summit of the upper 
internode made an ellipse or circle about 3 inebes in diameter, 
whilst tbe tip of the tendril swept n circle 15 or 16 inches in dia­
meter. During the revolving movement the internodes become 
successively curved to nil points of the compa3S; mid often in 
0 110 part of their course they wero illclined, together with tho 
teoelril, at about 45° to the horizon, I1nd in another part stood 
vertical. 'l'here was something in tho "'ppCllrallce of tbo revolving 
in ternodes which continually gave tbe false impression that their 
movement was due to the weight of the long and spontaneously 
revolving t endril; but, on suddenly cutting off the tendril with a 
sharp sci ssors, the top of the shoot roso very little, and went on 
revolving: this fal so n.ppenrnnco is apparontly du e to the inter­
nodes and tondrils all curving nnd moving harmoniously together. 

I repeatedly saw that the revolving tendril, though inclined 
during the greater part of its courso at an angle of abont 45° 
(il1 oue case of only 37°) abol'e the horizon, in one p:.rt of its 
course sWfened and stmigMened itself from tip to base, nnd becl1mo 

modified f1o\~cr·p('duncle". M 1S C('Tt.nillly tho ca~e with the I:.endrile of Pae8ion­
flou-en! . Mr, RlIolJand (Uord\vickc'A • Scicncc·Gol"!! ip,' 18G5, p, 105) 8tat.cs 
th:'lt. II I" cucumber gre\v, A. few p~llr8 ngo, in my own garden, whore one of the 
short prickles upon the fruit bad grown ont into a long curled tendril." 
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nearly or quito vertical. This occurred both when the snpporting 
internodes were free and when they were tied up; but was perhaps 
most conspicuous in the latter case, or when the whole shoot hap­
pened to stand in an inclined position. The tendril forms a very 
acute angle with the extremity of the shoot, which projects above 
the point where the tendril arises; and the stiffening always oc­
curred us the tendril npproached, and had to pass in ita revolving 
course, the point of dilliculty- that is, the projecting extremity of 
the slloot. Unless the tendril had the power of thus acting, it 
would strike against the extremity of the shoot, and he arrested 
by it. As soon as all three branches of the tendril have begun to 
stiU"en themselves in this remarkable manner, as if by a process of 
turgescence, and to rise from all inclined into n. vertical position, 
the revoh'ing movement becomes more rllpid j nnd as soon as tho 
teu,lril h"" succeeded in passing the extremity of the shoot, it. 
revolving motion, coinciding with that from gravity, often causes 
it to fan into its previously inclined position so quickly, that the 
end of the tendril could be distinctly seen travelling like the minute 
hand of" 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 but permanently curved, so a~ to act to " limited 
extent as a haole The concave side of tbe tip is highly sensitive 
t.o n. tonch, but not so the convex side, as wa.s 'likewise observed 
by lIIohl (S. 05) with other species of the family. I repeatedly 
proved this difference by lightly rubbing four or five times the 
convcx side of one tendril, and only once or twice the concave side 
of allother tendril, and the latter alone curled inwards: in a few 
honrs afterwards, when those which had been rubbed on the con­
cave side had recovered themselves, I reversed the process of 
rubbing, and always with It similar result. After tonching the can· 
cave side, the tip becomes sensibly curved in one or two minutes; 
and subsequently, if the touch has been at all rough, it becomes 
eoiled into a helix. But this helix will, after a time, nncoil itself, 
and be ready to act again. A loop of thin thread only o~e-sixteenth 
of a grain ill weight caused a temporary flexure in a tendril. One 
of my plants had two shoots near each other, and the tendrils 
were repeate dl y drawn across each other, but it is a singular fact 
that they did not once catch each other. It would appear as if 
the temh·jl. had become habituated to the contact of other tendrils, 
for the pressure thus cnused would apparently be greater than that 
caused by " loop of soft thread weighing only the one-sixteenth 
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of a grain. So it woulrl "ppen,r that the tendrils arc l,n,bitllateu 
to drops of wllter or to rain ; for artificial rain made by violently 
fl irting a wet bru8h produced Dot tho len,st elfeet 011 th em. I 
repeatedly rubbe,l rather roughly the lower part of " tendril, 
bu t never caused any cu rval;nre j yet this part is sensitive to 
prolonged pressure, for when it came illto contact with" stick, it 
would slowly beud round it. 

The revolving movement is not stopped by the extremity curl­
ing "fter baving beell toucllCd. ·When olle of the lateral branches 
of a tendril has firmly cl"'ped any object, the middle branch con­
tinues to revoh·e. , Ybcll a stem is bent down and secured, so 
tl, at its I.cndril depends but is left free to move, its previous re­
volviug movement is nearl y or quite stopped ; but it begins to 
ri sc in n. vertical 'pln.tlC, ltud ns S0011 ns it has bec.orne horiz.ontal 
the re\'olving movement reComl1lCllCCS. I tried this fonf times; 
gouera.! ly the tenuril rose to a horizon tal position in all hour or an 
hour nnd a half; but ill 0110 case, in wbieh the t endril depended 
at nil angle of ~1,5° beneath 1,he horilooD, th e movemell~ took two 
hours; in aDother half-hour the telldril rose to 23° abovo the 
hori7,on alld reconnneoccd revolving. 'rhis upwa.rd vertical move­
lllent is independent of the act ion of light, for it took place twice 
in the dark, and another time with the light coming in on one side 
"lone. The movement no doubt is guided by opposition to the force 
of g,.,wity, as in the case of the ascent of the plumules of germi­
lI a.I,ing sceds. 

A tendril docs not 10llg retaiu its revolving power ; as soon as 
t.his celtSes, it belld. downwards o,n(1 contracts spirally, But after 
the revolving movement has ceased the tip still retains for a short 
time its seilsitiveneS8 to contact, but this can be of li ttle seniee to 
t he plant. 

Though the tendril is hi ghly fl exible, and though the extremity 
t,.a.vels, under favou rable circuJJJstances, at about the rate of an 
inch in two miuuteR alld a quarter, yet its sensitiveness to contact 
is so great that it hardly ever fails to sei"e a thin stick placed in 
its path. The foll owiug eMe slwprised me much : I placed a thin. 
",IIootl" cylindrical stick (amI I repeated the experiment seven 
t;imcs) so far from" tendril , that its extremity could only curl half 
or three-quarters round the stick ; but I always found ill the 
course of " few hours afterwards that the t ip had managed to 
curl twice or even tlu·iee quite round the stick. I at first thought 
that this was due to mpid growth ;' but by coloured points and 
measurements I l)ro\'cd tiw,t thero was Tl(} seusible increa.se of 
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length by growth. 'When a stick, aat on one side, was'Bimilarly 
placed, the tip of the tendril could not curl beyond the nat surface, 
hut coiled itself into a helix, which, turning to one side, lay Bat 
on the little nat surface of wood. In one instance a portion of 
tendril three-quarters of all inch in length was thus dragged on 
to the nat Burfnce by the coiling in of the helix . But the t.endril 
thus acquircs a "ery insecuro hold, and gener:;lly slips off: in one 
case nlone the helix subsequently uncoiled itself, and the tip then 
passed ronnd and clasped t he stick. The formation of a helix on 
the nat side of a stick apparently shows us t hat the- continued 
striving of the tip to cu rl i tself closely inwards gives the force 
wl1ich drags the tendril round a smooth cylindrical stick. In this 
latter case, whilst the tendril was slowly and quite insensibly 
crawling onwards, I several times observed through n lens that 
the whole surface was not in close coutact with the stick ; and I can 
llnderst .. nd the onward movement only by supposing that it is 
sl ight ly vermicular, or that the tip alternately straightens itself" 
lit tle and then again curls inwllfds, thus dragging itself onwards by 
nou inf=.ct1sihly 8]0"':, alternate movement, which may be compn,red 
to that of n strong man suspended by the ends of his fingers to 
" bori7.0ntnl pole, who works his fingers onwards nntil he "!tn 
grasp the pole with the palm of bis hand. However this may be, 
the fact is certain that a tendril which l,as caught a round stick by 
its extreme point can work itself onwards until it bas p .... ed twice 
or even thrice round the stick, and has permanently grasped it. 

~[a"b",,!!a l1.fexicana.-The young internodes and tendrils of this 
nnomn..1ouB member of the fa.mily revolve in the same manuer and 
at abont the same rate witb the Ec";"oc!!8!;s. The stern does not 
twiDe, but can ascend an upright stick hy the aid of its tendril •. 
The conCl"'e tip of the tendril is very sensitiYe; after rapidly coil­
ing iu to " /001' from a single touch, it straightened itself in 50111. 
Tbe tendril, when in fuJI actioD, stands vertically up, with the 
young projecting extremity of the shoot thrown It little on one 
side ou t of the way; but the tendril bears near its base, on the 
inner Bide, a short branel" which projects out at right angles, lil'e 
l1 spur, with the terminal half bowed It little downward.. lience, 
ns the main vel'Lic.a.1 branch of th e tendril revolves, the spur, from its 
position and rigidity, cannot pass overthe extremity of the shoot in 
the .:tme curious manner n~ do tbe t hree branches of the tendril 
of the Ec)'i"oc.~8t;8 by .ti ffening themselves at the proper point, 
hut i" pressed laterally against the young shoot in one part of th e 
rcyohill~ course, nnd in :UlOthcr part is carried on ly n little 
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way from it. Hence tho oweep of the lower part of the tendril 
of tho Hanbury" is much l'eotricted. Here a nice case of co­
Mlaptatiou comeo into play: iu aU the other tendrils observed by 
me the several branches become sensitive at the sa.me period; had 
this been the case with the Hanbury", the rectangular spur-like 
branch being pressed, during the rCl'olving movement, against the 
projecting end of tbo shoot, would infallibly have seized it in a 
highly injurious manner. Hilt the main tendril, after revolving 
fot' a time in " vertical po.itioo, spotitaneouoly bends downwards; 
aud this, of course, raises tho l'edn.ugular branch, which itself 
also curves upwards; so th"t by these combined movements the 
sp llr-l ike branch ri Bes above the projecting end of the shoot, and 
c"n now move freely wilhout touching it; then, and not until then, 
it first becomes sensitive. 

The tips of both branches, whell they come into contact with a 
Rtick, {;""Sp it like any ordinary tendril. In" few days nftqr­
lI'a"ds the inferior sur[.,co swells and becomes developed into a 
cellular byeI', which "d"pts itBelf closely to the wood, nnd firmly 
"dhares to it. T~i" layer is nll.logous to the adhesive disks 
formed by the tipB of thc tendrils ill some species of Bi!lnonia, 
but in the II"nbuI'H" the layer is developed along the terminal 
portion of the tendril, sometimes for" length of 11 inch, but not at 
tbe extreme tip. The layer is white, whilst tho tendril is green, 
and near the tip it could sometimeB be seen to be thicker tban the 
tend,·il itself; it generally spreads a little beyond the sides of the 
tendril, and its edgo is fringed with free elongated cells, which 
have enlarged globular or retort-shaped head.. This celiular 
Jayer npparently secretes some rcsilJolls cement i for ita adbesiolJ 
to the wood ,vas not lessened by immersion for 24 h. ill alcohol or 
water, but was quite loosened by the action during the slime period 
of ether and turpentine. After lhe tendril has onco firmly coiled 
itself round a stiel" it is ,lifficult to imaginG of what nse the for­
mntioll of the adhesive cellular I"yel' can be. Owing to tiro spiml 
contractioll, which ensues :tfter fI, time, whether or not the tendril 
has c]nspcd nuy object, it was 11 e\'01' a.ble to ]'cmain, excepting in 
Que iusta.l1ce, iu contact witb a thick post or n. nearly fiat fml'facc; 
if it could Irave bccome attached to sueb objects by meanB of the 
"dhl'sive cellul"r layer, t.his layer would evidently have been of' 
Men' icc lo the plaut. I heal' from Dr. Uooker t hat Beveral other 
Uucllfuita.ceous plants have a.dherent tendri ls . 

Of oiher Cuclll'biLace:c, 1 observed in BJ:lJonia dioica, Cllcurbita 
Qvifcra, aud Cucltmis sativa, tihnt the tCllllrila were seusitivc aud 
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revolved; in tho latter plant, Dutroehet" saw the movement of 
the tendril reversed; but whether the internodes as well as the 
tendrils revolve in these several species I di(l not observe. In 
An,quria Warscewiczii, however, the internodes, though thick and 
stiff, do revolve: in this plant the lower surface of the tmldril, 
some time after clasping a stick, produces a coarsely cellular layer 
or cushion, fitting tho wood, like that formed by the tendril of the 
Hanbur,Va; but it was not in tbe least adhesive. In Zanonia 
Indica, which belongs to a diJTcrent tribe of the family, both the 
forked tendril. and the internode. revolved, in period. between 
211. 8m. and 3 h. 35 m., moving against the SUD. 

VITAOEiE.-In this family and in the two following, namely, 
the Sapindacere aud Passifloraeere, tho teudrils are modified flower­
]leclullcles; so that they are axial in their nature. In this resJlcct 
tIley dilrcr from t,ilOse of all tho first dcscribed families, but 
perhaps not from those of thc Cuem-bit"ccm. The homological 
nature, hmVc\Ter, of a telldril seems to make no difference in its 
action. 

Pitis vinifera.-The teudril is thick and of great size; oue from 

Fig, 9. 

Tendril of t.he V inc. 
A. Peduncle of tClHl .. il. C, Shorter branch. 
B, Longer branch, with 1\ serlle R.t its brlsc. D , llctiole of opposite teaf. 

n. vine not growing vigorously out of doors, measured 10 inehea 
iu length. It co"si,ts of a PCclUllClc (A), bearing two . branches 

.. CoJUIJWS Rcndus, tom, xvu, p. 1005. 
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which dil'erge equally from it. One of thu brancilCs (B) has. 
no scale nt its base, and is a\wayp-, as fn.r as I ha.ve sceu, longe.r 
thau the other, alld yery ofteu bifurcate.. The seyeml branches 
whell rubbed become curved, and subsequently stroighten them­
seh·cs. After a tendril hnR cia..pea any object by its extremity, 
it contracts spimlly; but this does not occur (Palm, S. 5G) when 
no object has been seized. The tendrils moye spontaneously from 
side to side; and on a very hot thy one made two olliptical royo­
lu tions at an al'erage rnta of 2 h. 15 m. During these movemeuts 
a coloured line, painted along the COil vex surface, became first 
Ia,ternl and then concn.V'c. ~1hc sepa.1'ate bra.nchos have inde­
vendcJlt mOVCI1lCntfl j after :t tendril has spontaneously revolved 
fOl' a t ime, it hcnds frol11 the li ght towards the dark: I do not 
give thi s latter statcment on my own authority, but on that of 
Mol.l and ])utrochct; Moltl (S. 77) says that in a vine planted 
n.go.iu~t a. wn.Il the tendrils point towards it, and in a. vinoyard 
gonorally Illore or ICBs to the nodI.. 

fJ'hc yOl ll1g intcrllo(1cs spontaneously revolve j but in hardly any 
other l)\allt 11a,·o I seCll 80 slight a movement. A shoot faced a 
winllow, anu I tro.ced ita course Oll the glass during two perfectly 
calm anu hot days; during ten hours on one day it described a 
spire, rellfesenting two and n. l",lf ellipses. I likewise placed a 
bell-gla.s8 over a young muscat grape in a hothouse, and it made 
throe or four exkemely minute oval revolntions each day: the 
ahoot moved les8 than Imlf •. n inch from side to side; and had it 
110t made at least three revolutions during the same da.y when the 
sky was uniformly overcast, I sboulll have atkibuted the motion 
to the varying action of tbe light. 1'he extremity of tho shoot i. 
more or' less bent downwnrds; but the extremi ty ne\'er reverses 
i t.~ curvature, a.a 80 ge.nerally occurs with twiniug l)la.nts. 

Varions authors (Palm, S. 55; Mobl, S. 45; Lindley, &c.) 
believe that the tench-ils of the ville are modified flower-pedlmcles. 
I here give a dr"wing (fig. 10) of the ordinary st •. to of It Oower­
peduncle in bud: it consists of the "common peduucle" (A); of 
the" fl ower- tendril " (B), which is represented as Imvillg caugllt 
It twig; and of tbe "sub-peduncle" (C) heari n,> the flower-buds. 
'1'1.0 whole peduncle 1Il0ves spont.aneously, like a true tendril, but 
in a less degree, and especially whell the sub-peduncle (C) does 
not bear lIlany /lower-bud.. The common peduncle (A) has not 
the power of claspillg a support, nor )ta. the con-espoudiug port 
in the true tendril. 1'he f1 ower-tondril (B) is always longer than 
the sub-peduncle (C), 3-'Hl has :t sco.Ie at· its base; it sometimes 
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bifurcates, and therefore corresponds in every detail with the 
longer scale-bearing branch (E, fig_ 9) of the true tendriL It is, 
however, inclined backwards from the sub-peduncle (0), or stands 
at right angles with it, and is thus adapted to aid in cnrrying the 
future bunch of grapes_ The /lower-tendril (B), when rubbed, 
curves and subsequently straightens itself; and it can, as shown 
in the drawing, securely clasp It support_ I have seen an object 
as soft as a young vine-leaf caught by one. 

The lower "nd n:1ked part of the sub-peduncle (0) is likewise 

Fig. 10. 

Flower of the Vine. 

A. Common Peduncle. O. Sub-Peduncle. 
B. Flowel'-tendril, with l\ scale at its baae. D. Petiole of opposite leaf. 

slightly sensitive to a rub, and I have seen it distinctly bent round 
a stick and even partly round a lenf with which it had come into 
contact. That the sub-peduncle has the same nature as the cor­
responding branch of the ordinary tendril is well shown when it 
bears only a rew flowers; for in this case it becomes less branched, 
increases in length, and gains both in sensitiveness and in the 
power of spontaneous movement. I have twice seen sub-peduncles 
(0), bearing only from thirty to forty flower-buds, which had be-

LINN. rnnC.-BOTANY, VOJ .. IX. 
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come· considerably elongated and had completely wound round 
Bticks, exactly like true tendrils. The whole length of another Bub­
peduncle bearing only eleven /lower-buds quickly became curved 
when slightly rubbed; hut evell this scanty number of flowers 
rcndered the st.alk less sensitive tban the other branch, that is, the 
flower-tendril; for the latter after" lighter rub became curved in 
a greater degree and morc quickly tl,"n tbe sub-peduncle with its 
few flowers. I bave seen a sub-peduncle thickly covered with 
flower-buds, but with one of the higl,er lateral branchlets bearing 
frolll some cause only two buds, and tl,is one branchlet had become 
milch elongated and hnd spontaneously caught hold of an ad­
joiuiug twig; in fnct, it formed a little tendril. The increase of 
Icn~th in the Bub-peduncle (C) with the decreasing number of 
its /lower-buds is " good instn-nce of the law of compensation. 
lIence it is that the whole ordinary tendril is longer tban tbe whole 
flower-peduncle; thus, on one and the same plant, the longest 
flower-peduncle (measured from the base of the common pednncle 
to the tip of the flower-tendril) was 8t inches in length, whilst tbe 
longe"t tendril was nearly double this length, namely 16 inches. 

The gradation from the ordinary state of the flower-peduncle, 
as represented in the drawing (fig. 10), to that of the true tendrii 
(fig. V) is perfect. We have seen that the sub-peduncle (C), whilst 
still bearing from thirty to forty /lower-buds, may become some­
what elongated and partially assume all the characters of the 
corresponding branch of tbe true tendril. From tbis state we can 
trace every stage till we come to a full-sized common tendril, 
bearing on the brallch which corresponds with ·the Bub-peduncle 
one single flower-bud! Hence there can be no doubt that the 
tendril is a modified flower-peduncle. 

Another kind of gradation weJl deserves notice. The flower­
tendril (B, fig. 10) sometimes produces a few flower-buds; I 
found thirteen and twenty-two on two flower-tendrils on '" vine 
growing against my house; in this state they retain their cbarac­
teristic qualities of seusitiveness and spontaneous movement, but 
in a. somewhat lessened degree. On vines in hothouses, so many 
/lowers are occasionally prQ(iuced by the flower. tendrils that a 
double bunch of grapes is the result; and this is technically caJled 
by gardeners a "cluster." Iu this state the whole buncb of 
flowers presents scarcely any resemblance to a tendril; and, 
judging from the £..."ts already given, it would probably possess 
little power of clasping a Bupport, or of spontaneous movement. 
Such flo,Yer-pedunc1"s closely rcsemble in ·structure those bOrDe 
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by the next genus, Gis8us. This' genus, as we shall immediately 
see, produces well-developed tendrils and ordinary bunches of 
flowers; but there is no gradation between tbe two states. If 
the genus Vitis were unknown, the boldest believer in the modi­
fication of species would never, I suppose, bave surmised tbat 
the same individual plant, at the same period of growth, would 
have yielded every possible gradation between ordinary flower; 
stalks for tbe support of the flowers and fruit, and tendrils used 
exclusively for climbing. But the vine clearly gives us this case; 
and it seems to me as striking and curious au instance of tran­
sition as cnn well be conceived. 

Gissus discolor.-The young shoots show no more movement tban 
call be accounted for by daily v",ri",tions in the nction of the light. 
Thc tendrils, however, revolve with mucb regularity, following 
the sun, and, in tho plants observed by me, swept circles of about 
5 inches in diameter. Five circles were completed in the following 
times:-4 h. 45 m., 4 h. 50 m., 4 h. 45 m., 4 h. 30 m., and 5 h. The 
same tendril continues revolving during three or four days. The 
tendrils are from 3f to 5 inches in length; they are formed of a 
long foot-stalk, bearing two short branches, which iu old plants 
again bifurcate. 'l'he two branches are not of quite equal length ; 
and, as with the vine, the longer one has a scale at its hase. The 
tendril stands vertically upwards; the extremity of the shoot is 
bent abruptly downwards; and this position is pNbably of service 
in keeping it out of the way of the revolving tendril. 

The two branches whilst young are highly sensitive; for I found 
a touch with a pencil so gentle as only just to move the tendril 
which was borne at the end of a long flexible shoot, sufficed to 
cause it to become perceptibly curved in four or five minutes; the 
tendril hecame straight again in rather above one hour. A loop 
of soft; tbread weighing one-seventh of a grain was . thrice tried, 
and caused the tendrils to become curved in 30 or 40 m.: balf 
this weight produced no effect. The long foot-stalk is much 
less sensitive, for slight rubbing produced no effect; but pro­
longed contact ,vith a stick causcd it to bend. The two terminal 
branches are sensitive on all sides ; if a number of tendrils be just 
touched on different sides, two branches of the one on their inner 
sides, two on their outer sides, or both branches on the same side; 
in about a quarter of an hour they present It curiously different 
appearance. If a branch be touched at the same time with equal 
force on opposite sides, both sides are equally stimulated and 
thcre is no IDm·ement. At the beginning of my work, and before 

02 
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examining this plant, 1 ]",d observed only those tendrils which 
nrc Bensitive on one side, aUlI these when lightly pressed between 
the finger "nd thumb become curved; but on thus pinching many 
times the tendrils of this C£SS1tS no curvature ensued, and I was at 
first falBcly led to iufer that they were not at all sensitive to a touch. 

Cissus aularelicu9.-'I'he tendrils on It young plant were thick 
and straight, with the tiPB " little curved; when the concave Bur­
fnce was rubbed with some force they very slowly became curved, 
nnn subsequently became 51.might again. Hence they "re much 
less sensitive tban the tendrils of the last Bpecies; but they made 
two revolutiolls, followjng the BUU, rn.ther more rapidly, viz. in 
3 h. 30111. and 4 h. The internodes do not revolve . 

.Ampelop8it; llCdc}'or:ea, or Virginian O,·eepcr.-In this plant 
aho the illtcrno(lcs do not movc more thnn nppnrently cnn bc 
nccounled for by thc varying netion of the light. Tho tendrils arc 
from 4 to {) inches in ]CllgUl; the main stem sends off several 
lateral branches, which have their tips curved, as may be seen in 
fig. 11, A. Thcy exhibit no true spontaneous revolving move­
ment, but turn, as was long ago observed by Andrew Knight", 
from the Jigl.t to the dark. I have seen Beveral tendrils move 
through an angle of 1800 to the dnrk Bide of 8 cnBe in less tbnn 
24 hours; but the movement is sometimes very much slower. 
'I'he several Internl branches often move independently of each 
other, n,nd sometimes irregularly, without 3.ny apparent cause. 
These tcndrils are lesB Bensitive to a touch than any otherB ob­
served by me: by gentle but repeated rubbings with a twig, the 
lateral branches, but not the main stem, became in the coutse of 
three or four hOUfS slightly curved; but they seemed to have 
hardly any power of again Btraightening themselves. The tendrils 
of It plant which crawled over a large box-tree clasped Beveral of 
the bmnches. But I have repeatedly seen the tendrils come into 
contact with Btieks, and then withdraw from them. 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, spreltding them widely apart, bring their hooked tips laterally 
into eontuct with it. Iu effecting this, the Beveral branches, after 
touching the Burfnce, often riBe up, place themBelve. in a new 
position, and ng:lin come down into contact with it. 

In the course of about two days after a tendril bas arranged its 
branchcs so :18 to press ou any surface, the curved tips swell, 
become bright red, and form on t.heir under-sides the well-known 

.. TrRIl!!. rhil. Soc. 1812, p. 314. 
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little disks or cushions, which ndhere firmly to the surface. In 
one case these tips became slightly swollen in 38 h. after coming 
into contact with a brick; in another case they were considerably 
swollen in 48 h., and in an additional 24 b. they were firmly at­
tached to a smooth board; and lastly, the tips of a yonnger ten­
dril not only swelled bnt became attaebed to a stuccoed wall in 
42 h. These adhesive disks resemble, except in colonr and in 
being largel" those of Bi,qnonia cap,·eolata. When they were de­
velope,l in contact with a ball of tow, fibres were separately enve­
loped, but not ill so effedive a m:tnner as with B. capreDlata. 
Disks a.ce never developed, as far as I have seen, without the 
stimulus of at least temporltry contact with some object. They 
a,re gcnemlly first formed au one Bide of the curved tip, the whole 
of which often becomcs so milch clmngco, thataline of grcen unal­
tered tissuo call be traced only along the concave surface. 'When, 
however, It tendril has clasped lL cylindrical sticl" an irregular 
rim or disk is formed along the inner surface at some little distance 
from the cUl'ved tip; this was also observed (S. 71) by Moh!. 
The disks consist of enlnrged cells, with smooth projecting 11emi­
spherical surface., coloured red, and at first gorged with fluid (seo 
section given by Mohl, S. 70), but they ultimately become woody. 

As tbe disks can almost immediately adhero firmly to such 
sDIooth surfaces as planed and painted wood, or to the polished 
leaf of tho ivy, this alone would render it probable that somo 
cement is secreted, as has been asserted to be the case (quoted by 
Moh!, S. 71) by l\blpighi. I removed a number of disks formeo 
during the previous year from a stuccoed wall, and placed them in 
warln wa.ter, diluted acetic acid and alcohol during mnny hours; 
but the attached grains of silex were not loosened: immersion in 
sulphuric ether for 24 h, much l~oselled them; but warmed essen­
tial oils (I tried oil of thyme and peppermint) in the course of a 
few hours completely released every atom of stone. This seems 
to prove that some resinous cement is secreted; the quantity 
secreted, bowever, must be small; for when a plant ,,"cendcd a 
thinly whitewashed wall, the disks adhered firmly to the white­
wash; but as the cement never penetrated the thin layer, they 
were easily withdrawn, together with little scales of the white­
wash. It must not be supposed that the attachment is by any 
means exclusively effected by the cement; for the cellular out­
growth completely envelopes every minute and irregulal' l'rojcc­
tion, a.nd insiuuates itself into every crevice. 

A tendril which has not become attached to any body, does not 
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contract spirally; and in course of a week or two shrinks into 
the finest thread, withers and drops off. An attached tendril, on 
tho other hanu, contracts spirally, and thus becomes bighly elastic; 
so thltt when the main foot-stalk is pulled, the strain is equally 
tlistributeu to all the attftChed dish. For a few daYB after the 

A7IIpelopsis hedct'acca 

A. Tendril, with .. he young leaf, 
D. Tendril, several weeks nftcl' iL'!I nUllchmcllt to B W81lj with the branches 

thickened and spirally cont.ractcll, RmI with UlO cxtremit,ies developed into 
disks. The unattached branchcs have withered nnd dropped off, 

attachment of the disk., 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 remains firmly 
att!\ched to the stem and to the surface of attachment. In the 



TENDnlI.-DEARERS. 87 

accompanying diagram we may compare the differences of a tendril 
(B) some wecks after attachmellt to a wall, with one (A) from the 
same plant, fully grown bllt nnattached. That the change in tbe 
nature of the tissues of the tendril, as well as the act of spiral con­
traction, is consequent on the formation of tho disks, is weU shown 
by any lateral branelles which have not become attached; for these 
iu n week or two wither and drop off, in the same manner lLS does 
a whole tendril whell unatt:tched. The gain in strength and dUr:l­
bility in a tendril after its attachment is something wonderful. 
There nre tendrils now adhering to my honse which are still strong 
and have been elposed to the we"ther in a dead state for fourteen 
or fifteen years. Olle single lateral branchlet of .. tendril, esti­
lIIated to be at le""t ten years old, was still cln.stic and supported 
II. weight of exactly two pounds. This tendril had five disk-be"riug 
branches of equal t lliek ness and of apparently equal strength; so 
that this Olle tendril, after h"villg been cxposed during ten years 
to the weather, would have resisted a strain of ten pounds! 

SAP1NIJACE..iE.-Oardiospermum. ltalicacabum.-In this family, fl,S 

in tbe last, the teuuril. are modified flower-peduncles. In OUl· 
present plant there are no organs exclusively used for climbing 
like ordinary tendrils; but tile two lateral branches of thc 
main flower-peduncle have been converted into a pair of ten­
drils, corresponding with tile single "flower-tendril" of the 
common vine. The main pedwlcle is thin, stiff, and from 3 
to 4t inches in length. Near tbe summit, above two little 
bracts, it divides iuto three branches. The middle one divides 

Fig. 12. 
aud redivides, and bears .the flowers; ul­
timately it grows half as long again DS 

the two other modified br:mclles. These 
latter are the tenuril.; they lire at first 
thicker and longer than the midule branch, 
but never become more than an inch in 
length. They taper to a point and are flat­
tened, with the lower clasping surface desti­
tute of hairs. At first they project straight 
lip; but soon divergillg, they spontaneously 
curl downwards so as to become symmetri- C. halicacMum. 

cally and elegantly hooked, as represented no~!~~u~:cl~ :tu. Li;~ 
in the diagram. They are now, whilst the two tendril,. 
flower-buds arc st.iIl ~mn.Il, ready for action. 

l 'he two or three uppcr young internodes . steadily revolve; 
thoso on onc plant lIlade two circles, against the course of the sun, 
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in 3 h. 12 m.; ill a second plant the same course was followed, and 
the two were completed in 3 h. 41 m.; in a third plant the inter­
nodes followed the SUIl, and made two circles in 3 h. 47 m. The 
average rate of these six revolutions was 1 h. 46 m. The stem 
ahO\~a no tendency to twiue apirally round 1\ support; but the 
allied tendril-bearing genus P""llinia is said (Mohl, S. 4) to be 1\ 

twiner. By the revolving movement, the flower-peduncles, which 
atand up above the end of the shoot, Me carried round and round; 
but when t1w internodea were aecurely tied, the long and thin 
peduncles themselves were seen to be in continued lind sometimes 
rapid movement from side to aide. They awept a wide apace, but 
ouly occnsionally moved in a moderately reguJar elliptical courae. 
By these combined movements olle of the two ahort hooked tell­
dril" BOoner or Jater, catches hold of some twig or branch, and 
then it curls roulll! anel acc"rely grasps it. These tendrils are, 
howC\'er, but slightly sensitive; for by rubbing their under sur­
fnces only a slight movement was slowly produced. I hooked 1\ 

tendril on to " twig; I\nd in 1 h. 45 m. it had curved considerably 
inwards j in 2 h. 30 In. it formed a ring j and jll from 5 to 6 hours 
from beiug first hooked, it closely grasped the stick. A second 
tendril acted at neady the same rate; but I observed one that 
toolt 24 hoUfs before it curled twice round a thin twig. Tendrila 
which have caught nothing spontaneously curl, after the interval 
of several d"ys, closely up into a helix . Those which have curled 
round some object aoon become " little thicker and tougher .. The 
long and thin main peduncle, though spontaneously moving, i. 
not sensitive and never clasps a support. It never contracts 
spirally. Such contraction would apparently have been of service 
to the plant in climbing; nevertheleas it climbs pretty well with­
out this aid. The seed-cnpsules, thongh light, are of enormous 
size (hellce its English name of Balloon-vine), and as two or three 
are c"fried on the same peduncle, the tendrils arising close to 
them Illay possibly be of service in preventing these balloons from 
being d""hed to pieces by the wind. In the hothouse they served 
simply for climbing. 

The position of the tendrils nlone suffices to show their homo­
logical nature; but in two instances one of the tendrils produced 
nt its tip a flower; t.his, however, did not prevent the tendril act­
ing properly n.nd curling round a twig. In .. third case the two 
Interal branches wh ich ought to have existed as tendrils, both 
produced flowers like tlw central branell, and had quite lost their 
iClldril-stnIcture. 
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I have only seen, but was not enabled carefully to observe, one 
other climbing Sapindaceous plant, namely Paulli1lia. It WP.B not iu 
110wer, yet thus it bore fine long forked tendrils, differing from 
Ca,·dio.operm"m. So that, in its tendrils, Paullinia apparently bears 
the same relation to Cardiospermum that Ci .. u. does to Viti •. 

PASSTFLOJtACE,E.-After reading the discussion and facts given 
by Mohl (S. 47) on the nature of the tendrils in this family, no 
one cau doubt that they are modified flower-peduncles. The ten­
drils and true flower-peduncles rise close sido by side; and my 
Bon, Mr. W . E. Darwin, made sketches for me of their earliest 
state of de\'elopment in the hybrid P . jloribumda. The two organs 
at first appear asa single papilla which gradually divides; so that 
I presume the tendril is a modified branch of a single flower­
peduncle. My son found one very young tendril surmounted by 
traces of floral orgons, exactly like those on the summit of the 
true fl ower-peduncle nt the same enrly age. 

Passijlom gmcilis.-This well-named, elegant, annual species 
differs from the other members of the group, observed by me, in 
the young interuodes having the power of revolving. It exceeds 
all other climbing plants in the rapidity of its movements, and all 
tendril-benrers in the sensitiveness of its tendrils. The internode 
which carries the upper active tendril and which likewise carries 
one or two young imma.ture internodes, made three revolutions, 
following the sun, at an average rate of 1 h. 4 m.; it then made, 
the d"y becoming very hot, three other revolutions at an avcrAge 
Tnte of between 57 and 58 m.; 80 that the average rate of all six 
revolutions WAS 1 h. 1 m. The apex of the tendril described 
ellipses, sometimes narrow and )Ollg, sometimes broad and long, 
with their longer axes inclined in slightly different directions. 
The plant can ascend a thin uprigh t stick by the aid 'of its ten­
drils; but tho stem is too stiff for it to twine spirally round a 
stick, even when not interfered with by the tendrils, which had 
been successively pinched off at an early age. 

·When the stem was secured, the t endrils were seen to re­
volve in nearly the same manner and at the sa.me 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 was not sen­
sitive; but when nearly full-grown they are extremely sensitive. 
A single delicate touch on the concave surface of the tip soon 
caused it to curve, and in two minutes it formed an open helix. 
A loop of soft ·thread weighing "!!~nd of a grain (equal to only two 
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millegmmmcs) plnced most gently on the tip, thrice plainly cansed 
it to Cllrve; ". twice did" bent bit of thin platina wire weighing 
-"l"th of [\ grain; but this latter weight, when left snspended, did 
Bot Buffice to cause permanent curvature. These trials were made 
under .. bell-glass, so that the loops of thread nnd wire were not 
agitated by tile wino. The movement after 1\ touch is very rapid: 
I took hold of the lower p:Lft of several tendrils and then touched 
with a thin twig thei l' concave tips, and watched them carefully 
through n lens; the tips plninly began to bend in the following 
times-31, 25, 32, 31, 28, 39, 31, nnd 30 seconds; so thnt the 
movement wa,s generally pereeptihle in half 1\ minute after the 
touch, but Ollce plainly in 25 seconds. One of the teudrils which 
thus became beut; in 31 second. l",d been touched two hours pre­
yiously"ud had coilCl\ into n helix; tllllS iu this iuterva\ it I",d 
st.ra ightened itself auo hnd perfect:ly recovered its sensibility. 

I repeated the experiment mnde on the EchiMc!lstis, and plnced 
several plants of this Passiflora so close together th",t the teudrils 
were repeatedly dragged over each other; but no curvature ensued. 
I likewise rcpeatedly flirted slIlall drops of water from a. brush on 
many tendrils, and syringed others so violently tbat the whole 
tendril was dashed about, but they never became curved. The 
impact from the drops of water on my hnud W!\S felt f"r more 
plainly thau that frOID the loops of thread (weighing ~ud of a 
grain) when allowed to fall on it; and these loops, which caused 
the tendrils to become curved, had been placed most gently on 
them. Hence it is clear, either that the tendrils are habitua.ted to 
the touch of other' tendrils and to that of drops of min, or that 
they nre sensitive only to prolonged though excessively slight 
pressure. To BIlOW the difference in the kiud of sensitiveness in 
diOerent plants and likewise to show tlw force of the syringe used, 
I may add thl\t the lightest jet from it instantly caused the leaves 
of a Mimosa to close; whereas the loop of thread weighing :hud 
of 1\ grain, when rolled into a ball "ud gently placed on the glands 
at the bl\ses of tbe leallets of the .iJfi1llosa., caused no action. Had 
I space, I could advance much more striking cases in plants both 
belonging to the snme famlly, of one being excessively sensitive to 
the lightest prcssure if prolollgcr\, but not to It brief impact; and 
of another plant equally BellBitive to impact, but not to slight 
though prolonged pressure. 

Passiflora punctata,.-The internodes do not move; but the 
t<'lldrils regularly rel'oh·c. One thnt ,,"as nbout half-grown and 
very sensitive made thrce revolutions, opposed to the course of 
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the SUll, in 3 h. 5 m., 2 h. 40 m., and 2 h. 50 JU.; perhaps it 
might have travelled more quickly when nearly full-grown. The 
plant was 1,Iaced in front DC a window, and I ascertained tbat, 
as with twining stems so with these tendrils, the light accelerated 
the movement in one direction and retarded it in the other; 
the semicircle towards the light being performed in one instance 
in 15 m., "nd in a second inst!1nce in 20 m. less time than that 
required by tho semicircle towards the dark end of the room. 
Considering the extreme tenuity of these tendrils, the action of 
tho light on them is remarkable. The tendrils are long, and, as 
just state(l, very thin, with the tip slightly curved or hooked. 
Tho concavo side is extremely sensitive to a touch-even Il single 
touch enusing it to curl inwnrds; it subsequently straightens 
itself, nnd is ng~in re",dy to nct. A loop of soft thread weighing 
lrth of a grain mused the extreme tip to bend; at another time I 
tried to hang the s"me littlo loop on an inclined tendril, but threo 
times it slid off; yet this extrnordinarily slight degree of fric­
tion sufficed to m"ke the tip curl. The tendril, though so sensi­
tive, does not move very quickly "fter a touch, no conspicuous 
change being observahle until 5 or 10 m. had elapsed. The con­
vex side of the tip is not sensitive to a touch or to" suspended 
loop of thread. In one inst"nce I observed a tendril revolving 
with the convex sidc of the t ip forwards, and on coming into con­
tact with .. stick it merely scmped up and p ... t the obstacle and 
was not able to claS]' it; whereas tendrils revolving with the 
concave side of their tips forward promptly seize any object in 
their path. 

Passiftora quadrangulari •. - This is " very distinct species. 
The tendrils are_ thick, long, and stiff; they are sensitive to a 
touch only towards the extremity and on the concave surface. 
When a stick was so placed that the middle of the tendril came 
into contact with it, no curvature ensued. In tbe hothouse a 
tendril mnde two revolutions each in 2 h. 22 m.; in my cooler 
study one was completed in 8 h., nnd It second in 4 h. The inter­
nodes do not revolve; DOl' do tbose of the hybrid P.floribunda. 

Tacsonia manicata.-llere again the internodes do not revolve. 
The tendrils are moderately th in and long; one made a narrow 
ellipse in 5 h. 20 m., and the next day a broad ellipse in 5 h. 7 m. 
The extremity being lightly rubbed on the concave surface, be­
came just perceptibly curved in 7 m., clearly curved in 10 m., and 
hooked in 20 m. 

'IV e have seen that the teml .. il. in the last three families, namely 
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tl1c Vitncero, Snpindacero, and PMsifloracem, a.re modified flower­
peduucles. This islikewisc tbe case, according to De Cllndolle (us 
quoted by Mohl), wit.h the tendrils of Brltnnichia, one of the 
Polygouacere. In two or three species of Moliccca, oue of the 
Papayacere, l,he tendrils, as I hear from Prof. Oliver, occasioually 
bear flowers and fruit; so that at least they are axial iu their nature. 

Spiral contt'action, of Tend1·ils.-This movement, which shortens 
the tendrils aud renders them elastic, commences in half a da.y or 
in a day or two after their extremities have ca.ught some object, 
There is no such movement in any leaf.c1irnber, with the exception 
of an occasional truce of it in the petioles of :Jlrop<colu11I tric%num, 
On the other hlll1d, it occurs witb aU tendrils nfter they hnve seized 
some object, wiLh the rew following exceptions,-namely Oorydalis 
claviclliata, but thcn this pIn.nt might still be called 0. lenf·climber; 
Big1l.onia u1I.gw:s a.nd its close allies, and tho Oardiospc1'1nmn j though 
these tendrils nre so short tl",t the contraction could h.rdly taka 
pInce, and would be quite superfluous; and Smilaa: a.'PC1'a, the 
tcndrils of which, though rather short, offer a more m""ked excep­
tion. In the Dicentra., whilst young, the tendrils are short and do 
not coutract spirally, but only become slightly flexuous; the longer 
teudrils, howevcr, borne by older plants contract spirally. I have 
scen no other e.tceptions to the rule that all tendrils, after cla.p­
ing by their e,tremities a support, contract spirally. When, how­
ever, the tendril of any plant of which the stem happens to be 
immoveably fixed, catches some fixed object, it does not contract, 
simply because it cannot; this, howevcr, rarely occurs. In tbe 
common Pea only the In.teral branches, and not tho central stem 
of the tendril, contract; aud witb most plnuts, such as the 
Ville, PassiJ1orn, llryollY, the basal portion .never contracts into a 
spi170 . 

I have said that in Corydalis claviculala the end of the leaf or 
the tendril (for this part Illay be indiflerently thus designated) does 
uot contract iuto a spire. The branchlets, however, of the ten­
dril, after they have wound round thin twigs, become deeply 
sinuous or .ig"ag; and this may be the first indication of the 
process of spiml contraction, Moreover the whole end of the 
petiole or tendril , if it seiws nothing, ultimately bends abruptly 
uowllwards a.nd inwards, showing that its inferior aurface con. 
tracts; and this nmy be confidently looked at ns the first indica.­
tion of the power of spiral contraction. For with all true ten­
drils when they contract spirally, it is the lower surface, as Mohl 
(S. 52) has remarked, which contracts. If the inferior surfllce of 
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the extremity of " free tcndril were to contract quite regulnrly, 
it would roll itBelf up into" fiat helix, nB occurs with the Cm·diD­
spe1'11lwn j but if it wore to contract in the least au one side, or 
if the basal portion were firBt to contract CaB doeB occur), the 
long free extremity could not be rolled up within the basal pa.rt, 
or if the tip were held during the contrnction, as when" tendril 
lIas caught some object,-in all these cases the inevitnble result 
would bc the formation not of a helix, but of a spirc, such as 
free and caugllt tendrils form in the act of contraction. 

Tendril. of many kind. of plant., if they catch nothing, con­
tract after an interval of Beveral day. or weelts into a close spire; 
but in tbesc cases the movement takes place after tbe tendril 
has lost its revolving power and has partly or wholly lost its sen­
sibility, and hangs downwards; this, as we shall presently sec, 
is n. quite useless movement. The spiral contraction of unnt­
tached tend"ils is a much slower process tlmn that of attached 
tendrils: young tendrils which have caught a support and nro 
spirally contracted may be constantly seen on the snme stem "'ith 
much older tendrils, unattached and uncontracted. In the Eclti­
nDc!lst;" I have seen a tendril with the two lateral braDches 
clasped to twigs and contracted into beautiful spires, wbilst tho 
main branch which had caught Dothing remained for ma.ny days 
afterwards uncontracted. In this plant I ODce observed a main 
branch after it had caught a stick become spirally fl exuous in 7 h., 
and spiraUy contracted in 18 h_ Generally the tendrils of the 
EchinDc!lstis begin to contract in from 12 h. to 24 h. after cntching 
something ; whilst its unattached tendrils do not begill to con­
tract until two or three or even more days have elapsed after the 
revolving movement has ceased. I will give one other cnac: a 
full-grown tendril of Passijlom 'l1Uldrangular;" which had caught 
" stick beg,m in 8 h. to contract, and in 24 h. several spires were 
formed; a younger tendril, only two-thirds grown, showed the first 
trace of contraction in two days after clasping a stick, and in two 
additional days had formed several spires; hence, apparently, the 
contraction does not begin in a tendril until it is grown to nearly 
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 had formed one complet.e spire_ 
This first spire was formed towards the basal end of the tendril, 
and the contraction steadily but slowly progre.sed towards the 
apex; but the whole was not closely wound up until 21 days had 
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elapsell from the first ouserv"tion, that is until 17 days after the 
tendril was fully grown. 

'fhe best proof of the intimate connexion between the spiral 
contraction of a tendril and the previous nct of clasping a Bupport, 
is aflorded hy those tendrils which, when caught, invnriably 
contrnd into a spire, whilst aB long as they remain unattached 
they continue stmight, though dependent, and thus wither and 
drop oft". The tendrils of 13ignonia, which are modified . leaves, 
thus behave, a$ do the tendrils of the three genera of Vitace"" 
and these are modified flower-peduncles. Tbe tendrils, however, of 
Ecc"cmocarpus, which is n])jcd to Bignonia, contract spirally even 
when they have eaught nothing. 'fhe uueaught tendrils of t he 
C""diosl'ermu1n, find to " certain extent those of the M1ttisia, roll 
themselves up not into a spire, but into a helix. 

rn w spiral contrnction which ensues after n. tendril has caught 
It snpport is of h igl1 Bervice to all tendril-bearing pbnw; hence 
it. "Illlost universal occurrence with plants of widely different 
order.. 'Whcn" shoot is inclined and its tendril has caught an 
obj ect above, the spiral contraction drags np the Bhoot. When 
the shoot is upright, the growth of the internodes, Bubsequent.Iy 
to the tendrils having seized some object above, would Blacken the 
stem were it not for the spiral contraction, which draws up the 
internodes as they increase in length. Thus there is no waste of 
gl"Owth, and the stretched stem ascends by the shortest course. 
,Ve have seen ill the Cobma, when a terminal branchlet of the 
tendril has caught a Btick, how well tbe spiral contraction of its 
branches successively brings thcm one after the other into contact 
with the stick, until the wholo tendril haB grasped it in an inex­
tricable knot. 'When a tendril has caught a yielding object, this 
is sometimes enveloped and Btill further secured by the Bpiral 
folds, as I have seen with Passijlom quadrangularis ; but tbis ac~on 
is of little importance. 

A far more important Bervice rendered by the Bpiral contraction 
is th"t the tendrils are thus made highly clastic. AB WIIS pre­
viously remarked under .ti1l1pelopsis, the strain is thuB equally 
distributed to the severnl "ttached bmucheB of a branched tendril; 
nnd this inust render the whole tendril far Btronger, as branch 
after bmnch cannot separntely break. It is this elasticity which 
.aves both branched and simple tendrils from being torn away 
during stormy weather. I have more than once gone on purpose 
during a gale to watch a TIl'yony growing in an exposed hedge, 
with its tendrils nttnched to the surrounding bushes; and as the 



tbick or thin branchcs were tossed to and fro by the wind, the 
attached tendrils, had they not been excessively elastic, would 
instantly have been torn off and the plant thrown prostrate. But 
as it W''", the Bryoll)' safely rode out the goJe, like a ship with 
two nuchors down, [tad with a. long range of cable ahead to serve 
ns a. spring ns she surges to the storm. 

,Vith respect to the exciting cause of tIle spiral contraction, 
liWe cn.n be said. After rcn.ding Prof. Olivcr's interesting paper· 
011 the hygroscopic contraction of legumes, I allowed .. number of 
different kinds of tendrils to dry slowly, but no spiral contraction 
ensuee]; nor did this occur with the tendrils of tbe Bryony when 
placed in water, diluted alcohol, and syrup of sugar. We know 
that the n.ct of clasping a support leads to a cbange in the 
n"ture of their tissues; "nd we call this n vital action, and so 
wc mllst call the spiml contmction. l'he contra~tion is not 
related to tbe spontaneous revolving power, for it occurs in ten­
drils, sucb as those of Lathyrus gmndiflorus and Ampelopsis 
hedcracca, which do not revolve. It is not necessarily related 
to the curling of the tips round a support, as we see in the 
case of tbe Ampclopsis and Bignonia capreolata, in which tho 
development of the adherent disks suffices to induce the con­
traction. Yet it certainly seems to stand in some close relation 
to the curling or clasping movement due to contact with l\ 

support; for not only does it soon follow this act, but the spiral 
contraction gCllCmlly begins close to the cnrled extremity, and 
travels down towards the base,,,sifthe whole tendril triedto imitate 
the movement of its extremity. If, however, a tendril be very 
slack, the whole length seems to become almost simultaneonsly 
Itt first flexnous and then spiral. Tbe spiral contraction of a 
tendril when unattached cannot serve any of the nseful ends 
just described; it does not occur with many kinds of tendrils 
which contract when attacbed; and when it does occur, it snper­
venes, as we have seen, only after It considerable interval of time. 
It may almost be likened to certain instinctive or habitual move­
ments performed by animals nnder circumstances rendering them 
manifestly useless. 

Wben an nncaught tendril contracts spirally, tbe 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, inva­
riably becomes twisted in one part in one direction, and in another 
part in the opposite direction; tbe oppositely turned spires being 

.. Trans. Linn. Soc. vol. xxiv. 1864) p. 415. 
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Bepnmted by short st,."ight portions. Thi. curious and symmetrical 
structure has been noticed by severnl botanists, but bas not been 

Fig.la. 

A caught tcnch·il of Br!Jonia dioic(1., spi .·nIly cont.rncted in reversed directions. 

cxpln.illcd·. Ii; occurs without exception with ,,1\ tendrils which 
"fter cllLchillg nlly object contract spirally, but is of course most 
cOJlspicuous in the longer tendrils i it never occurs with uncaught 
telldril. ; am\ when thi" "ppears to have happened, it will be found 
that the tendri l had originally seized some object and had after­
wards been torn free. Commonly all the spires at one end of a 
cilught tendril run in aile diredion, and all those at the other end 
in the opposite ,Jirection, with a single short straight portion in 
the middle; but I hove seen a tendril with the spires alternately 
turning five times iu opposite directiona, with strnight portiOtiS 
between them; am\ M . Leon has seen Beven or eight such alter­
nlltions. Whether the spires turn several times in opposite di­
rections, or only once, there are as many turns in the one direction 
as in the otber. For instance, I gathered ten long and sllOrt 
caught tendrils of the Bryony, the 10ngeBt with 33, and the 
shortest with only 8 .piral turns; and the number of turns in one 
direction WlIS in every caso tho Bame (witbin one) as in the 01'1'0-
Bite direction. 

The explanation of this curions little fact is not difficult; I will 
not nttempt auy geometrical reasoning, bnt will give only prac­
tical illustrntions. In doing this, I .hall first have to allude to n 
point which was almost passed over when treating of Twining­
plants. If we hold in our left hand " bundle of pomlle! strings, 
we can with our right hand tum these round lind ronnd, and 
imitate tbo revolving movement of It twining plant, and the strings 
do not become twisted . But if we now at tho same time hold n 
stick iu our left hand, in Buch n position that the strings become 

• Sec M. l eid. Leon ill Dull. Soc. Dot .. de Fl'nnce, tom. v.18GS. p. 680. 
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spi raUy t urned round it, they will inevitably become twisted. 
Hence a stra.ight coloured lillC, pa.inted ;\Iong the internodes of f\, 

twining pln.nt before it h1\.5 wound round 1\ support, becomes 
twisted or spiral after it has 80 wOHlld rOllnd. I painted a red 
line 011 the ~trnigh t internot.les of n. lIwJtu..lus, lfnkania., Ceropc.qia, 
Co nvo{vullt-8 , anel P/lftscolns, and sn.w it become twisted as the 
p)n.nt wound round n. t<tick. It is possible that the stems of SOItlO 

pln.nts by 8poll tallCOtlsl'y Lurni!lg 0 11 their own a.xes, at the proper 
rate n.nd in the propel' direction, might :.woit\ becoming twisted j 
but I have Been. no ~ucb CMO. 

In the above illustration , the pnrallelstrings were wound ronud 
a stick; Ul.lt thi s is by no means lICCesf:Ht I'Y, for jf wound into a 
holl ow cnil (as can be dOlle with" Ilarrow . lip of elastic pa,per) 
thero is the samo incv itaulc twistillg of til e axi8. lIenee when a 
tendril, which is free nt its clld, coils itself iuto a spiro, it must 
either become twisted ;doug ita whole Jeugth (and this is n. {"ase 
wh ich 1 have neve l" Beeu), or the free extremity must tUl"U round 
as mlLny time~ as there ~tI'e spires formed. It Waft hardly neces­
sary to ouserve this fnct; but I did so by affixing litt1e pnper 
vanes to the ex t.reme points of the tendrils oUlw Eeilinoe!!st;s and 
l'assiJlom 'luadran.gularis ; and ns the t endril ~w'tmcted itself into 
suceessive spircs, the Ya,ne slow ly revolved. ! .' 

'Vc CRn now ullucrstaud the meaning of tl)~ spirca being in­
variably turned in opposite directions in those tendrils which, 
having caught some object, arc t hus fixed at ,both ends. Let us 
suppose a caught tendril to make thirty spiral .turns in ODe direc­
tion; the inevitable result will be that it ,will ,become thirty times 
twisted 011 its own axis. This twisting not, only would requiro 
cOllsiderable force, but, as I know by trial,. would burst the tell­
dril before the thirt,y turns were completed. Such a caso never 
really occurs; for, as alre,ady sl,ated, when a tendril has caught a 
support nnd has spirally contracted, there aro alwnys. fiS mllny 
turns in one direction as in the other; so that the twisting of the 
axis in tho oue direction is exactly compensated by that in the 
other. We can further sec how the tendency is given to make coils 
in an opposite direction to those, whether turned to the right or to 
the left, which "re first ",,,de. Take a piece of .tring, und let it 
lJa.ng down witb the lower end fi xed to the Ileal'; then wind the 
upper cud (holding t he string quite loo_ely) spirally round" per­
pendiClIla.r pencil, and thi s will twist the lower part of the string j 

after it 1"'8 bern su ffi ciently twisted, it will be scen to curve itself 
into :Ill open Rpirc, with the curves rUDning ill an opposito direc· 

],l:NN. l'nOC.-nOTANY, VOL. lX. 11 
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tion to those round the pCllcil, and conseqnently with a straight 
piece of !itl'ing between the opposite 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 
tbe extremity ,.hieh has claspe(1 a support; aud these first-formed 
spires give a twist to the axis of the teudril, wbich necessarily 
inclines the bnsal part into an opposite spiral curvature. I can­
not resist giving one ot.her illustration, though superfluous: when 
a. haberdasher winds up ribbon for n. customer, be does not wind 
it iuto a siugle coil; for, if be di(l, tbe ribbou would twist itself as 
many times as there were coils; but be winds it into a figure of 
eight on his thumb and Jil;tle finger, so tbat be alternately takes 
turns in opposite directions, and thus the ribbon is not twisted. 
So it is with tendrils, with this sO,le difference, that tbey take 
8cvet'n.l consecutive turns in one direction and then the same 
number iu an oppmlitc direction; but in both cases the self·twist. 
ing is equally avoided. 

Slun1l1aryon the Nature and Action of Tendrils.-In the con­
cluding remarks I shall have to aUude to some points which may 
be here passed over. In tbe majority of tendril· bearing genera 
the young internodes revolve in more or less broad ellipses, like 
those made by twining plants; but the figures described, when 
carefully traced, generally form irregular ellipsoidal spires. The 
rate of revolution in different plants varics from one to 'five hours, 
n..ud consequently in some ca.ses is more rapid than with any 
twining plant, and is never so slow as with· those many twiners, 
wbicb take more than five hours for each revolution. The direc­
tion is variable even in the same individual plant. In Passijlora, 
the interno,les of only one of the species have the power of re­
volving. Tho Vine is the weakest revolver observed by me, appa.­
rently exhibiting ouly" traco of a former power. In the Eccremo­
carp'" the movement is interrupted by many long pauses. Some, 
but very few, tendril-bearing pJants can spirally twine up an up­
right stick. Altbough the twining.power has generally been lost 
by tendril-bea.rers, oilohe!' from the stiffness or shortness of the 
internodes, from the size of' the leaves, or from other unknown 
causes, the revolving mo\'ement well serves to bring the tendrils 
int·o cont.act. with surrounding objects. 

The tendrils also ha.ye the power of revolving in the same manner 
and generally ",t the Same rate with the internodes. The move­
ment begins whilst the tendril is yonng, but is at first slow. In 
Bigllonia littoralis even the mature tendrils moved mucb slower 
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than the internodes. In all cases the condition. of life must bo 
f.wourable for the perfect action of the tendril.. Generally both 
internodes and tendrils revolve toget.her; in other ca.ses, as in 
Cissu.s, CobdJa, a.nd mO::Jt Pnssiflorro, the tendrils Mone revolve j in 
other cases, ns with Lat".yrU8 aphaca, the internode. alone move, 
carrying with them the motionless tendrils; and, lastly (and thi. 
is the fourth possible case), neither internodes nor tendrils spon­
taneously revolve, as with LatltyrlUI grandijlorUII and the Ampe­
lapsis. In most Bignonia.s, in the Eccrcmocarpu&, ]futisia, and 
the }<'umariac.efe, the petiole. as well a. the tendril., together with 
the internodes, all .pontaneously move together. 

The tendrils revolve by t.be curvature of their whole length, 
excepting the extrcmity and excepting the blUle, which parts do 
not move, or Illove but little . . The movement is of the same natnre 
"" that of the revolving internodes. H ence, if a line he painted 
a.long that surface which at the time happens to be convex, tho 
line becomes first latcral and then concave, and ultimately again 
convex. This experiment can be t ried only on tbe thicker ten­
drils, which nre not affected by a thin crust of dried p"int. The 
extremities, however, of the tendril., which so often are slightly 
curved or hooked, never reverse their curvature; and in this 
respect they differ from the extremities of the shoots of twining 
plants, wbich not only reverse their curvature, or at least become 
periodically straight, but curve in a greater degiee than the lower 
portions. But, in fact, the tendril answers to the upper internode 
of the .everal revolving internodes of a twining plant; and in 
the former part of this paper it was explained how the .everal 
in temodes 1110ve together by the whole successively curving to all 
points of the compass. There is, however, in many cases this 
unimportant difference, that the curving tendril i. separated from 
the curving internode by a rigid petiole. There is also another 
difference, namely, tbat the summit of the shoot, which in its. lf 
has no power of "evohing, projects above the point from which 
tbe tendril ar i.es; but the summit of tbe shoot is generally 
thrown on one side, so as to be out of the way of the revolutions 
swept by the tendril. In those plants in which the terminal 
shoot is Dot . ufflCiently out of the way, the tendril, no we have 
scen with the Ech,inoc!jstis, as soon as it cornea in its revolving 
course to this point, stifleDs a.nd straightens it.elf, and, rising 
up vertically, passes over the ob.tacle. 

All tendrils are sensitive, bnt in very variou. degrees, to con­
tact with any object, and cnrve tQwards the touched . ide. With 

n2 
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• everal plants", Bingle touch, so slight as only just t.o move tho 
highly flexible tendril, is enough to induce curvature. Pa88iflora 
.'1racilis ha:!:l the most sensitive tendri ls which I have seen: f\ bit 
of platina wire toth of a gmin in weight, gently pl~ed on the 
('OllcaVe poiut, eauBed two tendrils to become hoo]{etl, as did (and 
this perhaps is a bette .. p!"Oof of sensitiveness) a loop of soft, thin 
cot,ton thread weighing ;rlj lld of it graiu, or about t~·o miHi. 
graIII nlOS. WiLh (he tendrils of several other plants, Joops weigh­
ill~ 11T\"th of rt grain suffi ced. The poilJt of the tendril of t.he Pas· 
s!/lo1'a .'Iracilis uiRtiuctly began t,o move in -25 seconds after a 
tOIl~h. A~a. Grn.y saw move ment; 111 the tendrils of the Cucurbi~ 
l.aCC01JS gcnus, Si~;1Jo.'~, ill 30 sccond,'i. fl'he tendrils of some other 
I'lalll;s, ",hen lighUy l"lIhhed, movc in a few minutes j in the 
lJic(mfra in ha,lf-a.n·holll' j in the Smt:7r1,1': in an honr nnd a ~unrter 
0J':t, half; and il1 the Ampelol)sis still more slowly. The curling 
1Il00'cment eOll~e()ltellt on a siIJglf? tonch continues to increase for 
n cOllsiderable time, then ceases; after a few hours the tendril 
ullcurls itself, alld is :Igain ready for action, When very light 
weights were suspcllucd on tendrils of several plant,s and caused 
them to cur .... e, these seemed to become accustomed to so slight a 
stimulus, and stra.ighteucd themselves, as if tIle loops had been 
ren10vcd. It ma.kes no difference, as far as I have seen, what sort 
of object" tendril touche., with the remarkable exception of drops 
of wnter ill th e Ca..3C of the extremely sensitive tendrils of Pa8sijlora 
gracilis and of tbe Echilloc!lsti8; hence we are led to infer that 
they have become habituated to .holVers of rain. As I made no 
observations with tllis view on other tendrils, I cannot say whether 
there .ue more ca.ses of this adaptation. 'M~oreover adjoining ten­
drils rarely ca,tch each other, as we have seen with the Echinoc!Jslis 
and Passiflom, though I have scell t his occnr with the Bryony. 

'rendril. of which the extremities are .Iightly curved or bowed 
are seu$itive only on the concave surface; other tendrils, Buch as 
those of the Oobrea (though furnisbed with minnte horny hooks) 
and those of OiS8US discolor, n.re Elellsit.ive on all sides. lIenee 
the tendril of this htter plaut, when stimulated by " touch of 
equal force on opposite Bides, ,loes 1I0t beud. In the tendril of 
the Mutisia. the inferior and Jateral surfaces are sensitive, but not 
the upper .urface. 'With branched tendrils, tI,e several branches 
all act alike; but iu the TlnnbuT!la the lateral spur-like bmnch 
does not acquire (for a reason whieh hn.a been explained) its sen­
sitiveness nearly so soon as the matn branch. The lower or basal 
rarL of many t.ennrils is either 1)ot at all sensitive or sensitive only 
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to prolonged contact. lIence we see that thc sensitiveness of ten­
drils is a special and locali,ed capacity, quite independent of the 
po,,"er of spontaneously moving; for the curling of the tenniual 

portion from n. touch does not ill the lea.'3t interrupt the sponta­
neous revolving movement of the lower pn.rt. In Bignonia unguis 
and its close allies the petioles of the leaves, as well as the tell­
drils, arc scnsitive to a- touch. 

Twining plants when t.hey come into contnct with a stick, curl 
round it invariably in the direction of their revolving movement j 

but tendrils curl indifferently to either side, in accordance with 
the position of the stick and the sido which is first tonched. The 
clasping-movement of tho extremity apparently ia not ate.ady, but 
vermicular in its nature, n.s mn.y be inferred from the manuel' in 
wllich the tendril. of the Ec1:i,wei/stis alowly crawled rounel n 

smooth .tici<-
A 8 with n few exceptions tendrils spontnneously revolve, it mny 

be ,,",ked, ·Why are they endowed with sensitiveness ?-why, when 
they come into contact with n stiel" do they not, like a twining 
plant, spirnJly wind round jt? One renson may be tha.t in tnO~t 
caBes they are so flexible /tnd thin that, when brought into cont.~ct 
with a Btick, they wonld yield, and their revolving movement 
would not be arreBted; they would thus be dragged onwards and 
a.way from the stick. Moreover the scnsitive extremities have no 
rcv~lving power, and could not by this means' curl round nny 
object. With twining plants, on the other hand, the extremity 
of the shoot spolltaneonBly bends more than any other part; and 
this is of high importance t.o the a.cending power of the plant, all 

may be seen on It windy day. It is, however, posBible that the slow 
movement of the bflsal nnd stiffer parts of eertaio tendrils, which 
wtnd round sticks placed in their course, ml\.y be aoalogous to thnt 
of twining plauts. I doubt this; but I hardly attended BUm. 

cieutly to this point, and it would be difficult to distinguish 
between a moycmeut duc fio extremely dull sensitiveness and that 
rcsulting from the arrestment of the lower part togetber with 
the continued movement of the terminal part of a tendril. 

rrendrils which nre only three-fourths growll, and -perhaps 
eyeu when younger, but ]lot whilst extremely young, hnve tbe 
powcr of revolving mHl of grn.sping any object which they Ulay 

touch. 'fhese two capflcitics gcnerally commence at about the 
same period, and fail when the tcndril is full grown. But ill 
tllC Cob,va alld l'o88iflora )Juaetala the tendrils began revolving 
in n. quite lIs(-']css l11flllner, before they becamr sensitive. In 
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the Echinocystis they rctnined their sensitiveness for eome time 
nner they hnd ceascd remlving and hnd drooped downwards; in 
this position, even if tbey should seize any object, they could be 
of litt le or no use in supporting the stem. It is "rare circum­
etance tbus to be able to detcct any imperfection or superfluity 
in tendrils-organs which are so admirably adaptcd for tbe func­
tion s which they hltve to perform; but we see that they are not 
always nbsolutely perfect, nud it would be rash to Rssume that any 
existin g tendril has rcached the utmost limit of perfection. 

80mo tendrils have tbeir rerolving motion nccelerated and 
retarded in moving to and from the light; others, as with the 
P en., flccm lndifferent to it.s action; others move from the light to 
the dark, and t.his aids them ,in an important manner in finding a 
suppm·t. Iu Biglloni .. cnp'·eo/n' f! the tendrils bend from the light 
to the darl<, lik" a hnnncr from the wind. In the Cobma and 
E ccrr.moca11'u8 the extremiiies alone twist and turn nbout, 80 ns 
to hring their nner bmnches nnd hooh into close contact with 
n11y surface, or into dark crevices alld holes. This latter movement 
is one of the best adapted exhibi ted by tendli]s. 

A short time nfter a tendril (witb some rare exceptions) has 
caught a support, it contr.cts spirally; but the manner of con­
traction and the several important advantages thus gained have 
been so lately discussed, that nothing need be bere said on tbe 
.uhjcct. Again , tendrils soon after catebing ·a support . grow 
much stronger and thicker, and sometimes in n. wonderful degree 
durnble; and all this shows how much their -internal tissues must 
clutnge. Tendrils which have caught nothing soon shrink and 
wi thcr; ill some spccies of Bignonia they disarticulate and fall off 
like leaves in autumn. 

Anyone who did not closely study tendrils of various kinds 
.... ould probably infer that their action would always be uniform. 
Tbis is the case with most kinds of tendrils, of whicb the extre­
mit.ieR simply curl round objects of any modernte degree of tbick­
neEts, a.nd of various shapes or natures. But Bignon.ia shows us 
what diversity of action there may be in the tendril. of even 
closely .Ilied species. In nil the nine species of this genus ob­
served by me tbe young internodes revolved vigorously; as did tbe 
petioles of nearly all, but in very unequal degrees; in three of the 
specie. the pet ioles were sensitive to contact; the tendrils of all 
are sensitive to contact, and likewise revolve, but in Borne of the 
species in "'I'ery feeble manuer . J Il the first-described unnamed 
~\lcc i es, the tendrils, ill shupe like a. bird's foot, are of no service 
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when the stem spirally ascends a thin upright stick, but they can 
seize any twig or branch lying beneath them; but when the stem 
spirally ".cends a somewhat thicker stick, a slight degree of sensi­
tiveness in the petioles is brought into play, and they wind their 
tendrils round the stick. In B. unguis and B. Tweedyana the sen­
sitiveness, as well as the power of movement, in the petioles is 
greatly augmented; and the tendrils and petioles are thus inex­
tricably wound together round thin upright sticks; but the stem, 
in consequence, does not twine so well! B. Twecdyana, in addition, 
emits aerial roots which adhere to the stick . In B. venusta the 
tendrils have lost the bird's-foot structure, and are converted into 
IOllg three-pronged grapnels; these exhibit a conspicuous power of 
spoutn-ncous movement j the petioles, however, ha.ve lost their 
sensitivcll(,SS. The stem ca,ll spirally twine round an upright stick, 
and is aided in its asccnt by the tendrils alternately seizing the 
stick some "'''y above aud then spirally contracting. In this and 

'all the following species the tendrils spirally contract after seizing 
any object. In B.littomlis and B. Cltalllberla''ynii the tendrils, which 
have the same structure as in B. venusta, and the non·sensitive 
petioles and the intel1Jodes all spontaneou.ly revolve. The stem, 
however, cannot spirally twine, but ascends an upright stick by 
both tendril., seizing it above. Iu B. littarali. the tips of the 
tendrils become developed into adhesive disks. In B. speciosa and 
B. pieta we have similar powers of movement, but the plant cannot 
spindly twine round a stick; it can, however, ascend by clasping 
it with Olle or both of its unbranched tendrils, on their own level; 
and these exhibit the strn,nge, apparently nseless, habit of con­
tinual1y inserting their pointed ends int.o miD ute crevices and 
holes. In B. caprcQlata the stem twines in an imperfect manuel'; 
the much-brancbed tendrils revolve in a capricious manner, and 
they have the power of bending in a conspicuous ,manner from 
tl,e ligllt to the dark; their booked extremities, even whil.t im­
mature, crawl into any crevice, or, when mature, seize any trou 
projecting point; in both cnB"" they develope adhesive disks, 
wbich have the pO"'er of enveloping by growth the finest fibres. 

In the allied Eccremocarl'''-' the internodes, petioles, and ten­
drils all spontaneously revolve together; its mnch-branched ten­
drils resemble those of Bi.qnania caprealata, but they do not turn 
from tlle light; and their bluntly booked extremities, which arrange 
themselves so neatly to any surface, do not form adbesive di,ks; 
they act best when ench seizes a rew thin stems, like the culms of 
a grass, wllich they afterwards draw together by their Bpiral con-
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1 r,\.Clion into " firm bllndle. In the Gobma the tendrils alone 
revolve j (ihese are divided into tnfLny nne branches, terminating 
ill sharp littJe hoole R, which (~mwl into crevices, and are turned by 
an e.xcellcntly n.dapted movement to any object that IS sel1.ed. In 
the A11lpclop,r;is, all the other hand, there is little or no power of 
remlving in any part: the branched tendrils are but little sen­
sitive t.o cont;act j their hooked extremities eR.llnbt scizc'-rmy thin 
oh.iect.; they wi\} not even cl:l.'~p :\ stick, unless in extreme need 
of a oupport; but they tllt'll from the light to the dark, and, 
Flpreading out tllCil' bl'anches 1n rontact with any nearly flat sur­
race, the disks are developed, These can adhere, by the secretion 
of som(~ cement, to n. w:1H, or even to a polislled surface j and this 
is morc t.hitll the diskR of the JJiguon';n, capreolata can effect. 

~Plw rOI'1Tl~.tiOll nnd rapid growth of these adherent. dislH~ is one 
or tIl(' mORt l'cmarkn.hle IlPc1l1ia,rities in the at,ructure and functions 
of' I;PlldrilR. ,V c 11!1VC seell thnt rmch dial(s are formed by two 
Bpccies of l-J(11lonin., hy tlw Ampclopsis, and, according to Naudin.,· 
hy j he CllCl1l'hitarcol1s genus l'(,P01tOPS£S adlucrens. 'rheir deve­
lopmcnt, :1pparcnLly in :111 cases, depends on the st,imulu8 from 

contact. It is not a liWc singular that three families so widely 
11:SI111(,\' a~ the Bignoninccre, Yit,ncroo, Rlld Cucurbitacere should all 
hnst') ~pcclcs hearing tendrils wil;h thi8 :-:ame remarkable peell­
linl'il,y. Mo.t tendrils , "ft·cr they have clnsped any object, rapidl,Y 
incl'c'rtse in sl-.rcngth aud thirkll(,~8 throllghout their whole Jength j 

but !'(ome tcndrjl~ , when wound round a support either by the 
middl e or the ext.remity, become swol1en at these points in a 
rcmur]{able mann er j thU8 I have Reen the clasped portion of a 
tendril of the JJ(1nonia OI1fllllverla.'lni£ grown twice as thick as the 
free ba~a.1 pod,ion , :1nrl become wonderfully rigid. In the An-

the lower Rllrf:1ce of t,lIe tendril, after it has wound round a 
formR n. coal'Rel), ce11u1n.r In.yer, whir.h closely fits the wood, 

hnt is 110t n.dhct'ent j in t.1w Ilnnbu1'/ln. n. simila,r layer if' developed, 
which is adherent; In.8tly , jn tbf) P('ponop!;is adherent disks are 
/()flllec1 nt the I.ips of the tendrils. These three last-named genera 
belong to the CuC'urhib.c('re, ~o that., ill this one fa.mily, we have n. 
lIf'nrly pe rfect, grn(lation from a. comJ1lon tendril to one that forms 
:111 ndherent diRk nt ih~ tip j t.he (lIlC small ::Itep which is wauted is 
a tpJ1(lril ill n. s(ate betwecn that of t.hc Anguria and IIanbur!la­
t lin,., i~, n,dhr.rent ouly in n. slight (lagree or occasiona.1ly. 

J+'illolly, it ml1,Y be ndtled tha.t America, which aD abounds with 
i1rho1'('al f\,lli1llals) ns 1H18 lately been insisted on by ]'1r. Bates, 

~ Annnles dcs S'~. Nfl(.. Hot,. 'Hh scries, tom. xii. p. 89. 
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likewise, according to Mobl and Palm, abounds with climbing 
plants; and, of the tendril-beaTing plants examined by me, the 
most admirtlbly constructed come from this grand continent, 
namely, the Bcvern.l species of B~qnonia, Eccremocarpus, Oobd3a, 
and Ampalopsis. 

Part IV.-IIooK-cr.IMuEIlS.- l'tooT-cr,TMBERS.-OONCLUDTNO 

R:KMARJ{S. 

Ttook-climbcl's.-In my introdnctory remarks, I stnted that, 
besides the great class of twining plants, with the subordinate 
divislollf! of leaf-climhers a.nd tendril-bearers, there were hook­
and root-climbers. I mention the former only to say thnt with 
the fow which I have cxnmincd, nltmcly, GnHmn aparine, Rubus 
aus!1'a1is, n.nd some climbillg ]toses, thel'e is no spontaneous rc­
volving movement. If indeed they possessed this power, n.nd 
wero capable of twinillg, such plants would be placed in tbe pre­
vious great class: thus the lIop, which is a twiner, has reflexed 
hooks as large as those of the Galium; some other twiners have 
.!;iff reflexed hairs; Dil'ladcnia hns a circle of blunt spines at the 
h.se of its leaves; one tendril-bearing plant 310ne, as fnr nB I have 
seen, namely, Smilax aspera, i8 furnished 'With spines. Some few 
plants, which "ppftl'ently depend solely on their books, are excel­
lent climbers, fiS certain Palms in the New a.nd Old Worlds. E"en 
Borne of the climbing )l.oses will ascend the walls of a tall house, 
if covered with a trellis, 110;" this is effected I know not; for the 
young shoots of one such Rose, when placed in a pot in It window, 
bent irregularly townrds the light during the day nnd from it 
during the night, like any other plant; BO that it is not eas), to 
understand how the 8hoots cnn get ullder a trellis cloBe to n wall. 

Root-climbers.--A good mallY plants come under this class, and 
are excellent climbers. One (.If tbe most rcmn,rkable is the .lIInrc­
.rravia umbellafa , which ill the t,ropical forests of South Amcricn., 
as I hear from l\1r. Sprue-c, grows in a curiously flattened manlier 
against the trunl{s of' trcet:l, here and tbere putting forth cln.spers 
(roots), which a,lhere to the trunk, alld, if the latter be Blendor, 
completely embrace it. 'When this plant has climbed to the light, 
it sends out free and rounded branches, clad with sharp·pointed 
lenves, wOllderfully diO'erellt in appearance from tbose borne by 
the stem, as long a.s it is adherent. This surprising difference in 
the lea,'cs 1: have obsel'ved in a plaut of Jrf. nubia in my hot.hollRe. 
Root-climbers, ns far a.s I have flCell, namely, the Ivy (IIedc1'a 
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heli.r:), Ficus repens, and F. barbalu..<?, have no power of movement, 
not even from the light to the d"k. As previously stated, the 
lloya cm-nosa (AscJcpifLdacem) is a spiral twiner, and can likewise 
adhere by rootlets even t.o a flat waJl; the tendril-bearing Big­
nom'a Tweed-YfC.na emits rootR, which curve half round and adhere 
to thin sticks. The Tecoma radica1t8 (TIignoniacere), which is 
closely allied to many spontaneously revolving species, climbs by 
rootlets; but its young shoot,s allparently move about rather more 
tl,an can be accollnted ior by thc varying action of the light. 

I lw,Ye not dosely ob8ervcd many root-clim bel'S, but cnn give 
onCCUl'iOllS little fact. FiClls Tcpcns climbs up walls just like Ivy; 
when the young rooHct. were made to press lightly on slips of 
glag~, thcycmif;ted (nn,l T obf'crvctl this severnl tim~s), after about 
:J. w€ck's internll, minute drops of clear fluid, not in the least 
milky like that cxuded frollln \\·(ltHHl. This Huid \vns slightly viscid, 
hnt could )wt be c1nnYll Ollt into threads j it had the remarkable 
IlToprrty of not drying. One drop, "bout the size of balf n pin's 
heac1. I sJigld ly spread out, and scattered ou it some minute 
gra.lns of s:lnd. 'The Rlip of glass w:\s left exposed jn a drawer 
dUl'iJlg hot ~ ,nd dry WCa.lilu.n" and; if the fluid had been water, it 
woul,l certainly ha\'e. dried in one or two minutes; but it remained 
fluid, closely ;nrronnding en,ch grain of sand, during 128 days: 
how much longer it would h:.t,ye remained I cannot say. Some 
other rootlets were Icft in contact with the gla •• for about ten 
days or a fortnight, nnd the drops of fluid secreted by them were 
rather larger, and so viscid that f;hey could be drawn out into 
threa,\s. Some other rootlets were left in contact during twenty­
three days, and these were firml'y cemented to the glass. Hence 
we mAy conclude tllfl,t thc rootlets first secrete a slightl'y viscid 
fluid, and that the'y subsequentl'y absorb (for we Imvc seen that it 
will not dr'y by itself) the watery parts, and ultimately le':ve It 

cemenl;. ,Vbcn the rootlet. were tom from the glass, atomB of 
ycllo\Ylsh matter werc left on it, which were partIy dissolved 
by " drop of bi.ulphide of carbon; and this extremely volatile 
fluid ,ms rendered, by what it had dissolved, very much less 
vO)[l.tiie. 

As the bisulphide of carbon has so strong a power of softening 
indul'nted clwutchouc"', I sonked in it during a short time many 
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rootlets of a pl ant which had grown up a pl aiiltered wall. Attached 
to two set s of rootlet. on the same branch, I found very many 
extremely thin threaos of a. tran Rparent, not viscid, excessively 
elastic s"b8tance, precisely like caoutchouc. These t hreads, nt 
one end, proceeded from the bark of the rootlet, and at the other 
end were firmly attached to transparent particles of silex and other 
hal'll s1lbs tances. There could be no mistake in this observation, 
for I phyen with the tlireads for a long time, under the microscope, 
drawing them out wit h the dissectin g-needles and letting them 
spring back aga,in. Y et, as I looked repeatedly at other rootlets, 
similarly b'ented, and could never discover these elastic thrends, 
I infer tlmt t he brn,nch had probably been slightly moved from 
th e wall ahome crif,ic"l period, whilst the flnid secreted from tl10 
rooUet~ wns in the nct of orying and of cha.nging its nature 
through the absorpt ion of it. watery parts. The genus Ficlls 
a,bouuds wit.h caout.chouc, nnd from the facts here given we mn.y 
;"fer that this substance, at first in solution and ultimntely modi­
fied into an unelnst,ic cement, is used by lJ'iClts "epeIl8 to cement 
its rootlet s to any object which it may ascend. Whether most 
ot her plants, whi ch climb by th eir rootlet s, emit any cement I do 
not k now ; but the rootlet s of tllC Ivy , phccd ngainst gltuls, barely 
adbered to i t, yet secreted a little yellowi sh matter. I may add, 
that the rootlets of lIIm'cg1'avia <lithia can adhere firml y to smooth 
painte(l wood. 

ITanilla aromatica emits a£riaJ roots a foot in length, which 
poiot straigh t down to the ground. According to M ohl (S. 49) , 
these crawl into crevices, n.ml, when they meet with a tlJin 8Up~ 

port, wiud round it, like tendrils. A plant which I kept was 
young, and did not form long r oots ; but on placing thin . ticks in 
contact with them, th ey eertltinly bent, in the course of .. bout a day, 
a li t tle to tI,at side, "nd adh ered by th eir rootlets to the wood; 
bu t they did not belld quite round the oticl,s, and afterwards they 
repursued their dowllwn.rd course. If these rootlets are really 
sensitive to contact and bend to the touched side, in this case 
the class of root-climbers blend. into that of tendril-benrer • . 
According to ]\fohl , the rootlet s of certain species of Lycopod;"", 
like"'ise nct as t.endrils. 

Ooncluding Remarlcs. 

Plants become c1imbers, in orner, it may be presumed, to Tench 
the light, and to expose It large ourfaee of leaves to it. adi on 
and to that of the frce air. This is effected by climbers with 
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wonderfully little e.xpenditure of organized matter, in comparison 
with trees, which hve to s"pport It load of he"vy branches by 
l1 massive trunk. IIence, no doubt, it a.rises that there arc in aU 
quarters of the world so many climbing plants belonging to 80 

many different orderA. fnlCse plants ha.ve been here classed uuder 
three heads :-II~il'st1y, hook-climbers, which are, at least in our 
tempemte conntrie.,"the least efficient of all, and can climb only 
in the midst of an entangle(ilnRss of vegetation. Secondly, root· 
climhe!'s, which al'e excellently ada.pte(l to ascend naked faces of 
rock: when they climb trees, they arc compelled to keep mnch ill 
the shade; they cannot pass from branch to branch, and thus cover 
tho whole 81l1nmit of n tl'ee, for their rooUets cnn adhere only by 
long~contillllcd and cJmw contnct with a Rteady surfnce. 'J.1hirrlly, 
the great C];LSS of spimi.twillers, wit:h the Bubordinate divisions of 
le:lf-dimhcrs and tCHdrll-bea,l'el'~, which together ro.r exceed iu 
1I\1111UOI' :md in pcrf~djon of Jllechfl,lli ~m t he climhers of the two 
111'evious c1asseA. These pla.nt.s, by their power of Apolltaneously 
rc"oh,jng <tnil of grasping ol~jccts with which they come ju contact, 
call easily pm~~ from urallcll to hranch, and seeure]y ra.mble over fI. 

wide and sU Il-lit Elul'facc. 

1 have nt.nkcd tWlncrR, leaf. and tendril·climbers as subdivisions 
of one class, becallse they gra.dllate into eacb other, and because 
nen.rly an Imve the same remarKable power of spontaneous)y re­
\·oiving. Does this grn.dntioll, il; may be asked, indicate tl1at plants 
belongiug to O1\e snud iVlsioll have passed, during the lapse of 
nges, or can pass, from one state t.o the other; has, for instance, a 
tendl'il.ben.ring plaut Il.Rsumed it.s prep,ent structure without having 
previously exiAted as either f1, lenf-cJimber or a. twiner? If we 
consider leaf-climbers •. lone, tbe idea that they were primordially 
hviners is forcibly suggested. The internodes of all, without ex­
cept,ioJl, revolve in exactly the same manner as twiners j ::tnd Borne 
fm'''- C3.n Rtill twine \I,.'e ll, R.llrI mallY others in n. morc or lefl~ imper­
fect l1\alllH~ I'. Several leaf-climbing genera. arc closely allied to 
oLher genel'a which are simple twiner!:!. It should be obRerved, 
thnt the posf:lcst' ion by n plnut of' leaves with their petioles or tips 
sensiti\'e, and with the consequent power of clasping any object, 
would be .of ,-cry liUle li se, unless n.Rsociated with revolviug inter­
nodes, by which the lcnycs cOllld be brought into contact with 
f'1IfJ'OlllHiillg objects. On the othcl' lmnd, revolving lnternodes, 
wif·hollt other nid, stdllco to gi\'c the power of climbing; so thai;, 
11J11(' s~ we SUpp08C that; knf-clirnhc1'8 ~in11l1taneowdy acquired both 
"ilpnciticR, it seems probable that they were at first twiners, and 



CONCLunfNO IlEMAIlK8. 100 

subsequently ber"me capable of grasping B 8upport, which, as we 
sl",11 presently 8ee, i. a great additional advantage. 

Fl'om ana.logoud renSOllS, it is probablo t.hat tendril-bearing 
pinuts were primordially t.winers, thnt is, are the descendR.nt8 of 
plauts ha"ing this power and h"bit. }'or the internodes of the 
majority revolve, lihc those of twilling plants ; find, in 0 very few, 
the fl exible stem still retai ns the capacity of spirally twining round 
"" upright .tick. Wi th some tho internodes have lost even th e 
revolving power. rrendril-bearers have unuergone much more 
11101lifica,tioll t lmn leaf-cl imbers; honce it is not surprising that 
their snpposed primm'dial revolving aud twining habits bave been 
lost or modifieu more frequently thn.11 with Ieaf.<..'limbers. The 
three g reat. t.cudril-ue:willg families in which this loss 11M occurred 
in thc most 1Iln.l"keU IlHl.llnCr nre the Cucurbitn.cem, Pn.ssiflorncero, 
and Vitaee",. In the first the internodes revolve; but I have heard 
of HO twilliug form, with the exception (according to Palm, S. 2H. 
5~) of Momordl:ca ba.tsamina, aud this is only au imperfect t.winer. 
In the other two families I can hear' of no twiners; and the iote r­
uodcs rarely have the powcr of revolving, this power being confined 
to the tendril.; nevertheless tbe internodes of PtUlsiflora ,qracilis 
have this power in a. perfect manne r, and those of the common Vine 
in an imperfect degree: so tlu;t at least a trace of the supposed 
primordial habit is al"",ys retained by some members of the larger 
tendril-bearing groups. 

Ou the view bere given, it may be asked, Why have neady 
all the plauts ill so mauy aboriginally twi ning groups been con­
verted into leaf-climbers 0[' tendri l-bearers? Of what advantage 
could this have been to them? \Vhy did they not remain simple 
twiners? Vole ea,n see several rensons. It might be an advantage 
to a plant to acq uire a thicker stem, with sbort internodes bearing 
mauy or large leaves; and such stems are ill fitted for twinin g. 
Anyone who will look during wiudy 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 g"'''p 
their support by a much more effi cient kind of movement. In 
those plants which sLil I twine, but at the same time posse.s ten­
drils or seul'\iti\'o petioles, as Bome species of Bignonia, Clematis, 
and TI'OP(BOlwm., we call readily observe how incompnrably morc 
securely they g"asp "0 upright stick th"o do simplo twiners. 
Jh'om possessing tho power of movement OIl contact, tendrils C.'1.n 

be nmdc very long and thin; so t1mt little organic m~tter is ex­
pended ill their developlllent, aud yet a wide oirclo is swept. 
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Tenurll-bea,rers can, from tbeir first growth, ascend along the outer 
branches of any neighbouring bush, and thus always keep in the 
full light ; twiners, Oll the contrary, are best fitted to ascend bare 
stems, and geuern.lly have to start in the sbade. In deuse tropical 
forests, with crowded aud bare stems, twining plants would pro­
bably Bucceed better thall most kiuds of tendril-bearers; bnt tbe 
majol'ity of twiners, at least in our temperate regions, from the 
nature of their revolving movemeut, cannot ascend a thick trunk, 
whereas this ca.n be efl'eeted by tendril-bearers, if tIle trunks carry 
mauy branches or twigs; {I.ud in some cases they ca.n ascend by 
spccia.! means a trunk without branches, but with rugged bark. 

The object of all climbing plauts is to reacb the light and free 
nir with as little expenditure of organic matter as possible; now, 
",il.h spira.lly ascending plants, the stem is much longer than i. 
absolutely necessary; for instance, I measured the stem of a 
kidney-bean, which had ascended exactly two feet in height, and 
il; was three feet in length: the stem of a pea, ascending by its 
tcndrils, would, all the other hR.nel, have been hnt little longer 
tlw,ll the height gained. That this saving of stem is really an 
advantage to climbing plants I iufer from observing that those 
that stiU twine, but are aided by clasping petioles or tendrils, 
generally make more open spires than those made by simple 
twiners. ~ioreover, such plants very generally, as ,vas observed 
over auo. oyer again with the several leaf-climbers, after taking 
one or two turns in Olle direction, ascend for a space straight, a.nd 
tben reverse the direction of their spire. By this means they 
ascend to a considerably grea,ter height, with the same length of 
stem, than would otberwise be possible; and they can do it with 
safety, as they secure themselves at interval. by their clasping 
petioles. 

IVe have seen that tendrils consist of various organs in It modified 
state, namely, leaves and Rower-peduncles, and perhaps branches 
ami stirules. The position almle generally suffices to show when 
a tClldril has been formed from a leaf; and in Bignonia the lower 
leaxes are often perfect, whilst the upper ones terminate in a ten­
dril in place of a terminal leaflet j in Eccremocarpus I have seen a 
Interal br:1nch of a i:endril replaced by a perfect leallet; and in 
Vicia sativa, on the other hano, lcaUcts are sometimes replaced by 
tendril-branches; auu many other such cases could be given. Bnt 
he who believes in the slow modification of species will not be 
conte]lt simply to ascertain the bomological nature of different 
teudrils; he will wish to leal'll, as far as possible, by what steps 
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parts ading as leaves or as flower-peduncles can have wholly 
changed their function, and have come to serve as prehensilo 
organs. 

In the whole group of leaf-climbers abundant evidence has been 
given that an organ, still subserving it.s proper function as a leaf, 
may become sensitive to a toucb, and thus grasp an adjoining ob. 
ject. In sever"lleaf-climbers true leaves spontaneously revolve; 
aud their petioles, after clnaping It support, grow thicker and 
stronger. V{ e thus see that true leaves may acquire all the 1000d­
ing and characteristic qualities of tendrils, namely, sensitiveness, 
spontaneouB movement, and subsequent thickening and indura,.­
tion. If tbeir blades or laminm were to abort, they would form 
true tendrils. And of this process of abortion we have seen every 
stage; for in an ordiuary t.endril, as in that of the Pea, we can 
discover no trace of its primordial nature; in lIfutisia clematis, 
tbe tendril, in shape and colour, closely resembles a petiole with 
tbe denuded midribs of its leaflets; and occasi~nally vestiges of 
]aminal are retained or reappeltr. Lastly, in four genera in the 
same family of the Fumariacere we see the whole gradation j for 
the terminalleallets of the leaf-climbing Fumaria qlficinaliR are not 
sm"ller than the other leaflets; those of the leaf-climbing A.dlumia 
ci'"rltosa are greatly reduced.; those of the Corydalis alavioulala 
(a plant which may indifferently be called a leaf-climber or tendril­
bearer) are cit·her reduced to microscopical dimensions or have 
their blades quite aborted, so that tills plant is in an actual 
state of transition; and, flnall y, in the Dicentra the tendrils are 
perfectly cbaracterized. Hence, if we were to Bee at tbe same 
time all the progenitors of the Dicentra, we shonld almost cer­
tainly behold a series like that now exhibited by the above-named 
foul' genera. In TropaJoluln tricolorum we have another kind of 
passage; for tbe leaves which are first formed on the young plant 
are entirely destitute of lam in",. and must be called tendrils, whilst 
the later-formed leaves have well-developed /aminm. In all cases, 
in the several kinds of leaf-climbers and of tendril-bearers,. the 
acquirement of sensitiveness by the mid-ribs of the leaves app"" 
rently stands in the closest relation with the abortion of their 
lamillre or blades. 

On the view here given, leaf-climbers were primordially twiners, 
ami tendril-bearers (of the modified leaf division) were primor­
dially leaf-climbers. Hence leaf-climbers are intermediate in 
nature between twiners and tendril-bearers, and ought to be 
related to lJoth. This is the case: thus the Beveral leaf-climbing 
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ftpecies of the Antit"rhincdJ, of Solanum, of Oocculus, of Gloriosa 
nrc related to other genera in the Bame family, or even to other 
flpecicR in the SHme genus, which are true twiners. On the 
ot.her hand, the Icnf.c1imbing spec'ice of Olema.tis are very e10sely 
allied to the tenflril-bclwing Narn,t'elia: the Fumaria.cero include 
do~cl'y allic{l genera which arc lcaf·climbers and tendril-bearers. 
I,a,t.\y, one species of lJiqllollia is both a leaf-climber and a tendril­
beal'm', and other closely a.llied RpccicB are twiners. 

r.l'clldrils of the second grr.n.t division consist of modified flower­
pedullcles. In this case likewise we have many interesting tran­
sitional statcs. 'rho ('.ommon Vinc (not to meution the Om'dio­
'''l.u~1"mum) gives us every possible gratle from finely develolled 
tcndrils to :t lmllch of nower·buds, bearing the single usual In.ternl 
flower-tendril. A lld when the latter it~clf' ben.rs somc flowers, as 
we know is not rarely the Cn.8C, alld yet retains tho power of clasp­
ing :t SIlPPOI-t., we Bee the pri1llordial state of an those tendrils 
which ha,\'e been. formed by the modification of flower-peduncles. 

JI ccording 1.0 ]lIohl and other8, some tendrils consist of modified 
branchos: I hrwo seou no 8uch case, and therefore of' course 
know nothing of any trallsitional stntes, jf such occur. But Lo­
pllOSpe1"VlWn at lenst shows liS that such a transition is possible; 
for its branches spontntlcously revolve, and aTe scnsitJiYe to con­
tact. Ilence, if the leaves of some of the branches weTe to abort, 
they would he comert.ed into true tendrils. Noris it BO improbable 
ns it mny nt first appear that certain branches done should become 
modified, t·he others remaining unaltered j for we lJa,ve Been with 
certain varieties of Ph-asBo/us that some of the bra,nches are thin 
a\Hllle,ible and twiue, whilst other branches on the .ame plant 
are stiff n.ud have no such poweT. 

If we inquire bow the petiole of a leaf, or the peduncle of a 
flowor, or a bnmeh first becomes 8cl1sit.ive and acquires the power 
of bending towards the touched side, we get no certain answer. 
Nevertheless all observntioll by Hofmeister· well deserves atten­
tion, llamely, that the .hoots and leaves of all plants, whilst 
YOllllg, moye after being shaken; and it is almost invaria.bly 
young petioles aDel young teudrils, whether formed of modified 
leaves or l1ower-pedul1cle8, wllich movo all being touc1Jed; so that 
it would appear as if these plants had utilized and perfected a 
widely distributed nnd iJlcipient capacity, which c.apacity, as 
fa.r n.s we can scc, is of no service to ordinary plnnt,s. If we 

If Quoted by F, Cohn, in his renmrkable memoir, II Contrnctile Gcwebe im 
rnnnzcmdchc," Abllfmd. der Schll'sichell Ge6ell. 1861, Heft i. S. 36. 
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further inquire how the stems, petioles; tendrils, and flower­
peduncles of climbing plants first acqnired tbeir power of .1'011-
taneonsly revolving, or, to speak more accUl'a.tely, of successively 
bending to all points of the compass, we are again silenced, or 
at most can only remark, that the power of movement, both spon­
taneOllS and from various stimuli, is far more common with plants, 
RS we shall presently see, than is generally supposed to be tbe case 
by those who have not attended to the subject. There is, how­
ever, the one remarbble case of tbe JJIau1"andia semperjlo1"clIs, in 
whicb the young flower-peduncles spontaneously revolve in Ycry 
small circles, and bend themselres, wben gently rubbed, to the 
touched side; yet this plaut certainly profits in no way by these 
two feebly developed powers. A rigorous examination of other 
youug plants would probably show some slight spontaneous move­
ments in the peduncles and petioles, as well aB that sensitiveness 
to shaking observed by Hofmeister. ,Va see at least in tbe Malt­
,·andia a plant which migbt, by a little augmentation of qualities 
which it already possesses, come first to grasp l\ support by its 
flower-peduncles (as with Vitis or Cm-diospermum) and then, by 
the abortion of some of it. flowers, acquire perfect tendrils. 

There i. one interesting point which deserves notice. We have 
seen that some tendrils have origiuated from modified leaves, and 
others from modified flower-peduncles; so that some are foliar and 
others axial in their homological nature. lienee it migbt have 
been expected that they would have presented some difference ill 
function. This i. not the case. On tbe contrary, they present 
the most perfect identity in their several remarkable character­
istics. Tendrils of both Idnds spontaneously revolve at abont the 
same rate. Both, wben touched, bend quickly to the touched side, 
and afterwards recover themae! ves nnd are able to act again. In 
both the sensitiveness is either confined to one side or extends all 
round the tendril. Tbey are either attracted or repelled by the 
light. The latter cage is seell in the foliar tendrils of Bignonia 
capreolata and in the axial tendrils of the Ampclopsis, both of 
which move from the light. The hI'S of the tendrils in these two 
pbnts become, after contact, enlarged into disks, which are at 
first adhesive by the secretion of some cement. Tendrils of both 
kinds, soon after gmsping a support, contract spirally; they theu 
increase greatly in thickness and strength. When we add to 
these several points of identity the fact of the petiole of the 
Solanu", jasminoides assnming the most cbaracteristic featnre of 
the axis; namely, " closed ring of woody vessels, we can bartlly 

LINN. IJ1l0C.-TIOTAN1, YOJ,. IX. I 
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fi\'oid asking, whother tho difference between' foli"r liud axial 
organs can be of so fundnmental a nature D8 is generally BUP" 
pOBed to be the caso *. 

,Ve h:we attempted 1'0 trace some of the stages in tbe genesis 
of climbing plants. But, during tho endless fluctuations in the 
conditions of life to which all organic beings h.ve been exposed, 
it might have been exped",! that some climbing plants would have 
lost the hnbit of c1imbiug. In the c"ses gi"en of certain South 
African phntB bclongiug to gren.t; twining families, which in 
certain districts of theil' nn.ti\'(~ (:oHntl'Y never twine, but reusaume 
this lmuit when cnltinLted in England, we have n. case in point. 
III the leaf-climbing Olc1Itatisjlmnnttlla, and in the tendril-bearing 
Villc, we sec 110 loss in the power of c1imbing, but only n. remnaut 
of' thnt revolving-power which is lndil:lpen8n.ble to all twiners, and 
i~ so commOl), as well us so advl\.Ilt.n.geous, to most climbers. In 
J'ecoma "adicans, oue of the llignonin.ccm, we see a 1ast and 
doubtful trace of the revolving-power. 

IITiHI respect; t·o the "bortion of tendri ls, certain cultivated 
Yll.l'ictics of Cuclt.1'lJi.ln. pc po hn.yc, n.CCQJ'ding to Nnudint, either 
quit e lost thcf;e org-alls or benl' semi-mollstrous representatives of 
thrill. J 11 my limited experience, I have met with only olle in~ 
stancp of their natural flupprcss ioo, namely, ju the common Berm. 
A II the ot.her species of Vicia , 1 believe, bear tendri ls; but the Bean 
is stiO' enollgh to support jts own stem, and in tbis species, at the 
end of the petiolo where a tendril ought to have arisen, a smail 
pointed filament is nlway s present, about 0. third of an iuch in 
length , mHl which must be considered .s the rudiment of a tendriL 
This may be the more safely inferreu, beeauBe I have Been in 
young unhealthy specimens of true tendril-bearing plants Bimilar 
rudim ents. In the J3enn these filaments are variable in Bhape, 'B 
is so frequently the case wit;h all rudimentary organs, being eitber 
e)'liudrical, or foliaceous, or deeply furrowed on the upper Burfaee. 
It; i. :t. mLiler curious li ttle fnct, that Jnany of these filaments 
\I·hen folia<:eous hove dark-coloured glands on their lower Burfaces, 
lilw those on the Btipules, which secrete a sweet fluid; ~o that 
these rlldiments havo been feebly utilized. 

One other analogous e"se, though hypothetical, is worth giving. 
Nearly all the species of Latl,!!"", possess tendrils; but L. nissolia 
iR d<'s t,itutc of them. '['his pta.nf; has leaves, which must have 

.. Mr. H erbert. Spencer hM l'ecently nrguc«( e Principles of Dioiogy,' 1865, 
p. 37 f?l seq.) with much forco thflt thcl'o is no fundamental distinction between 
(olinI' find ninl orgnns in plnnts. 

t Annales des So. Nat. 4th BcriE's, Dot. tom. vi. 1856, p.31. 
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struck c,Tcry one who has llotieed them with BUrpl'lSe, for they 
are quite unlike those of a11 common papilionaceous plants, and 
resemble those of n. gl'rtS~. In L. aplwca the tendril, which is 
not bighly developed (for it is unbranched, and has no sponta­
neous l'Bvo}ying-power), replaccs the leaycs, the latter in functioll 
being replaced by the large stipulcs. Now if we suppose the 
tendrils of L. "1',."c" to become flattened and foliaceous, like the 
litl ie'rudimentary tendrils of tl,e Bean, and the large stilJUles, not 
being any longer wa.nted, to become at tho same time reduced in 
si:w, \yc s11ou]d havc tbe exact counterpart of L. ni88olia, and ita 
curious leaves nre at once rendered jntelligible to us. 

lt lllay be added, aR it will serve to sum up tbe foregoing "iews 
on the origin of tendril-bearing plants, that if these views be 
correct, L. nissolia mm;t be dCHecllded from a. primordial spjral1y~ 
twining plant; thaJ. this became fI leaf-climber; thflt first part of 
the leaf and then the whole leaf became converted hito a tendril, 
with tlw stipulcs by compensation gl'eatly increasedih site.; 
that this tenclril lost it.s bra-nches and became simple, then lost its 
revolving-power (in which .tntc it would resemble the tendril of 
the existing L. apllaco), and afterwards losing its prehensile power 
and becoming foliaceous would no longer be called a tendril. III 
this last .tage (that of the existing L. nissalia) the former tendril 
would reassume its original fundion of a leaf, and its lately largely 
developed stipulel'!, being no longer wanted, would decrease in size. 
If it be hlle that species become modified in the course of ages, 
we may conclurle tha.t L. nissalia is the result of .. long series of 
changes, in some degree like those .ilH~t trllced. 

The most interesting point in the natural his lory of climbing 
plants is theil' diverse powers of movement; and this led me on 
to their study. The most different organs-the stem, flower­
pednncle, petiole, mid-ribs of the lenf or leafiets, and apparently 
aerial roots- alll,ossess this power. 

In the first phce, the tendrils p1:1ce themselves in the propel' 
positioll for nction, stnndillg, for inst.allce in the Gob([]a, vert.ien.ni 
upwa.rds, with their branches divergent "nd their hooks turned 
ontwa.rds, and with the young terminal shoot thrown on one aide; 
Of, as 111 Clematis, the young lenvcs temporarily curve themselves 
downwards, so fl8 to serve as grapnels . 

.. Moquill-Tamlon (Elements de 'l'cl'ntologic, 1841, p. 156) gives tho case 
of a monstrons B(,;!ln, in which f\ case or compensa.tion of tbis nature wns 
fluddcnly effected; for Ihe leaves hnd complct.dy disappeared and the stipules 
had grown to nn enorlllOllS size. 

12 
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Secondly, if the young SllOot of a twining plant, or if a tendril, 
be placed in an inclined p08it;iol1, it soon bcnds upw"rds, though 
completely secluded from the light. 'l'he guiding stimuln. to this 
movement i. no doubt the "ttmction of gravity, as Andrew Knight 
showed to be the ca.e with germinating plants. If a succulent shoot 
of almost auy plant be placed in an inclined po.ition in a gIns. of 
wat-er in the dark, the extremity will, in n. few hours, bend upwards; 
and if the position of the shoot be then reversed, tbe now dowoward­
bent shoot will reverse its curvature; but if the stolon of a Straw­
berry, which has no tendency to gI"Dw upwards, be thus treated, 
it will curre downwards in the direction of, instead of in opposi­
tion to, the force of gravity. As with the Strawberry, so it is gene­
rally with the twining shoots of the J£ibbcrtia dentata., which climb. 
laterally from bush to bush; for these shoots, when bent down­
wards, show little and sometimes no tendency to curve upwn.rds. 

'l'hirdly, climbing plants, like othOl" 1,lant8, bend towards the light 
by fL moyell1ent closely fLualogons to that incurvation which causes 
them to revolve. 'rhis similarity in tllO nature of the movement wns 
well seen when climbing plants were l{cpt in a room, I\nd their first 
movements in the !naming towards the light, and their subsequent 
revolving movements, were tracccl on a bell-glass. 'Ve hil.YC also 
seen that the moycmeut of n. revolving shoot, and ill some cascs of 
" tendril, is retarded or accelerated ill travelling from or to the 
light. III no few instances tendrils beno. in a cODspicuous manner 
towards the darlc NIany authors "peak as if tbe movement of " 
plant towards the light was as directly the result of the evapora­
tion or of the oxygenation of the sap in the stem, ns the elongation 
of n. bar of iron from an increase in its temperature. But, seeing 
that tendrils are either attracted to or repelled by the light, it is 
more probable that tbeir movements are only guided and stimu­
lated by its nction, in t·he same manuer as they are guided by the 
force of attraction from or towards the centre of gravity. 

}'ourthly, we lmve in stems, petioles, :flower-pedullclc~, and 
tendrils the spontaneous revolvi.ng movement which depends on 
no outward stimulus, but is contingent on tbe youth of the part 
and on its \'igorous health, which again of course depends on pro­
per temperature and tlie other conditions of life. 'I'his is perhaps 
the most interesting of all the movement. of climbing plants, be­
C;l11~e jt iR continuous. Very many other plants cxh~bit spontn­
llCOllS movemcllt8, but they generally occur only once during the 
life of the plant, as in the movements of the stamens Rnd pistils, 
&0., or at illter"als of time, as in the so·called sleep of plants. 
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Fifthly, we 1m,e in the tendrils, whatever their homological 
J1ature may be, in the petioles and tips of the leaves of lenf­
climbel'::t, ill the fl.tcm in one CflSC , nnd apparently in the aerial 
roots of the Vanilla, mo,'cments- often rapid movements-from 
contact with any body. Extremely slight pressure suffices to cause 
the moremcnt. 'l'hcsc seyeral organs, a.fter bending from n touch, 
become stmip;ht agnill, and again bend when tonched. 

Sixthly, and laslly, most tcndrils, soon aftcr clasping a snpport, 
but not afte,' .. lIlere temporary curyatnre, contract spirally. Tho 
stimulus from the net of clasping 80me object seems to tmvel 
slowly down the wholc length of tbe tendril. Many tendrils, 
moreol'er, ultimately contmct spontaneou8ly even if they have 
caught no objecL; but tbis lattcr usele88 movement occurs only 
"fter .. considcr",ble lnpse of time. 

"We have secll how divcrsified am the movements of climbing 
plants. 'J~ hcse pla.ub~ arc numerous enough to form n conspicuous 
featurc ill the vegetable kingdom; everyone has heard that this 
i. the case in tropical forests; but even in the thickets of our 
temperate regions the number of kinds and of individual plants is 
considerable, as will be found by counting them. They belong to 
many and widely different orders. To gain some crude idea of 
their distribution in the vegetable series, I marked, from tho lists 
given by Mohl and Palm (adding a rew myself, and a competent 
botanist, 110 doubt, could add lIlany 1Il0re), all those families in 
'Lindley'. Vegetable Kingdom' which include plants in any of 
our several subdivisiol1s of twiners, leaf·c1imbers, and tendril­
bearers; and these (at least, sOllle in each group) all have the 
power of spontaneously r.,"olving. Lindley divides Phanerogamic 
plauts into fifty-nine Alliallces; of these, no less than above balf, 
namely thirty-five, include climbiug plants according to tbe above 
definition, hook- and root-climbers being excluded. To these a. 
rew Cryptogamic plauts must be added which climb by revolving. 
Wheu we reflect on this wide serinl distribntion of plants baving 
this power, and when we kuow that in some of the largest, welI­
defin ed orders, such as tbe Compositre, Rubiacere, Srrophulari­
acere, Liliacero, &c., two or three genem alone, out of the host of 
genera in euch, have this IJowcr, the conclusion is forced on our 
minds that the capacity of acquiring the revolving-power on which 
most climbers depend is inherent, though undeveloped, in almost 
erery plant in the vegetable kingdom. 

It has often been vaguely asserted tbat plants nredistinguished 
from animals by not having the power of movement. It should rather 
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be sn id thnt plants acquire and di . play this power only when it i. 
of .ome ndmntage to tl,em; but th"tthi. i. of comparatively rare 
occurrence, ". they arC affixe,l to the ground, and food i. brought 
to them by the wind and min. 'Ve Bee how high in the Bcale of 
orgn.uizatioll a plaut may rise, when we look at one of the more 
perfect tendril-bearers. It first places it. tendril. ready for action, 
as a polypus places it. tenben/a. If the tendril be displaced, 
it is acted on by thc force of gmlity an,] rights itself. It is actell 
all b.y the light, and bends tOWHl'cls 01' from it, or disregards it, 
wllichcver may be most ndvantageous. During several days the 
knllrll or internodes, or bot-.ll, 8pontaueously revolve with a steady 
motion. The tendril litrikes some object, and quickly curls round 
anti firlllly graspH it. III the COllrse of Bome hours it contracts 
into :I., spi re, dragging \\p the ~tem, n.nd forming an excellent 
~ priJlg. All 1ll0n~ IIlCllts now cease. By growth tho tissucs soon 
h('l'olllo wO]Hlerfllily strong a.Lld (lurablc. The tenuril has done its 
work, and done it in n,1l admirable manuer. 

Letter" f"om Sir H. nARny aud SWINBURNE 'V~RD, Esq., 
"elntim t.o t.he Coco de Mel'. 

[Rend No\', 3, lRG4 .. ] 

OOYCI'llmcllt House, Mauritius, Juno 0, 1864. 

SI1t,-Huving brought tho resolution adopted by the Linnean 
Society, 011 3rd of MMCh, relative to the destruction of the Sea 
Cocoa-nut 'hee ill the ScychellcH Islands, under the notice of the 
Oivil Commissioner of that gronl', and called upon him to suggest 
officially whab measures could be taken to ensure tho !Jroserva­
tion of the remaiuing b'ecs, I have rceeiverl the report of which I 
now bog to enclose a copy. 

'['he Society will be glad to lenl'll that MI'. 'Vonl did not find, 
nn a vie it of inspection, thnt tha.t destructiou bad beoll cnrried SQ 

fat' :lS ha.d beeu represent·cd to him, but that, on the contrary, ono 
f("cst of' these l'alms in I1e Proslin is carefully preserved by itB 
own01", and still contains mn.gnifieellt flpecimeus. 

As this island is "Imost entirely private property, the inter­
f,,,'cucc of thc GOl'e1'l1ment ,"ould be diilicult, except in the way of 
cxhort:1.tion :1.-lld rcmOllstrnncc j hut a.s lle CurieUf~e, where a 
certain number of trees a.rc fOHnd, is st.ill vested in- the Crown, 
:1.11 (\ used for ~. purpose wlii{'h renders it inRccessible to the publi<':. 
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