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PREF ACE. 

TmtI :r...a, firat appeared in the ninth "olumo of 

tho 'JuunW of the Linnean Society,' publishel:l in 

l~ It w here reproduced in a oorreeted and, 1 

hope, d6U'ef (orm, .nth some additional facts. The 

i1hutratiunt wtore drawn by my lIOn, George Darwin. 

Fri ... Muller, after the publication of my poper, sent 

to the Linnean Society (JOUnlO.l, vol. ix., p. 344) some 

inwfl1Iting observations on the climbing plants of 

Huntb Brazil, to which 1 shall frequently refer. 

Rt~ntly two important mcmoi~ chicny on the 

tlifl'l'ft'Oce in growth between the upper and lower 

,idl,ll or lJ'ndrila, and on the mecbanim of the mo\'e

rot-U" of twining plants, by Dr. Hugo de Vries. have 

811JllareU in the 'Arbeiten dee Botanischen IlllltitutB 

in Wllrzburg,' Heft. iiL, 1873. Tbese memoirs ougbt 

11) be carefully studied by every ODO interested in the 

lIubject, as T can here gil'o only refcrencee to the 

more impormut point». This excellent observer, ft,8 
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well as Proleseor Sacha,. attributes al1 tho movements 

of tendril.!! to rapid growth along 000 aide; bllt, from 

re&8OW assigned towards the c1086 of my fourth 

chapter, I cannot persuade myself that tbis holds 

good with respect to those due to a touch. In order 

that the reader may know what pointe have interested 

mo moat, I may call bis attention to certain tendril· 

bearing plants; for iwtance, Bignonia caproolata., 

Cobala, EchinoeystiA, and Hanbnrya, which display 

lUI beautiful adaptations as can be found in any pert. 

of the kingdom of nature. J t is, also, an interellting 

fact that intermediate statOB between organs fitted for 

widely diffcrent functions, may be observed on t1le 

sarno individual plant of Corydalis clnviculata and 

the common vine; and these C8IIC8 illustrate in a 

Itriking manner the principle of the gradual o.olu· 

tion of speeies. 

• AD F.ocU. b tn.ulatloa or or'Tnl·BookorBoW:ay,'&Ddlhil 
lht 'Lchrbucbdo!r~lIik'by bagroe.lbooatoallloTenllf 
Pror_ 8aetu, bN recently II&lurallelelleelnEllglaM. 
(187$), appeued UIlder the UU. 
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,~PPE;,;'DlX TO PREFACE (1882). 

~ISCE tbe publiclIti'JD of tbis Edition two papers 

by eminent oot4ui.llu hl\n~ appeared i Schwcndcllcr, 

• Daa Winden d.-r Pflanzen' (llonalllbcricbto der 

Berliner Akaclcmic. Dee. I SS1), and J. Sachs, 

• Notia u!x'r SchlillgpfiaDzl'll' (Arbcitcn des bota

nischen lnstituls in Wurzburg, Bd, ii. p. 710, 1882). 

The "iew "that tho capacity of revolving, on which 

ID08t .:limbcrs depend, is inherent, though unde

veloped, in aim(NIt ('''cry plant in the vegetable 

kingdom" ('Climbing Plants,' p. 205). has been 

confinnt.'<i by the obsen"ations on circumnulAlion 

IiDce given in 'The Poncr of Movement in PllUlta: 
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Enn.\TA. 

On rp. 28, S~, 40, 53, otal~m.nU AN mod ... ith .. r~ren"" to the 
,uppok<1 A«<l.rnli ..... ~J' tbe re~ohin' mov~m.nt toward.. tho light. It 
Appea .. {)'(1m tho obHn-~tiQn. given In 'n., I'u .... n of Mo .. ~m.Dt in 
"ianto,' p. '.'>1, tht th .... eondutioUl ...... drawn from iD.>uffidtnt 
01.0.'0 .... 1100..,_0..] a ... urontOu .. 
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MQVEIVIENTS AND HABITS 

CLIMBING PLANTS. 

CHAPTER I. 
'1'w1!CI)(G PLAn.. 

,,,trodn",,,,,, mlW~l>eIcrlpt\on 0( the twlnlngo(the Hop-Tonton 
of the "- ... ture of u... nlyolvinlf lDOVetneOt, arad manner of 
____ ,.,_ "'" Irritab1o!-RAteofrewiutioo In orioua plant.
Twm-.'" u... '""Wort.........oI .. hileh 1'1ara_ DlWt~peci ... 
.. hlchfty"heinara .... -w"'lIWoIIoor. 

I WAS led to this subject by an interesting, but short 
paper by Profc~r AIR Gray on tho mOYelDenta of the 
tocntlrilg of IJ()me CucurbitaooollB plants.· My obser
,·ations WN'O more than hair completed before I learnt 
that tho 8utJlrisiug phenomenon of tho spontaneous 
n'l·olutions of the stems and tendrils of climbing 
1,lanlJs had been long ago obacrved by Palm and by 
Hugo yon ~rohl,t and had snbecquently been the 
subject of two memoirs by Dutrochct.,f Noycrthcless, 

• 'P-. A_t. AeaJ.. at AlU 
.Dd SeieDeeI,' 'ftIL iv. ""111· 12, 
1~:4\ p. 9"-

t 1 ..... '''''"11. P.lm,'Uebetdu 
Wlndeo.de.!'.!Ianum;'UUjlO1'oll 
)lohl, 'l'eber M Ban lind du 
\\ wdeo doer Hankel! wxl SchliD&:' 

pDaWlell.'lm. Palm', Trali • 
.... p"bll.obtdOll]y. r .... weeb 
be(ON )tohl'~. See abo' The '.0-
getable (A,1I' (trall,I. 1ed by lien, 
fnly),byll. YOIl Mobi, p.IU to 
O>d. 

t"DelMOliretDeIIYn\rollli:lr. 

B 



TWINUiG PLAln'8. ClUJ'. L 

1 believe that my observations, founded on tbe ex· 
amination of above a hundred widely distinct living 
species, contain sufficient novelty to justify me in 
publishing them. 

Climbing plants may be divided into four classes. 
First, those which twine spirn.lly rouud a. support, snd 
aro not aided by sny other movcmcnt. Seoondly, 
those cndowed with irritable orgsns, which when they 

,touch any object c1t18p it; such organs consisting of 
modified lOOl'O8, bronches, or flower.pechmcles. But 
these two clo.sses sometimes graduate to a. certain 
cxteut into one another. Plants of the third class 
ascend merely by the aid of hooks; and those of the 
fourth by rootlets; but 118 in neitbcrclass do the plants 
exhibit any special mOl'ements, they present little 
interest, snd generally when I speak of climbing plants 
I refer to the two first groat clo.sses. 

TWINING PLANTS. 

This is the largest subdivision, and is apparently 
the primordial snd simplest condition of the class. 
My observations will be beat given by taking a few 
speciill C8.SCil. When the shoot of a. Hop (Humulu., 
lupulu,) rises from the ground, the two or throo first· 
fonned joints or internodes arc strnight and remain 
ststionary; but the nexf...forruoo, whilst l'ery young, 

'pol'4n.e.,"&,,-,'Comp~lkndua.' cb~",bM lur 1& Voll,biliU d"" 
tal ... :lV'i, t ll!-1S) p. 989; "R&- Tigee,"&C.,tom.lu.(181 1)p.2'J!i. 
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Caa. L TWniIXG !'L.UfTS, 

may be IOCn to bend to one aide and to travcl slowly 
round WI"arda all pointa of the cowp8II8, moving, like 
the ham!a or a watch, , .. ith the SUD, The movcmen~ 
,"cry lOOn acquirefl ita rull ordinary vclocity, }~rom 

"",-en obe:lervatioDs made during August on ahoots pro
ceeding frum a plantwhicb bad been cut down,and on 
another plant during April, the average rate during hot 
weath"r and during the day is 2 bra. 8 m. ror oaeh re\'o
Intion; &lid none or the revolutions \'aried much (rom 
thiI rate. The revolving movement coutinues &I long 
u the plant ('Ontinoes to grow; but each separate 
izal.ernod ..... it becomes old, ceaaes to move. 

To UC'ert&in more precisely "'bat amount of move
ment Mth in~'mode unde",'ent, I kept a potted plant, 
d1U'ing the night alld day, ill a weU,warmed room to 
which I W811 confined by iIInaM. A long shoot pro
~l bt-yond the upper cnd of the supporting slick, 
&lid "811 lteadily rel·olving. I then took a longer stick 
and li, .. l np tho shoot, 80 that only a vcry young inter
nodt', If of an inch in length, W88 left freo. This W&lSO 

DfWly u!,riRM that ita revolution could uot be easily 
oLlll"n-ed; hut it certainly moved, and the side of the 
internode ,,'hi('h was atone time conveJ: became concal'e. 
whicb, &II 11'0 shall hereafter &ee, is a sure aign of the 
revoh'ing moy('wcnt. I will 88IIume that it made at 
k-aalone re\'olution during tho first twenty-four hours. 
E4rly tho ncxt morning ita position was marked, and it 
mad ... a ICCOnd revolution in 9 hI'S.; during the latter 
put of this rel'olution it mOl·ed much quicker, and the 
third cirell> was performed in the evening in " little over 
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3 hra. As on the succeeding morning I found that the 
.hoot rel'olved in 2hn. <lam" it must have made during 
the night. tour revolutions, each at the average rate of 
Illittle over 3 hrs. I .honld add that the temperature 
of the room varied only a little. The shoot had now 
grown 3! inches in length, and carried at its extremity 
IL young internode 1 inch in length, which .howed 
slight cbanges in its cun-ature, The ncxt or ninth 
tel'olution '1\'88 effected in 2 hrt. 30 m. From thi8 time 
forward, tbe revolutioDll were ee.s.ily observed. The 
tbirty .. ixtb revolution W88 l>crfonned at. the wmsl 
mte; 80 W88 tIle last or thirtY-116\'enth, but it W88 not 
oompleted; for the internode suddenly became upright, 
Dnd after mOl'ing to the centre, rcmo.ined motionless. 
1 tied II. weight to.its upper end, 80 lUI to bow it slightly 
RIl(1 thu8 deted any movement; but there was none. 
~me timo before the last revolution was half performed, 
tho 100\"C.r part of tho internodo ceased to mo\'e. 

A few moro remarks will complete all that need be 
said about thia internode. It moved during B..e 
daya; but tho more rapid mOl'omenta, aftor the per
formance of the third re\'olution, lasted during three 
daya and twenty hounl. Tho regular te\'olutions, 
from the ninth to thirty .. uth inc1usi,-e, were effected 
at the avemgo rate of 2 Ius. 31m.; but tho Vt"Cfl.ther was 
cold. and this affected tho temperature of the room, 
especially during tho night, and consequently retarded 
the mle or movement n. little. There was only one 
irregular mo\'emenl, which 001l8i8ted in the 8tem mpidly 
making, after an unusually dow ro\'olutioD, only thu 
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..-gment or a eircle. Afoor the ae.,entoonth r6Tolution 
the irlternode had grollfD. from 1 f to 6 inchCII in length, 
and canied an internode II inch long, which W'8If 

jut JK'l'Ct'ptibly moving; and thia carried a. \'ery minute 
nltimate internode. After the twenty-lirst revolution, 
the ~nultimate internode 11'88 2i inches long, and 
probably fC\·ol.,ed in 0. period of abont tllrc6 hollJ'8. 
At the twenty-eeventh revolution tho lower and still 
moving intl'mode 11'88 81, the penultimat6 ai, and 
the ultimate 21 inchee in length; and the inclination 
of the whole shoot lf88 BUch, that a circle 19 inches 
ia cli&meb-r was Iwept by it. When tho movement 
eeued, the lower ioU-mode was 9 inches, and the 
peanltimate 6 io('hCII in length j 10 that, from the 
lWl'ntY-eE'v('nth to thirty-seventh revolutiona inclUlive, 
three internodet were at the SILDlO time revolving. 

The 10~'("r internode, "hen it ceasec:l revoh·jng, 
bet-ame upright and rigid j but 88 the whole Ihoot 
•• left. to gro" unsupported, it became after a time 
bent into a nearly borizontal poeition, the npperm08t 
and growing internodee still re\'olving at the extremity. 
but of coune no longer round the old central point of 
the npportiog stick. From the changed position 
of tho centre of gravity of the extremity, 88 it revoh'ed, 
a alight and Ilow s"aying movement W88 given to the 
long horizonllllJy projecting shoot; and thia movement 
I at first thought 11'88 a. spontaneous one. As the Iboot 
P"', it bung dOli'll more and more, whilst the growing 
and revoh'iug e:rttemity turned itBelfup mOr6and more. 

With the Hop we ha'-e seen that three internodes 



TWI!<lNG PLANTS. C ..... r. I. 

were at the same time revolving; and this was the ease 
with m08t of the plants observed by me. With all, if ill 
full hoo.lth, two internodes re\'ol\'ed; 80 that by the time 
the lower one ceased to revolve, tho one above W88 in 
full action, with a terminal internode just commencing 
to mOve. With Hoya carnosa, on tho other hand, a 
depending shoot, withont any developed leaves, 32 
inches ill length, and consisting of seven internodes 
(11. minute terminal one, an inch in length, being 
counted), continually, but slowly, swayed from sido 
to side in a semicircular course, with the extreme 
internodes making complete revolutions. l'bis sway
ing movement was certainly due to the movement of 
the lower internodes, which, however, had not foroo 
sufficient to 8\\;ng the whole shoot round the central 
slIllporting stick. The case of another AlIclepiadaccolls 
plant, viz., Ceropegia Gard7Un'ii, is worth briefly giving. 
I allowed the top to grow out almost borizontally to 
the length of 31 inches; this now consisted of three 
long internodes, terminated by two short ones. The 
whole rc\'olved in a course opp<»!Cd to the sun (the 
reverse of that of the Hop), at rnte5 between 5 hrs. 15 m, 
and 6 hrs. 45 m, for eMh revolution. The extreme tip 
thus made a circle of above 5 feet (or 62 inchCfl) in dia
meter and 16 feet in circumference, tnwelling at tpe 
mte of 32 or 33 inches per hour. Tho weather being 
hot, the plant was allowed to stand on my study-table; 
alld it was an interesting spectacle to watch the long 
shoot sweeping this gmnd cride, night and day, ic 
search of 80me object round which to twine. 
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c .... ,. t. TWINL'i'G l'LA'i'T9. 

If "'(I take hold of a growing Milling, we can of 
C<)Ufl\(' bfond it to all Bides in Bucoesaion, 80 M to Illllke 

tht' tip dClK"ribe a circle, like that performed by the 
lummit of IL IllOntanoously rel'olring plant. By this 
movement tho sapling is 1I0t in tbo let\8t twisted 
Manrl it! 01\'1l axil. I mention this becauso if a black 
point be painted on tho bark, on tho sido which is 
npl'Il'nnost ",hen tho sapling is bent towards the 
h<li,l~r'l body, as the circle is dCflCribcd, the black 
puinl gradually turns round and siukA to thE' lower 
tidE', .,,,1 comes up again ",hen the circle is completed ; 
and Uii f(ivCI the fabe appearance of twisting, ",hich, 
in the Nae {If lpontaneously revoh-jng plants, clecei"ed 
IDe for a time. The appearauce i8 the more deceitfnl 
bN-anlW'l tho axes of nearly all twining.plants are 
ret\lly t .... illtcd; and they are twisted in tho flAme 
direction witb the 8pontaneous re,'olving movement, 
To give an in8tance, tbe internodo of the lIop of 
which tho history hM hoen rccordod, was at first, all 

oonld bt> IIt!JI'D by the ridges on its 8urfacc!, not in the 
ie6lll twiswd; but when, after tho 3ith tCl'olution, it 
had grown 9 inchel! long, and its revoh-ing mo,'ement 
had CCASt-.J, it had booome twisted Uuf.'O tiDies round 
itt own axis, in the line of the oollne of the 8un; on 
tbo other band, tbe common Coll\'oivuius, which 
te,-oh-el in an opposite course to tho Hop, becomes 
twisted in an opposite direction. 

lienee it is 1I0t 8u-rprising tbnt Rngo von ~Iohl 

(p. 105, lOS, .\:c.) thought thnt the twisting of the 
uis caused the revolving mO'"COl('nt; but it ill not 
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TWINING I'LASTS. . Ctu.r. I 

possible that the twisting of the axis of the Hop three 
times should have caused thirty-seven revolutions. 
Moreover, the re"olving movement commenced in the 
young internode before any twisting of its axis could 
be detected. The internodes of a young Siphomeris 
aocl Lecontea revolved during several days, but becnme 
twisted only once round their own axes. The best 
ovidence. however, that the twisting does not caliSC tho 
revolving movement is afforded by many leaf-climbing 
and tendril-bearing plants (as Pisum Jatiwm, Echino
cystn IWata, Bignonia capreolaI4. &remocarpus scaber. 
and with the lem-climbers, Solanum iasminoidu aud 
"arions spooies of GlematilJ), of which the internodes are 
not twisted. bllt which, as we shall hereafter see, re

gularly penornl revolving movements liko thO$O of true 
twining. plants. Moreover, acoording to Palm (llP. 30, 
05) and Mohl (p.149), and LOOn,· internodes may 
occasionally, and even not very rarely, be found which 
ate twisted in an opposite direction to the other inter
nodC8 on tho S8m(; plan t, and to the course of their 
revolutions; and this, according to LOOn (p.356), is 
the case with all the internodes of a certain ,'ariety of 
Pll(J3801us muUijlcruI. Internodes which have become 
twisted round tbeir own axes, if they have not ceased 
to revolve, are still capable of twining round 0. support, 
as I have several times observed. 

j\fohl has remarked (p. 111) that when 0. stem twines 
round 0. smooth cylindrical stick, it does not become 

• 'DlIlI. Dot . Soc. do Fnnoe,'tcm. 't. ISM!, p. s:i6. 
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twisted.- Accordingly I allowed kidney-beans to run 
up sU'etc.hed string, and up IImooth rods of iron and 
glass, one-third of an inch in diameter, and they 
became twisted only in that degree which follows 118 a 
mechanical nucessity from the spiral winding. The 
stemB, on the other hand, which had Il8ccnded ordinar, 
rough sticks were all more or less Ilnd generally mnch 
t\\istoo. The inftuence of the roughness of the support 
in oausing axial twisting was well seen in the stems 
which had twined up the gLw rods; for these rodB 
were Ihed into split sticks below, and were secured 
abO\'e to cross sticks, and tlm stems in passing these 
places became much twisted. AiJ soon as the stems 
which had flSCended the iron rods reached the summit 
and bec/Ullo free, they also beoome twisted; Ilud this 
apparently occurred more quickly during Willdy than 
dllringcalm weather. Several other facts could begi,'en, 
showing that the a.~ial twisting stands in some relation 
to inequalities in the support, and likewise to the shoot 
revolving freely without any support. Many plants, 
which are not twiners, become in some degree twisted 
round their own axes; t but this occurs so much more 

• Thil'lllhoJe .ubje<:t h", heen 
~bly di.ecul!IIe(\ RUlI explRined by 
II. !Ie Vriea, 'Arbeiton dea Do!. 
l o,titu1ll in WUrzburg-: Heft iii. 
pp.33I,3:;I6.SooaltoSacbs('Te.tt
Book of Dotlluy,' Engli.h trawol,,· 
lion, 187~,p. 770, who ('(Iru;ludes 
~lhatlOtliolliltherolultoCgrowtb 

cootinuillgiDlbeoutcrLByenanez 

it huOOOl!ed or beguu10 c_ in 
the inner InY~rl!.'· 

t Pr(lf~uor Aaa Gmy hM ra
mo.rkedto mc,in,,)cttcr, thnt in 
Thuja occirknlaH~ Ihe l'IIIieting of 
the bAr): L! very oonspieuollA, The 
twL.t. ... gcnerally to tbe rigbt of 
tbe ol.>oetv~r; but. in notidng 
noollt ~ hundred tnmb, four OJ' 
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gcnernlly and IItrongly wiih twining-plants than with 
other plants, that there mnst be lOme connexion 
Lctween tho capacity for twining and axial twisting. 

The stem probably gains rigidity by being twisted 
(on the same principle that a much twisted rope is 
stiffer than a slackly twisted one), and is thull in· 
directly benefited 10 as to be enabled to pas!! over 
inequalitiea in ita spirol ascent, 80(1 to carry its own 
weight when allowod to revoho frooly .· 

I have alludad to the twisting which necessarily 
follow9 on mechanical principles from the spiral 
ascent of a stem, namely, one twist for each spire 
completed. This W&.8 well shown by painting straight 
lillC8 on living stems, and then allowing them to twino; 
but, as I shall hl1\'o to recur to this aubjoct under 
Tendrils. it may be bere passed over. 

'fho revolving movement of a twining plant has 
been compared with that of the tip of a sapling, mO\'ed 
round and round by the hand held aome way down 
the stem; bllt there ia one important differenoo. 
Tbe upper part DC the sapling when thua moved 

1\ .. o .. ereo1»e ..... cdtobet .. t.ted 
in .. n opposite dlrect,iou. Th6 
8.-. .. h ~hMtnut t. otIeo mueb 
t .. lded: there t. .... iDle_ling 
~icl6 00 thill .abject. III I.bo 
,!kottiab Fumer,' 1865, P. 833. 

• It ill Wflil kno .. n th .. 1 I.bo 
. te .... olllWlyplt.11'.--...Uy 
beroIne~l1yl .... tedill" 
...oo.tronltllAllnbr; .. nd .. nu my 
pllpe ...... NadOOforet .... Un.-n 
Society. Dr. Mt,;Iw~1I Muten ,.. 

marked to me in .. tetter thAt 
"1IOIII6olth_CUCI,lfool .. ll, 
atedeJlfoderalupoo.....,.,ob.tt.t:le 
or .... l:uIoe 10 their up ..... rd 
gro.-,h." Thilll!(Jft('.l ..... ..
.. ith.-bt.llbt,.elald .. bolltlbe 
'.-lIdllg 01 at-, .. hich bt,1'II 
twined roooo rogrd "'pportl; 
but 00.,. ~ Jllftlude tbelwllt
illg boing or 1It •• I"" to the plant 
by giving ,-.lel rigidity to tb, 
'I.IlID. 
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remains straight j but with twining plnnts m'ery part 
of the re"oh-ing shoot has ita own 80paTate and 
independent mow'mpnt. This is eMily llroved j for 
_btn tho lower half or two-thirds of 0. long revolving 
shoot is tied to 8. stick, the upper froo part continues 
swa(liIy T(','olving. Even if tbo whole sboot, except 
an ineh or two of tho extremity, be tied up, tbis part, 
as I haWl 8OC'n in the case of the Hop, Ccropcgia, 
Convo,)lnllu!l, &c., goes on revolving, but much more 
11 .. ..-1,.; rnr thtl internodes, until they hal'e grown to 
1OID6 littlt, It'ngth, always movo slowly. If wo look to 
the on .. , l11H1. or Ik·n~ra.l internodes of a re,'olving ahoot, 
tht",. will I.e flU &e(>n to be more or 1(!S8 OO,,-ed, either 
during tho wbole or during a large pInt of each revolu
tion. Now if a coloured streak be painted (this was 
dune "'ith a largo number of twining plants) along, 
"-0 ,,-ill say, the conl'ex surface. tho streak will after 
a time (depending on the rate of revolution) be 
found to be running laterally along one side of the 
buW'. tben alollg the conca.e sidc, then laterally on 
tho oppollite side, and, lastly, again on the originally 
('Onl'CX surface. This clearly prol'e8 that during the 
revoh'ing mo,'emcnt the internodes become bowed 
in c"ery diroction. The movement is, in fact, a con
linuous self-boll'ing of the whole shoot, sllccessively 
dirocted to all points of tho compass j and has been 
well designated by Sachs M a rel'olving nutation. 

As this movement is rather difficult to understand, 
it will bo well to give an illustration, TIIKo-a sapling 
and b£>nd it to the south, and po.int a block line on tho 
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CODYCX surface; let the sapling spring up Rnd bend it 
to the east, and the black line will be seen to run 
along the lateral fnee fronting the north j bend it to 
the north, the black line ",-ill be on the ooncnve 
surface; bend it to the west, the lillC will again be on 
the lateral (ace; and when again bent to tho south, 
the line will be on tIle original convex surface. Now, 
instead of bending tho sapling, let us suppose that the 
cells along its northern surface from the base to the 
tip wero to grow much more rapidly than on the throe 
other sidll!!l. the whole shoot would then necessarily be 
bowoo to tho south; and let the longitudinal growing 
surface creep round the shoot, deserting by slow degrees 
the northern side and encroaching on the western side. 
and 80 round by the south, by the 008t, again to the 
north. In this case the shoot would remain always 
bowed with the painted line appearing on the several 
above specified Burfaces, and with the point of the 
shoot successively directed to each point of the 
compass. In ftl.ct, we should have the exact kind of 
moyement performed by the revoh-ing shoots of twining 
plants.· 

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

~ The view tbat tbe reYOlvjng H. de Vrilll; and tbe trotb of tbl. 
IDOVelQenl Olunt.atioD ortbl!SleIlll rio .. II proved b1 their (l'Sl.'(lllent 
oft_iuiog planb iI due 10 growth oboienatio .... 
11 that adVllneed by &eha and 

(C) The Complete Work of Charles Darwin Online 



13 

our illustration, if we suppose only the northern and 
BOuthenl 8urf~ of the IIIlpling alternately to grow 
rapidly, the summit would dtlllCribe a simple are; if 
tbe gro"oth first travelled a very little to the w~tem 
face, and during the return 1\ very little to tho eastern 
face, a Ilarrow cllipso would bo described; and the 
Mpling wouM be straight lUI it passed to and fro 
through the intermediate space; and a complete 
straightening of the shoot may often be obeemxl in 
re\'oh'jug IJlantll. The mOl"cment is frequently such 
that three of the sides of the shoot seem to be growing 
in due order more rapidIytban the remaining side; 80 

that a semi-circlo irutead or a circle is described, the 
shoot becoming straight and UIJright during half of its 
course. 

W hen fL revolving shoot consistll of IJ(lvcrn.l inter
nodes, the lower ones bend together at the same rote, 
but ono or two of the terminal ones bend at a slower 
rate; hence, though at times all tho internodes are 
in tho same direction, at other timee the shoot is 
rendered slightly serpentine, The rate IJf re"olutioD 
of the ,,·hole shoot) if judged by tho movemeut of the 
extreme tip, ill thus at times a.ooeleratod or retarded. 
One IJther point must be noticed. Authors have ob
aerved thllt tho end of the shoot in many twining plants 
ilIoompletely hooked; this is very genoral, for instance, 
with the Asclepiadacere. The hooked tip, in rill the 
CMeS obeerved by me, viz. in Cer-opegia, SphlCTOItemma, 
Olnodendroa. Witlana, Stephania, Aktlbia, and Si~ 
mwiI, has eJ:fIctly tho se.me kiod of movement 118 the 

~ The Complete Wort of Chanes Darwin Online 
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other internodes; for a line painteU on the com"ex 
purfaco first becomes lateral and then concave; but, 
owing to tho youth of these terminal internodes, the 
:'Cvcrsul of the hook is a slower process than that of the 
revolving movement.,- This strongly marked tendency 
in the young, terminal and flexible internodes, to bend 
in a greater degree or more ahrnl)tiy than the other 
internodes, is of service to the plant; for not only does 
the book thus formed sometimes sen-a to catch a 
support, hut (and this 800ms to be much more impor
tant) it causes the extremity of the ahoot to embrace 
the support much moro closely than it could otherwise 
have done, and thWl aids in prc,"cnting tho stem from 
being bloll'Il away during windy weather, as I have 
many times obsen·ed. In Lonicera brtUhypoda the 
book only straightens itself periodically, and never 
becomes ro,"crsed. I will not assert that the tips of 
all twining plants when hooked, either reverse them· 
selves or become periodically straight, in the manner 
just described; fOf the hooked form may in some cases 
be permanent, and be due to the UlanDOr of growth of 
the specics, as with the tips of the shoots of the eorn· 
mon vine, Ilnd more plainly with tboBO of Giuu., dj,.. 
eolor-plants which are not spira.! twiners. 

The first purpo!le of the spontaneous revolving 
mO\'ement, or, morc strictly speaking, of the con· 

• The mochaniam by which t.he H. de "liN (ibid, p. fl37); be 
eud or the dtoot remaina hooked ooncludet that. "it dependl em the 
,ppeoon to be , ditlkuLt nd rel'tioobetwooothe.rapidilyoftor
complex problem, dbIe~ by Dr, aon and the rapidityofulltatioa." 
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tinuous bowing mo,"ement directed IJUcceail"cly to all 
points of the compass. is, as Mohl hu rcmlU'ked, to 
fa'"our the shoot finding a support. This ia aJ.mirably 
effected by the nwolutioDII carried 011 night and day, 
a Irider and wider circle being 8wellt lUI tho Ilhoot 
increa8CII in length. 'fhis movement likcY';150 explains 
how the Illanls twino; for when a revolving shoot 
meet. with IL IIUIJport, its motion i8 necessarily arrested 
at the point of contact, but the free projooting part 
gooa on revolving. as this continues, higher and 
higher point. are brought into contact with the 
IUpport and are arrested; and lJO ollwards to the ex
tremity; and thus the shoot windB round its support. 
When the shoot follon the lun in ita re,"oh·ing 
course, i t wind. round the support from right to left, 
the support being supposed to stAnd in front of the 
beholder; when tho woot revolves in au opposite 
direction, the line of winding is reversed. As each 
internode 108C8 from age its power or revolving, it like
wise 10&e8 its potl'er or spirally trilling. U a mSD 
lwings a rope round his head, and tho eud hits a stick. 
it ~fill coil round tho stick acoording to the direction 
or the Itlioging movement; 80 it is with a twining plant. 
a line or growth travelling round the {roo part of the 
&boot causing it to bend toward. tho ollpoeite side. and 
this replncce tho momentum oC tho froo ondoC tho rope. 

All tho authors, except Palm and Moht. who havo 
diacusacd tho spirnl twining of plants, maintAiu that 
Inch plant. havo a natura] tendency to grow spirally. 
Mohl belio\'es (p. 112) that twining sterna bfu'c 

The Com le te Wort of Charle$ Oarw,n ne 
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a dull kind of irritability,80 that they bend towards 
any object which they touch; but this is denied 
by Palm. E\'cn before reading ![ohl's interesting 
treatise, tbia view set"!moo to me 80 probable tbat I 
tested it in every way that I could, but always with 
Il.ncgnth'c result. I rubbed many shoots much barder 
than is necessary to excite mo\'oment in Slly tendril 
or in the foot-stalk of any leaf climber, bllt without any 
cft'ect. I tben tied a light forked twig to a shoot of 8 

nop, a Otro~gia. S~ma. and Adhatoda, 80 that 
the fork prc8lled .,n ODO side alone of the shoot and 
rc\'olvoo with it j I pu.rpoeely selected some very slow 
rc\'olvcrs, &II it III!(!IDOO most likely that these would 
)Jrofit most from possessing irritability; but in no case 
was any effect produced.· Morco\'cr, when a shoot 
winds round a support, the winding moycmcnt is 
alwnys slower, as wo shall immediately see, than 
whilst it revolves freely and touches nothing. Helice 
I conclude that twining stelllB are not irritable; and 
indeed it ill not probable that they should be 80, as 
nature always economizea her means, and irritability 
wOltld haye been superOuous. Nevertheless I do not 
wilh to 8.8fICrt that they are nc'·er irritable; for the 
growing axis of the Icaf~ljmbing, but not spirally 
t,dniug, Lophospmnum IOCInderuis, certainly irritable; 
but thi, case gives me confidence that ordiuary twiners 

• Dr. H. de Vne. abo 11M plantl ate D(II. lnitable. and 0.1 
,boom (Ibid. P. 821 and S"~) by a ItIt .. _ or their .. inding np a 
b$ttoorJllelhodthauth.r.lemployed lupportilnadly .. hatlhantde
by ... lhaliha.tem. of tWlulul 00::,10011. 

ot:I rhe Complete Wort of Charles Oarw,n Onl,ne 



C ..... L 17 

do not posses3 any rne.h qua.lity, (or directly after 
putting a stick to the ~"m, I 811 __ that it 
behaved differently Crom a true twiner or auyother 
lea.f-climber.-

The belief that twiners have a natural tendency to 
grow spiru lly, probably arose from their assuming a 
spiral form whell wound round a. support, and (rom the 
extremity, even whilst remaining free, sometimes 
ll8!uming this fornl. The froo internodes of vigor. 
ously growiug plants, when they ccaae to re"olve, 
beoome straight, and show no tendency to be spiral ; 
but when a shoot has nearly ceased to grow, or wben 
the 1)lallt is unhealthy, the extremity docs oocasionaHy 
become spirol. I htl.Y6 seen this in a remarkable 
manner with the cnds of the shoots of the Stau"umUf and 
..,fthe nlliC(IAkebiu, which became wound up into a close 
spire, just like a tendril; and tbis was apt to occur after 
MUll; small, ill-formed ica,'cs had perished. The ex
planation, I belien'!, is, that in such C88CI tho lower ports 
01' the terminal internodes very gradually and suc
cessively lose their power of movement, whilst the 
portions just aOOTO mOTe onward, and in their turn 
become motionlcu; and this ends iu forming all 
irregular spire. 

When a revolving shoot strikes a stick, it ,,-jnds 
round it rother more slowly than it revolves. For 
instance, a shoot of the Oeropegi.a, revoh'ed ill «3 hra., 

t 0.. lI . ,IeYri •• talel(1bid.p.S2:2)tbatthe McoI olOu.euta Ie 
IrTitabie libato'lIdtU. 
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hut took 9 hrs. 30 m. to make ono complete spire round 
a stick; 4.rilidochia gig", revol\'lld in about 5 hn.., but 
took 9 hrs.15 m. tooomplete it8spiro. Tbia. I presume, 
is due to tho oontinuoo disturbanco of the impelling 
Corce by the arrestment of tho movement at successive 
poin13; and we shall hereafter see thnt oven shaking 0. 

}Ii!mt retnrd8 the revolving movement. Tho terminal 
iuternodes of a long, much-inclined, revolving shoot of 
tho ~ro~ia. after they had wound round a stick, 
alway. slipped up it,80 as to render the spire more 
open than it was at. first; a.nd this WlUI probably in 
part due to the force which caU8Cd the rel"olutions, 
beillg now almost frood from the constraint of gravity 
and allowed to act freely. With tho Wistaria, on the 
uther hand, a long horizontal shoot wound itself at 
Urst into a very cloao spiro, which remained un. 
chnnged; but subsequently, IlS tho shoot twined 
spirally up its support, it made a much more opeu 
spire. With all the many plWlu which were allowed 
rreely to 8lIOOnd a support, the terminal internodes 
made at first a close spire j and this, during windy 
weather, served to keep the shoots in close contact 
Irith their support; but as the penultimate internodes 
grow in length, they pushed themselves up for a 
l'()IIsiderablo space (ascertained by coloured marks on 
the shoot and on the slipport) round the stick, and the 
spire became more open.-

It follows from this latter fact that the positiun 

• Sloe Dr. H. de "ri", (ibi.!, p. S2-&) oa thlalllbjeel 
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occupied by each loof with ret;peet to the IUppon. 
depends on the growth of the intcmodet; after they 
have become Ipirally wound round iL 1 mention tbis 
on accouut or an obacnation by Palm (p.34), who 
stft.toa that tbo oppoeito leaves of tho TIop always stand 
in a row, exactly O\'er one anotber, on tbo IJIUllO side 
of the supporting stick, whatever ita thiche&!! may 
be. 1I[y sons v~itcd a hop-field for me, and reported 
that thougb they generally found the pointa of inler
tion of the leaves standing over each other for a !!IpIlC'I 

of two or three feet in height, yet thit never occurred 
up the whole length of the pole; the points of insertion 
{Ilnning, &I might M"e been expected, an im'gular 
spire. Any irrt'gularity in the pole entirely destroyed 
the regularity of position of the leaves. From casual 
inspe<:tion, it appeared to me that tho oppogito leln'es 
of 7'hunbwgiaalala were /lmLIlged in linea up the sticks 
round which they had twined; accordingly, I miflNi a 
dozen Illanl8, and gave them diclrs of various th.ick· 
ne88e!\ as ,.'ell as string, to twine round; and in this 
ease on~ alone out o{ the dozen had ita loo,'es 
arranged in a perpendicular line: I conclude, therefore, 
Palm's statement ~ not quite accurate. 

The looves or dill'erent twining-plants are arranged 
on the stem (before it has twined) alternately, or 
oppositely, or in a spire, III the latter case tho line of 
insertion of the loo,'csand the course of the fC"olutions 
coincide. Th~ fact has been well shown by Dutrochet,· 

• Cca:apCl'tllkad..,ISH.tom.. m.p. ~,&Dd AmI&leIda.8c. X.I
Sld.m.,&t.,tom.U.p.I63.. 
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who fouud different individualll of Solanum dulcamara 
twining in opposite directions, and these had their 
leaves in each case spirally arranged in the 8tl.me direc
tion. A dense whorl of many loows would apparently 
he incommodious for a twining plant, and some authors 
nssert that none have their leaves thM arranged j but 
a twining Siphomeri. has whorls of three leaves. 

If n stick which hIlS arrested a rel·oll·jng shoot, but 
has not as yet been encircled, be suddenly tClkell 
away, the shoot generally springs forward, showing 
t hat it WIlS prossing with 80me force against the stick. 
After fl. shoot has wound round fl. stick, if this be with
drawn, it retains for a time its spiM! fonn j it then 
straightens itself, and again commen~ to revolve. 
'!'he long, much-inclined shoot of the Ceropevia )lro

viously alluded to offered 80me curious peculiarities. 
The lower and older inromodes, which continued to 
fCl'ohe, were incapable, on repeated t rials, of twining 
round fl. thin stick; sh.o .... ing that, although the power 
of mm'ement was retained, this WIlS not sufficient 
to enable the plant to twine. I then moved the 
stick to n grearor distCInce, 80 that it was stmck by 
a point 21- inches from the extremity of the penulti
mate internode j and it WfL!I thcn neatly encircled 
by this part of the penultimate and by the ultimate 
internode. Aft-er leaving tho spirally wound shoot for 
eleven hours, I quietly withdrew the stick, and in the 
course of the day tho curled portion straightened 
itself and recommenced revolving; but the lower (lnd 
not curled portion of the penultimate internode did 



CUP. I, 21 

not. move, a IOrt of hinge separating the moving an.1 
tho motionless part of the same internode. After 8 

few days, hOlll'ever, I found that this lower part. had 
likewiso 1'CCO\"cred its revolving power, 'Thcsb &eversl 
fllCts show that tho power of movement is not. immed i
ately lost in the arrested portion of fl. reyolving shoot ; 
and that after being temporarily lost itcan be rooo\'ered, 
Wheu a shoot has remained for a coll8.iderahle time 
round a support, it permanent1y retains its spiral (onn 
even when tho support is removed. 

When a tall stick WM plaeed 80 as to arrest the 
lo, .. er and rigid internodes of the ~, at th f." 
distance at fint (I f 15 and then of 21 inches from the 
centre (If revolution, the straight shoot slowly ami 
gradually slid up 010 stick, 10 119 to become more and 
more highly inclined, but did not ptWI over tho 
.ummit. 'Then, after an interval sufficient to have 
allowed of a semi-revolution, tho shoot suddenly 
hounded from the stick and fell over to the opposite 
aide or point of the compass, Bud reassUlDed its 
previous slight inclination. It. now recommenced 
revolving in its usual coune, 10 that after a semi
revolution it again came into contact with tho stick, 
again slid up it, and again hounded from it aud fell 
over to the opposite side. This moyement of the 
shoot bad fl. very odd appearance, Il.8 if it were 
disgusted with ita failure but was resoiyoo to try 
again. We shall, I think, understand thie movement 
by oonsidering the fonner illusi:J'8tion of the tapliug, in 
which tho growing surface W88 supposed to creep round 
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frora the northern by the western to the sonthern 
face; and thenoo book again by the eastern to the 
northern faoe, successively bowing tho sapling in aU 
dirootions. Now with the OeropetJia, the stick beiDg 
placed to the south of the shoot. and in contact with 
it, as BOOU as the circulatory growth reached the 
western snrft\CC, noefl'oot would be producOO, except. that 
the shoot would be pressed firmly against the stick. 
But as BOOn as gro\\1h on the southern surface began, 
the shoot would be slo1\'ly dragged with a slid.ing mO\'e
mcnt up the stick; and then, as BOOn as the eastern 
growth commenced, the shoot would be drown from the 
stick, and its wcight coinciding with the elTects of tho 
changed surface of growth, would cause it suddenly to 
fall to the OPI>08ito side, reassuming its previous slight 
inclination j and the ordinary rel'Olving mo\'ement 
would then go on as before. I have described this 
curious ease with some carc, because it first led me to 
understand the order in which, as 1 then thought, the 
surfaces contracted; but in which, as we nOli' know from 
Sachs and H. de Vries, tbey grow Cor a time rapidly, 
tbu8 causing the Rhoot to bow towards the opposite 
side. 

The view jWJt gi'fen Curther explains, as 1 belic\-e, 
D Cact observed by MoW (p. 136), mUllaly, that a 
revolving shoot, though it will twine round an object 
as tbin as a throod, caunot do so round D thick support_ 
I placed some long revolving shoots of a H'iataria 
close to D post between 5 and 6 inches in diameter, 
but, though aided by me in msny ways, they could 
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not wind round it. This apparently was due to the 
flexure oC the Rhoot, whilst winding round an object 
80 gently CUrl'ed as this poet, not being sufficient to 
hold the shoot to its place when the growing RurCace 
crept round to tho opposito SUrf/leo of the shoot; 110 

that it W88 withdrawn at each revolution from its 
support. 

When a Cree shoot has grown Car beyond its support, 
it sinks downwards Crom its weight, as already explained 
in the easo oC tbe Hop, with the revolving extremity 
turned upwards. If the support be not lofty, the shoot 
falla to the ground, and resting there, the e:dremity 
rises up. Sometimes several shoots, lI'hen flexible, 
twine together into a cable, and thus support one 
another. Single thin depending shootB, sucb as tllOse 
of the Sollya Drummcndii, will turn o.bnlptly back
wards and wind up on themselvC8. The greater 
number of the depending shoots., however, of onc 
twining plant. the Hibberlia dentaJa, showed but little 
tendency to tum npwards. In other CII8e8, as with the 
CnJJ1lo*9ia grClndijf.cra, several internodes which were 
at first flexible and revolved, if they did not sueceed in 
twining round a 8UpPOrt, become quite rigi{l, and 8Up
porting themseh'cs upright, carried on their summits 
the younger revolving internodes. 

nere will be a convenient plllOO to givo II. Table 
showing the direction and mte oC movement of several 
twining plants, with a few a.ppended remarks.. These 
plants are arranged according to Lindley's <Vegetable 
Kingdom' of 1853; and they have been selected from 
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24 TWL'flNO PLA.~T8. CJu,r.L 

all paris or the series 80 all to show that all kinds 
behave in a nearly uniform manner.-

PM nau, of RevolrdiM of mriow Twini1lfJ Plantl, 

(AOOTYLEDON8.) 

Lwodium auuim. (Polypodiaoom) mo\'(l8 ngo.i.nst the sun. 

Jnne 18, lat eirclo was made in . 6 0 
" IS, 2nd ,. . 6 15 (Jato in evening) 
.. 19, Std .. • 5 82 (very hot day) 
.. Itt, 4th " 5 o (very hot day) 
.. !I),5th .. 6 0 

Lv.Jodi_cart.:c.z,u_moVOIagainattho l un. 

Jull HI, 1st. circle w&I made in • 16 SO (_hoot TCry young) 
.. !n,2nd .15 0 
,,21,Srd " 8 0 
,,22,4th " .1080 

(MONOOOTYLEDONS.) 

RU«IU IIlIdrogynUi (Lilia.ccal), plilOlld in the hot.-honse, IDO\"e8 
againtttbeaun. 

lI.ay2-J,lstcirclewumadein 
.. 25,2Dd 

2.1."" 
.. 25,4th .. 

26,Mb .. 
27,6th 
27,7th 

• I .m mueb indebtod to Dr. 
Hooke, (0. b&ring IleUt me matll 
rlant& from Ke.: Iud to Mr. 
Veitch,oltho! Royal ExotioN\lr_ 
IUY, for "'''' iug ~1 giYen 
me.collertionoffine~ 

6 11 (ahoot very young) 
221 
887 ." 2('() 

8" 
'11 

ofclhoblngplant.. Pro(~rA.-. 
01111, Pl'(It. OIin'r,llnd Dr. Hooker 
Nove .JI'ordecl me, ... on "'"'''1 
pnI"Joue oeeaolont, m..-,b Infor_ 
matlott.ndwt.nyJcl" ............ 
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(MoS'OOOTYLEDOS's, conIinu«l.) 
.1'P""'9"I (1lIlD&IDed apecieI !10m Xow) (LillaooIa) m()1'11 

against the sun, p1t.ood in bolhonae. 

Doc. 26, lst circlo was made in . 5 0 
.. 'Zl,2nd " 54.0 

Tamlll commllnil (DiOllOOl'C6OCI8). A 10ung liloot from a 
tuber in a pot plaood in tho groonbouso: foUow. t~e ~D. 

July, 7, lit circle was made in . 8 10 
7,2nd \I sa 

" 8,8rd .. S 5 
.. a,4th .. \I 56 
.. 8,5th " 280 
.. a,6th .. 280 

Lap4gtNJ(l. _ (Phileaiaoole), in groenhouee, folio.,. tho IIllD. 

llarch 1I,1It circle was made in. . 26 15 (ahoot young) 
I O,l!(lmicircie .. 815 
11, 2nd cirele " . 11 0 
12,8rd " . 15 l:lO 
IS, 4th .. . 1415 

.. IG,6th.. .... 840 wheu placed in 
the hotbouBej but the DCJ:t day tbo . boot remained 
ltationary. 

Rt;IIZ/ItlrgAia 11iridifl- (Ro:dmrg~) moTe. against the 
lUll j n oomplc.ted. circle in about 21 hours. 

(DIOOTl'l.EDONS.) 

0_111111 L.p.l ... (UrtiC6OOOl) rollowl tho 1Iln. The plant 
1II'11II kept in. room during ",arm "'calher. 

April 9,2 circlOll were made in . . 4 16 
Aug. 18, 8rd cirele was " . 2 0 

14,41h . 2 ~ 
14,6th • 2 16 

.. 14,6th.. .. • 2 2 

.. 14,7th . 2 0 
14,&h . 2 4. 

It> The Comple te Wort of Charles Oa"""n Online 



26 TWDlISG PLANTS. 

(DICOTYLEDONS, continued.) 
With tbe IIop a IICmieirele WIllI performed, in travelling 

from the light, in 1 hr. sa m.; in travelling to the light, in 
1 hr. 13 m. i dilfercnce of rate, 20 In. 

Aktbi4 quinata (Lardizabala0e!9), plaood in hothouse, moves 
againatt.he8UIl. 

March 17, ht circle WII8 made in 

" 18,2nd " " 
" IS,Sm .. " 
.. 19,4th " 

· 4 0 (ahoot young) 
• 140 

· "" · 1 45 

su.untooi4 latifdw. (Ln.rdizabalacero), pJaood in hothouae, 
moves against tho sun. 

MlLrch28,lstciroioWll3ma.doin • SBO 
" 29,2nd" .345 

8~t:lnma marmonU"m (Schizandrnooll3) follows the sun. 

August 5th, 1st circle WM made in about • • 24 0 
" 5tb,2nd circle Wf18 made in. • • . 18 SO 

St~pJ.anUJ. rotunda (Menillperllll\Cere) mava!! againlIt the BUn. 

May Zl,hteirclowaumadoin .5 5 
.. 8O,2nd " .76 

Juno 2,3rd " .515 
" B,4th " .628 

Thryulli. bradllIllaU!YI (Ma\pigbiaoele) moves against the lUll: 
one shoot made a circle in 12 hrs., IWd another in 10 hr!l. SO m.; 
but the ncrl day, whicb wall much colder, tbe firIIt lihoot took 
10 hn;. to pmfOl'ID only a ecmicirolo. 

Hi1JbwIia denJata (DiUoniacero), pmeoo. in tho hotbouse, fol
lowed the IlUD, and made (May 18th) a circle in 7 hra ~ m. ; on 
the 19th, revened ita OCIUI'!IC, and movod against the !!Un, and 
mMioa cirel~ in 7 bra. , on the 20th, moyoo asaillllt the suo one
third ofa cirele, and then alood still, on the 26th, f01l0woo the 
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TWINUIO PllNT8. 27 

(DuxrrYLEDOK8, continued.) 
IUD for two-tbird. or .. circle, and tOOn rctumed to It. etartill8-
point, taking rew t.hiI donble eoune II br.. 46 m. 

SolI,. nn.--lii (Pittoaponoeto) mo ..... ~ the lUll 

kept in greenbou-. 

April4,Istcirclewumadein .425" 
.. 5,2ud .. .8 O(T{ll'1oolddar) 
.. 6.l:Ird .. . 625 
.. 7,4th .. .. " . 7 5 

Pol",.. . .. d..adortrM (PoIrgoDaOl'IB). Thia _ ia taken 
I'I'OUl Dutrocbet (p. 299), ... I obeencd, DO allied plan': folio," 
the IUD. 'l'h1'fI8 IhcKIta. eut of!' a plant, and plaoed in water 
made circle. in 3 bn.. 10 m., 5 bra. 20 m., .. nd 7 bre.IG m. 

11'1$111";" C'M'IOIm ~nUnoae), in greenhou.ae, IIlO'I'IlII 

againUtho.nn. 

U .. r IS. letcif'ele ..... made iD .86 
" IS,2nd . S:D 
.. 16.8rd .. .:.1 6 
.. 2i.4tb " . 8 21 
.. 25,61h .. . 2 S7 
.. 25.6th .. .286 

P"-ol .. nlgarU~).iDgreenhonee.mcm!lapiDbt , .. ~ 
Ma,.. btcireleW1llmade in .2''0 
,,2nd.. .1 66 
.. 8rd .. .... . 166 

Df~i4 lI""",yU" (A~) mo ..... apinst tile lUI 

April lB. letcircle .... made in . .8'0-
.. l!l,2nd .. .916 
.. SO,8rd .. .940 

n,pladeni4 ~"lOd" 1DOT8I against tho ann. 

Ma,16.letcm::Je .... madeiD. .9''6 
Jub"~,2nd .. .8 0 

.. 2l.8rd .. . 8 6 
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(DICOTYLEDONS, colltillued.) 
Groptgia G!mlneri. (Asclepiadaoole) movel agaillllt the IJ1lD,. 

Sh:~U:;~ Y.O=:' : ~Ch~} lat circle wu porforrnoo in 7 55 

Shoot still yoUDg 2nd .. 'j 0 
Long shoot 8rd " 6 53 
Long ,boot 4th .. 5 15 
Long lboot 5th .. 6 45 

• SItph4RCCif j/orimmda {Allclcpia.di\ceal) movtllJ Ig..im;t the IUn 
Ind made a circle in 6 hnI. 40 In., 110 8000Jld circle in about 9 bra. 

IIoya oa;..- (Aaclepiadaoce) JItade eevcra1 circlOll in. from 
16hn.to2'Jhnl.or24hre. 

J~ "..",..r-ea (Convolmlaooa) movOl against the lUll. 
PI.t.nt placed in room 1Iith lateral light. 

(

ScmiCireJe, Crom tho light in 
laicirclewum&dein2hn.t2m. 1 hr. 14 m.., to the light 

Ihr.2Sm.: differcnooHm. 

(

Semicircle, Crom thc light in 
2nd circle WlII made in 2 m 47m. 1 hr. 17 m., to tbe light 1 hr. 

80 m.: difference 18 In. 

Jpomaojvcund4 (Convolvul_)ttIO~ &g&inBt the IUD, placed 
in my ltndy, 1Iith windowa £acing the uorth-cul We&thcr bot. 

(

Semicircle, from tho light in 
1st circJewlI8 made in 5 hrs.80 w. 4 hra.SOm., to the light 1 hr. 

Om.: differenoo 3 bn. SO m. 

2nd circle W58 ~ in 5 bra. \SemicireJe, from the light ill 
~m.. (lakt III afternoon: 3hrL 50 m., to the light 1 b:r. 
~;eoomPJeted at 6 brs. 4Om. 80m.: difference 2 hn. 00 m. 

We have hore a remarkable instanoo of the power ot light in 
retarding and hastening the revolving movement. (Eke EIIJI. ... T ... . ) 

Con""'nd"" trpi .. m (la:rge-60werod eultivlted var.) ttIOVOll 
agaillf;t the lUn.. Two circloe., wore made each in 1 hr. 42 In.: 

differenoo in -.:micircle from &rut to the light 14 m.. 
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CIlA~. L TWISL"G l'LANT8. 29 

(D1OOTYLEDONB, eonIinutd.) 
Ri_ tiliv/clio (CouTOlT11laoe*l) move. -.pins! the IUD., 

Il1&01;) (our Mt'OluliOllll in 9 bn.; ., that. OD aD '\1!I1lge. eaeh 
na perfQfIIlOO iu 2 hrw. 15 In. 

PlumbafJo "*(I (Plumt.ginaooee) fQllowa the IUn. The ahoot 
did not begin to reTolve until IlC4rly a yard in height; it then 
nwie aline cirole in 10 hr8. 45 In. During the next few daya it 
('<)I\tinuodtomo'fO.bu'~lariy. OnAugust 151b the ~boot 
(.,110'11'00. during a period or 10 Ius. 40 tn., • long aDd docply 
zigzag oour.e and then made • broad eUiIJ18. The Ilgun! 
apparently roPl"Mellted three elli ..... each of "'web. aTeraged 
8 hn. 33 m. lor it. oomplction. 

;<IIMo'"." prlllcift __ • Bentham (JSlIIlinaoMe), movea aplDli\ 
the.un. AciroIo .... madein7bnL15m .• and.eeoondratber 
morequkkI.r. 

Cl~". .. TII/ItIUIOIIIii{Verbonaoete) follo1l'l the IUU. 

April 12. lsi circlo 'II'aIJ made in. I) 45 (ahoot TCl'y young) 
I1,2nd .. S SO 

l ij, .lJCmicirole 

I!l,Stdeirele .. 
2O.4th .. 

Marth 17, Ht eirelo .... made in 
., 19,2nd .. 
.. 2'l,Srd " 
.. 21, 4th " 

• Ci 0 plant .... ,b.U:cn 
(

directly aner the 

ou being moved) 
. 8 0 

.oo 

"., 
. 7 0 

8 SO (Tery cold day) 
• G 45 

;/'umberfia olala (Acanthnccl8) moTOI aSllinst IUti. 

Aprill", Itt cll'do Wall made in. : 20' 
18. 200 2 50 

.. UI.Srd.. .... 265 

.. 18, >lIb .. .... 8 w (late in .nernOOll) 
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30 TWL!UNO fLANTfl. CJup.I. 

(DrOOTYt.Eooss, omatinu«l.) 
.d~ r:ydortvJolia (Acantbr.oele) folloWII theaun. A 10nng 

Ihoot made .. .emicircle in 2l hn. i lJIl'-!.UeIltly it made • 
circle in bet_ «l hrL and 48 hrL ADot.hcr aboot, however, 
made a cirolo in 00 bra. 80 m. 

MilaRia _~ (Compoaital) tDOT8IlgainIt lheRUL 

March 14, Ln circle was made in S 10 
.. Hi,2nd S 0 
.. 16,Srd 8 0 
.. IT,4th S 88 

April 7.6tb 200 

.. 7,6th .. 
(

Thd "" .... mod, 
2!lO after. eopiouswatcr

ing with oold1lllw lit 
47"Fahr. 

CombrduI!I IIrgtIIl"'m (Combretaoo.) moVUI againat the sun. 
Kept in hothouao. 

l
EarIY in morning, when 

Jan. 21, Itt cirolo WM mado in 2 55 the ~mperaturo of tho 
bou.ao had &.!len. little. 

n 21, 2 :~!:oe:~ .~ ~} 2 20 

.. 2S,41hcireleWMmadein2%i 

eo...brd .... ptlrpwrftHJI revoh'e. not quite 80 quiclrd, aa C . . -
LoG.I!I.lIlU'UntoiJ(o~). BeYoluUooa '\"t\riabJe in their 

.. plaut .. Web moved apiDIt tho IJM. 

JIlIlO 20. 1M cirele ..... made in . • 287 
.. 20,2nd .213 
.. ~,8rd . -1 0 
.21,tth .23:) 
.. 22,5lh . 826 
• 23. 6th .35 
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(DICOTYLEDONS, t.OIItinw.) 
Another plant which followed tho IJlll1 in ita ftlmutiona. 

:: :::~ :: :: :: : :: ~:~ Very bot day . 

Jnlyll,lai einlio was made in . • • 1 511 

.. 1l,4th " " " ... 148 

.. 12,5tb .. .2 8G 

Scyph4nth"'tks'oru~)rollo""thoBun. 

Juno IS, Ut circle W&II made in • 1 46 
.. IS,2nd .. • 117 
.. U,Srd .. . 186 
.. U ,4tb " . 169 
.. 11,5th .. 2 8 

s,phomm. or Leamtta (unnamod lip.) (Ciuchulaccm) folloW!! 
thclun. 

)Iay 25, 8Cmicircic 1\"&11 mado in . ;~ ; j(shoot extremely 
1 young) 

" 26, lat. eirele . 10 15 (ahoot still young) 
" SO,2nd 80:; 

Juno 2,8rd 811 
6,4th .68 

" 8,5th • 7 al botbo~. and I
TakCD {rom the 

" !I,6th " • 8 S6 p1aoodwBrooUJ 
mUl,. hOI1llll. 

--J!I.IJldlia llicdor (CinehOWlOOlll), young plant, follow. tho mn. 

July 7, 161. circle was marlo in . 
_ 8,2nd " 
.. 9,8ni " 

G 18 
GOB 
'80 , 

LOfli<ltrll ~ypoda (Caprifoliaool:l) folio," illo 1nUI, kept in a 
trnrm room in tho bou.. 

April, lit circle 'IV made in. 9 10 (abont) 
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(DlCOTYL£OOXS, Ctmtin1Uld.) 

..tri&tol«hia giga. (AriatoloehillOOro) mo~ againat the lun. 

July2'J. lBt. eirclo Wall mado in . Ii ,i (l'Ilthcryouugahoot) 
.. 23,200 " 715 
.. 2,1, Srd " • 5 0 (about) 

In the foregoing Table, which includes twiniug 
plants belonging to widely different. orders, we see 
that the rote at which growth tnweb or circulates 
round the axis (on which the revolving movement 
depends), differs much. A1Ilong 08 a plant remains 
under the same conditions, the lllte i. oCten remarkably 
uniform, as with the Bop, M1'hmia, PJulIItlol"" &c. The 
&yphanth1U made OllO revolution in 1 hr. 17 m., and 
lbis is the quickest rote observed by me; but we shall 
hereafter see a tendril-bearing Passilloro. revolving 
more rapidly. A shoot of 010 Akebia quinala made a 
re¥oiution in 1 hr. 30 m., and three revoiutioWl at the 
8'1'"erage rate of 1 hr. 38 m. ; a CouI'oh'uiw made 11\0 
nn"Olutions at the al'crage of 1 hr. 42 m., and PhaMJOlu. 
"ulgam three at the tn-crago of 1 br. 57 In. On the 
other hand, 80me plants take 24. hrs. for a sillgle 
reNlution, 11.11(1 tbe AdlllUlota aometilncs reqlliroc 
48 hn.; yet tbia lAtter plant is aD efficient twiner, 
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Specie. of the 88Jlle genus move at difJ'erent rotes. 
The rata does not seem governed by tho thickness of 
the shoot.: tboee of the &/lya. are lUI thin and flexible 
1\8 string, but move more 810wly thaD the tbick and 
fleshy shoot.! of tho RIIICUI, which 800m Httlo fitted for 
movement of any kind. The 8hoo1& of the Willana, 
which become woody, mOl'e faster than those of the 
herbaceou8 lpotrl«4 or TJrunl¥t-gUL 

We know that the internodes, whilst still very 
young, do not acquire their proper rata of mOl'cment; 
hence the sal'cral shoots on the 19.11le plant may lOme
tUnes be acen revoh·jng at difJ'erent rates. The two or 
three, or e,'en more, internodcs which are fil'Bt forlOOd 
aboyo the cotylcdou. or above the root-lI1ock of a 
perenn.ial plant, do not mOl'e; they can support them
sc\YCS, and nothing superfluous is grauted, 

A grooter number of twinel'B ce"olvo in a course 
opposed to that of the sun, or to the hAnds of 8. watch, 
thaD in the reversed course, and, consequently, the 
majority, as is well knOll'll, asocnd their supportll from 
left to right. ()ccagionally, though rarely, plants of 
the 19.11le ord(:r twine in opposite dil'C<:tions, of which 
!I[ohl (p. 125) gin,s a C88e in the LeguminOSll', and Wt! 

wn'C in the table another in the Acanthacere. I have 
letn no instance of two species of the same genus 
twining in opposite dircctioll8, and snch C88C8 mUllt be 
rare; but :Fritz jl(iiller· states that although Mi'kant'a 

• Jouma.l cl th6 Linn. Soc. intfr.tlnr .-per, In which b. 
(BaL) «II.. b, II- SH, I,hall oont!et'OI' _8rlDlnriouldrot8-
hAft oaNaloo of\cu to qoot. thd menta medII by,. 
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1Ca~ twines, a8 I have described. from left to right, 
another species in South Brazil twines in an opposite 
direction. It would haye been 811 anomalous circum
stance if no such CIl8Cl! had occurred, (or different 
individuals of the same species, namely, of Solanum 
dulcamara (Dutroohet, tom. xix. p. 299),1'(1\'0Ivo and 
twine in two directions: thiB plant, hov .. cver, is a most 
feeb le twiner. LoaIa aurantiaca (Leon, p. 351) offers 
a much more curious case: I raised seventeen plants: 
of these eight revolved in opposition to the sun and 
ascended from left to right j five followed the 8un aud 
ascended from right to left j Rnd four revolved and 
twined first in oue dirootion. and then reversed their 
oourse,· the petioles of the opposite lea\'es affording t\ 

pot1U a:appui for the reversal of the spire. One of 
these four plants made seven spiral turns from right 
to left, and five turns from left to right. Another 
plant in the same family, the Scyphanthm ehganl, 
habitually twinca in this same manner. I raised 
many plaot.!l of it. and the stems of all took one 
tum, or occo.sionally t,,'o or even three turns in 
one direction, nud then, ascending for a short space 
straight, reversed their course and took one or two 
tUI'llll in an opposite direction. The reversal of 
the curvature occurred at auy point in the stem, 
even in the middle of an internode. Had J not 
seen tbis case, I shonld ha"e thought its ooourrence 

• I railed nine pb.llta or the 01 tJM. .1.., "'~ theIr -f"" 
bybrid ~ Htf'bmll, and .to: til ueomdillg a ... pport. 
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moat improbable. It would be hanily poaible with 
any plant which ascended above a few feet in height., 
or which lived in an exposed situation j for the stem 
could be pulled away easily from its support, with hut 
little unwinding; nor could it have adhered at all, 
had Dot the internodes 800n booome moderately rigid. 
With lcaf-climbers, as we shall 800n see, analogous 
CIlSe8 frequently occur; hut these preacnt no difficulty, 
D.!I tbe Item is secured by the chaping petioles. 

In the many other revolving and twining plants 
observed by me, I never but twice 8811' the movement 
reversed; once, and only for a short '1)aCe, in Ipomrea 
jlMNnda; but frequently with Hibberlia dental.a. This 
plant at fint perplexed me much, for I continually 
observed its long and flexible shoota. cl'idcntly well 
fitted for twining, make a whole, or hnle, or quarter 
circle in one direction nnd then in nn opposite 
direction: consequently, wben I placed the shoots 
near thin or thick sticks, or perpendicularly Btretched 
Btring, they seemed 8lI if constantly trying to ascend, 
bnt alwaYI failed. I then surrounded the plant with a 
IIlWIS of branched twigs; the Bhoots a&C(!nded, and. 
passed through them, but several cameont laterally, and 
their depending extremities seldom tunled npwards as 
i~ usulll with twiniug plants. Finally, I surrounded 
a second plant with many thin ullright sticks, and 
placed it ncar tho first ono with twigs; aud now 
both had got what they liked, {or they twined up 
the parallel sticka, aometimcs winding ronnd one and 
sometimes round 8e,'eral; and tho shoots traveUed 

02 

It> The Complete Work of Chari., DarWin On line 



88 CIIAP,I. 

laterally from one to the other pot; but as the 
plants grew older, some of the .hoots twined regu
larly up thin upright stich. Though the reyol\'ing 
mOl'ement W88 sometimes in one dirretion and some

times in the otber, the twining was invariably from 
left to right j. eo that the more potent or persistent 
mOl'elUent of re'"olution must ha.vo been in opposition 
to the course of the 8un. It would appear that tbis 
nilhrlia is adapted both to ascend by twining, and to 
mmble latemlly through the thick Australian scrub. 

I have described the above case in some detail, 
because, i\!I ftU' all I have seen, it is nU6 to find any 
special arlaptAtions with twining plauta. in which 
respect they differ much from the more rughly orgall~ 
izoo. tendril-bearers. 'fho Solanum dWMmara, 88 ~'e 

8hnll presently see, can twine ollly round sterna which 
are both thin aod flexible. Most h'ining plants are 
adapted to a.sccnd supports or moderate though or 
different thicknesses. Our English twiners, as far as 
I have seen, never twine round t rees, exC('pting the 
honeysuckle (LmtieeM pm"dymtftum), which I haye 
observed twining up 0. young beech-tree nearly 4; 
inches in diameter. 1t[ohl (p. 134) found tbat the 
Phas«Jl", muliiftorut and lpomrea pUrpilrtQ could not, 

• III .1IO&ber gea .... namel,. It!\;.DdI_ ..... hoot.b;.c,b 
o..'tIlb., belon(ing to lhe..me ~ .tne.buutdY. iMh" 
r.mlly with IIibbertia. Fritl In diameter, ""e .... iI. COli,.. ill 
hUller .,.. (Ibid. p. 3.9) Ihll\ the .. me IDallner .... freql>elltJ,. 
"Ihe ,1cDI t.i,.. h,differentl,. oeeun..-il.ht.o..a. .. 
from I~n to rilhl,or (rom right to 
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when placed in a. room 1\'ith the light entering on one 
aide, twine round sticka between 3 and 4 inches in 
diameter; (or tbiB interfered. in 9. manner presently 
w be explained, with the re"ohing mOl'ernent. In the 
open air, however. the Phtutolw twined round a 
support of the above thickness, but failed ill twining 
round 000 9 inches in diameter. N evertbcless, some 
twiners of tho warmcr temperate regions can manage 
this mtrer degree of thicknees; for I hear from 
Dr. Hooker that at Row the RuteW "nd~,,,,, hIlS 
ascended a column 9 inches in diameter; and although 
a Wiltaritl grown by me in a small pot tried in yain 
for weeks to get round a post between 5 and 6 inches 
in thicknea, yet at Kcw a plant ascended a trunk 
aoom 6 inches in diameter. The tropical twiners, on 
the other hand, can ascend thicker trees; I hear from 
Drs. Thomson and Hooker that this is the case with 
the BuUia parvi.Jlqro, one of the l\[cnispcrmaccm, and 
with &orne Dalbergill8 and other Leguminosre.- This 
power would be necessary for any llpecics which had 
to aaeend by twiniug the large treefl of a tropical forest; 
otherwise they would hardly ever be able to reach the 
light. In our tcmpcrateoountries it would be injurious 
to the twining plant.! which die down every year if 

· FriIllMllllcrltaloila(lbld.p. ~II!_ Ueaddlln his 
Sl9)thsth ... " 01'1 o'lCloocuion In let~r to me Ihat _t or the 
the r~ of Sollth Brazil a trunk dimbillg ptilllta which Ihfore 
Iblllt fi'Ol!l feet. In elrewntl'mltle ueerod thlelr: t-. are root
""rally -.led by a plant, c1imt.eo:.;.ame being tendrll-
appartnlly belooJIng to tbe Mell- beaten. 
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thev were enabled to twine round trunks of trees, for 
they oould not grow tall enough in a single seallOn to 
reach the summit and gain the light. 

By what IDeBJl9 certain twining planu are adapted to 
ascend only thin stems, whilst others eaR twine round 
thicker ones, I do not know. It appeared to me 
proboble thAt twining plants with \'ery long revolving 
shoots would be able to ascend thick supports; accord· 
ingly I placed Osropegia GardntWii near a post 6 
inches in diameter, but the shoots entirely failed to 
wind round it; their great length and power of move
ment merely aid them in finding a distant st(:m 
round which to twine. The Sphat:ro6lemma marmora
tum i! a vigorous tropical twiner; and aa it is a very 
slow revolver. I thought that this latter circumstance 
might help it in ucendinga thick support ; but though 
it .ras able to wind round a 6-incb post, it could do 
this only on the same level or plane, and did not 
form a spire and thus ascend, 

As ferns differ 80 much in structure from phanero
gamic plants, it may be worth while here t(l show that 
twining fc1'llll do not differ in their habits from other 
twining plants. In Lygodium arliculatum the two 
internodes of the stem (properly the rachis) which 
are first formed above the root.-stook do not mo,'ej 
the third from the ground revolves, but at first very 
slowly. This species is a slow revolver: but L. 
1ItICInden& made five revolutioll8, each at the average 
rate of 5hrs. 45 m. ; and this represents fairly well the 
usual rate. taking quick and slow movers, amongst 
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phanerogamic plants. The rate 1\"&8 accelerated by 
incrC68Cd temperature. At each stage or growth only 
the two upper internodes revolved. A line painted 
along the convex surfuce or a revolving internode 
becomes first lateml, then concave, then lateral and 
uJtimately again convex. Neither the illtemodcs lIor 

tho pctiolea are irritable when rubbed. Tho move!flcnt 
is in tho ullual direction, namely, in opposition to tbe 
OOUnMl of ths IIUD; and when the Item twinet! round a 
tbin stick, it becomes twisted on. its O\IfD ari.sin thasame 
direction. After the young internodes ba\'c twined 
round a stick, their continued growth caUJC8 them to 
slip a little upwards. If the stiok be soon removed, 
they straighten themselves,and recommence re\'olving. 
Tho extremities of the depending shooh turn upwllrds, 
and twine on themselves. III 0.11 theso res~ta we 
have complete identity with twining phanerogami~ 

Illimts ; and the above enumeration may serve as a 
lummary of the leading characteristic. of all twining 
plants. 

The power of revolving depends on the general 
health and vigour of the plant, as haa been laboriously 
sho,,'u by Palm, But the movement of each separate 
internodo is 80 independent of the others, that cutting 
oil' an llilper one does not affect the revolutions of a 
lower ouo, 'Vhen, howover, Dutroohet cut oil' two 
whole shoots of the Hop, aud placed them in water, the 
mo"emeut W&.8 greatly retarded; for one revolved in 
20 hra. and tho other in 23 hn., whereaa they ought 
to have revoh'ed in between 2 hra. nnd 2 bra. 30 m. 
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Shoots of the Kidney-beall, cut oft' f:I.lld placed in 
water, were similarly retarded, but in a 1883 degree. 
I have repeatedly obsem~d that carrying a plant from 
the greenhouse to my room, or from one part to 
uuother of the greenhouse, alwllYs stopped the mOl'e

ment for 11 time; hence I conclude that pLmts in u. 
state of nature and growing in exposed situations, 
would not make their revolutions during very stormy 
weather. A decrease in tel:lpexature always caused Il 

considerable retardation in the mte of revolution; but 
Dutrochet (tom. xvii. pp. 994, 996) has gil-cn such 
precise obscnatious on this head with respect to the 
common pea that I need say nothing more. When 
twining plants are placed near a window in a room, 
the light in some cases ,has a remarkable power 
(1lS was likewise observed by Dlltrochet, p. 998, with 

the pea) on the revolving mOl-ement, but this differs 
in degree with dift'erent plants; thus lpomaJa jucunda 
made 0. complete circle in 5 hra. 30 m. j the semi· 
circle from the light taking 4 hra. 30 m., and that 
towards the light only. 1 hr. Lon~ brachypoda 
revolved, in a revcrsed directiou to the lpomaM, in 
8 hra. j the semicircle from the light taking 5 hra. 23 m., 
and that to the light only 2 hra. 37 Ill. From the 
rnte of revolution in all the plants observed by mo, 
being nearly the same during the night and the 
day, I infer that the action of the light is confined to 
retarding oue semicircle and accelerating the other, 
80 88 not to modify greatly the rate of the whole 
revolution. This action of the light is remarkable, 
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when we reflect how little the lea\-ea are de\'eloped on 
the young and thin tel'olving internodes. h is all 
tho more remarkable, as botanists believe (Mob I, 
p. 119) that twining plants are but little sen.sitil·e 
to tho action of light. 

I will couclude my account of twining planu by 
gi\'ing a few miscellanoous and curioUB Ca&e8. With 
most twining plants all tho braDchct, howe\'er many 
there may be, go on re,'olving together; but, ftC. 

cording to Mohl (p. 4), only tho lateral branches of 
Tam"" tl~phaJlt;JHl' twine, and Dot the main stem. 
On the (Ither hand, with a climbing species of ABpa. 
ragUB, tho leading shoot a1(1ne, and not the branches, 
rev(lived and twined; hut it should be stated that the 
plant 1"88 not growing vigorously. l\Jy plants of 
CQlllbr6tum argent4Um and C. purpurtrnm made nume
rous short healthy shoots; but tlley showed no signs 
of revolving, and I could not conceive how these 
plants could be climbers; but at la8t O. argenl~"1 put 
forth from the lower part of one of its main branehes 
a thin shoot, 5 or 6 feet in length, differing greatly 
in appearance from the previoUB shoou. owing w its 
leaves being little developed, and tWa ahoot re

volved vigorously and twined. So that this plant 
produces shoots of two kinds. With Periplooa Gr.rea 
(palm, p. 43) the uppermOl'lt shoots alone twine. 
Polygonum torIvolmd'IU twinea only during the middle 
of the summer (palm, p. 43, 94); and plants growing 
vigorously in the autumn ahow no inclination to 
climb. The majority of AsclepiadaceaJ are twiners; 
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but Asclepiat nigra only" in Ccrlilien 8()lo incilJit 
acandcro lubvolubili cnule" (Willdenow, quoted aud 
confirmed by Palm, p. 41). ~ cincdo.ricum does 
Dot regularly twine, but occasionally does 80 (palm, 
p. 42 j Mohl. p. 112) when growing under certain 
conditions. So it is with two species of Ceroptgia, lUI I 
hear from Prof. Hc.n"ey, for theso plants in their 
native dry South MriCfLIl homo gencnilly grow erect, 
from 6 inches to 2 foot in height.-a very few taller 
specimens sho"ing some inclination to clIrve j but 
when euIth-aled near DubUn. they regularly twined 
up sticks 5 or 6 foot in height. Most Convolvulacere 
are excellent twiners; but in South Africa lpomtM 
argyrll!.Oida ftlm08t always groWl! erect and compact} 
from about 12 to 18 inches in height., one specimen 
alone ill Prof. Harvey's collection wowing an evident 
disposition to twine. On the other hand, seedlings 
raised near Dublin twined up sticks above 8 foot in 
height. These facts o.ro remfll'kable; for there CRn 
hardly be a. doubt that in the dryer provinces of 
South Africa these plants have propagated themselves 
for thousands of generations in an CJ'eCt condition; 
and yet they have retained during this whole period 
the innate power of spontaneously revolving and 
twining, whenevcr their shoots become elongated 
under proper conditions of life. Most of the species 
of Phauolw are twiners; but certain vfll'ieties of the 
P. muliiflorm produce (LOOn, p. 681) two kinds of 
shoots, some upright and thick, and others thin and 
twining. I have seen striking instances of this eurious 
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C8!e of variability in "Fulmer', dwarf forcing-bean," 
whieh OCC&.8ionaUy produced a lingle long twi.ning 
shoot. 

Solamlltl d~loomaTa is one of the feeblest and 
poorost of twiners: it may often be 8(!{!n growing as 
an uIJright bush, and when growing in the midst of 
a thicket merely 8CltUllbles up between the branches 
without twining; but when, aooording to Dutrochet 
(tom. xix. p. 299), it grolll"8 near a thin and flexible 
support, such as the stem of a nettle, it tl'l'ine8 round 
it. I placed sticks round 8e.eral plants, and vertically 
stretehed strings close to others, and the strings alone 
were a8CCnded by twining. l'he stem twines in
differently to tho right or left. Some others pecies 
of Solanum, and of another gC!nUB, viz. Ilabrothamnm, 
belonging to tho &lme family, are described in horti
cultural works 9.11 twining plants, but they &eem to 
possess this faculty in a ,'ery feeble degree. We may 
suspect that the species of these two genera ha\'e as 
yet only partially acquired the habit of twining. On 
the other hand with T«Oma -rodi«uu, a member of a 
family abounding with twiners aud tendril-bearers, bnt 
which climbs, like the ivy, by the aiel of rootlets, we 
may 8Ul!pect that a former habit of twining h9.11 beeu 
lost, for the stem exhibited 8light irregular movements 
which could hardly be accounted for by changes in the 
action of the light. There is no difficulty in under
standing how a spirally twining plaut could graduate 
into a simplo root-climber; for the young internodes 
of Bigrumia TUWJdyana and of Ht:I!Ia CClt'nOICS re\'ol\'o 
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aud tv.ille, but likowise emit rootlets which adhere to 
any fitting surface. so that the loss of twining would 
be no great disadvantage and in some respects an 
advantage to these species, as they would then ascend 
their supports in Il. more direct line.· 

• ).'ritz llu!1er hall pllblilhed climbing plaQl1 in' Dot. Zeilung,' 
""me inter('ltingfr.d.l and "ie"", 1806, I'P- ~j,6.5" 
on the UruelUl"C Gtilie wood of 
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CHAPTER II. 
Lau.r.()LIK:"u. 

I'laoll.hleb climb by the lid oilpoDtaneoully rnolrillll: and IIen.ili ... 
petlol.-crze-.t", -TmpMOl •• -Na_IOd'jf, fto,rer·pedooeh." 
morillf IpOOtaneo\lIlJI' &ad _iU .... 10 .. tou.eh-llMdodoito.
~ •• _iD.ternodEa I(!n&iti .. -&l/JII"" th\o,.ell!og of 
the c1..-ptd petioI_F_riG.-AdJ_io-Plaut. wWeb climb by 
thoald of tbeit produced midrlt._G~_~ia._ 
"·~umm&r10111eat-dlmber.. 

WE nollt' como to our second class of climbing plants, 
namely, those which a.sceud by the aid of irritable or 
sensitive organs. For convcllienco' sako the plants 
in this class have boon grouped under two 8ulrdivisiollS, 
namely, loaf-climbers, or tb080 wbich retain their 
ICAl'cs in a functioDal condition, and tendril-bearers. 
But these sub-divisions graduate into each other, as 
we shall 800 under Corydalis and tho Glori08ll1ily. 

It has long been observed that 8C\'eral plants climb 
by the aid of their iea'fes, either by their petioles (foot
stalks) or by their produced midribs; but beyond this 
aim pie fact they have not boon described. Palm and 
:MoM elnsa these plants with tJlOS6 whieh bear tendrils j 
but 8.11 a. leaf is generally a. defined objoot., the present 
classification, though artificial. haa at leaat some advan
tagCII. Leaf-climbers are, moroover, intermediate in 
many respects between twiners and tendril-bearers. 
Eight species of (Ju1IIati. o.nd seven of Tropeolum were 
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observed, in order to see what amount of difference 
in the manner of climbing existed .... ithin the same 
genus; and the differences are oonsidernble. 

CLEMATIS.-O. 9'land~.-'fhe thin upper inter
nodes revolve, moving against the course of the SUD. 

precisely like those of 0. true tWlDcr, at an average 
rate, judging from three revolutions, of B bra. 48 m. 
The leading shoot immediately twined round a stick 
placed near it; but, after making an open spire of 
only ono turn and IL hulf, it ascended for a short space 
straight, snd then reversed its course and wound t wo 
turns in an opposite direction. This was rendered 
possible by the straight piooe between the opposed 
spires having become rigid. The simple, brood, m'nte 
leaves of this tropical species, with their short thick 
petioles, seem but ill-fitted for sny movement; and 
whilst twining up a vertical stick, no use is made of 
them. N c\'erthele88, if the footstalk of a young leal' 
be rubbed with a thin twig a few times on any side, 
it will in the course of a few hours bend to that side; 
afterwards becoming straight again. The under side 
&eamed to be the most sensitive; but the sensitiveness 
or irritability is slight compared to that which we 
shall meet with in some of the following species; thus, 
a loop of string, weighing 1'64 grain (106·2 mg.) 
and hanging for some days on Il. young footstalk, 
produeed a scarcely perceptible effect. A sketch is 
here given o( two young leaves which had naturolly 
caught hold of two thin branches. A forked twig placed 
so as to press lightly on the under side of a young 
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fooutAlk cauaod it. in 12 hrs., to bend greatly, and 
ultimately to Bueb an extent that the leaf passed to 

the oppoeit.e aide of the stem; the forked stick having 
been removed, t he leaf slowly !'eCO\'erod its former 
position. 

The young lea\'cs spontaneously and graduaUychange 
their poIIi tion: when first developed the petioles are 
upturned and parallel to the stem; they then slowly 
bend downwards, remaining for a short time at right 

~ ..... ---WI"" __ "'_~''''''''.I\II''''<\IoopIIIf;'''''''~. 

angles to the stem, and then become 80 much arched 
downwards that the blade of the leaf points to the 
ground with ita tip curled inlll"ards, 80 that the whole 
petiole and leaf together form a hook. They are thus 
enabled to catch hold of any twig with which they 
may be brought into contact by the revolving move
mellt of the internodes. If this does not hal'pen, they 
retain their booked shape for a considerable time, and 
then bending upwamll reassume their original upturned 
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lXl8ition, which is preserved eyer afterwards. The 
petioles which have clasped any object soon become 
much thickened and strengthened, as may be !!Cen 
in the drawing. 

(,."lematiB lIumtana.-The long, thin petioles of the 
leaves, whilst young, are sensitive, and when lightly 
rubbed bend to the rubbed side, subsequently becom
ing straight. They are flLr more 8ellBith'c than the 
petioles of C. glandulOJJa; for Ii loop of thread weighing 
Ii quarter of Ii grain (16'2 mg.) caused them to bend; 
II. loop weighing only one-eighth of Ii grain (8'1 mg.) 
sometimes acted Imd sometimes did not act. The 
sensitiveness extends from the blade of the leaf to 
the stem. I may here state that I ascertained in 
all cases the weights of the string and th1'Clld used 
by carefully weighing 50 inches in a chemical balance, 
and then cutting off measured lengths. The main 
petiole carries three leaflets; but their ahort, sub
petioles are not sensitive. A young, incline<l shoot 
(the plaut being in the greenhouse) made a large 
circle opposed to the course of the sun in <1 hra. 20 m., 
but tho next day, being Yery cold, the time was 
5 hra.lO m. A stick placed near a reyoiving stem was 
soon struck by the petioles which stand out nt right 
angles, and the revoh·jng mm"emeut was thus arrested. 
The petioles then began, being excited by the contact, 
to slowly wind round the stick. When the stick wns 
thin, a petiole sometimes wound twice round it. 
The opposite laaf was in no way affected. Tho atti· 
tude assumed by the stem after the petiole hoo 
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clasped tho stick, was that. ef a man standing by a 
oolnmn, whe throll'll his ann herilOntaliy round it. 
With reepeet to tho stem's power ef twiniog, 80m£' 
remarks will be mado under O. calyeirta. 

Olematil Si~di.-A. shoot made thrro Te"oll1tiens 
against tho SUII at au averago rate ef 3 III's. 11 m. The 
power of twining is like that ef the lnst species. Its 
leftYC8 are nearly similar in structure And in fUllction, 
excepting that tho sub-petiolf'S of tJIO lateral Gud 
tenninaJ leaflets are 8etlsitive. A loop ef thread, 
,,"eighing ene-eighth of a grain, acted en tho main 
petiole, but not until two or three days had e1apee<l. 
'rho leaves h8"0 the remarkablo habit ef spon
tanoously revolving, generally in Yertical ellip&es. in 
tho Iflmo mannf'r, but in B leu degree, as \\ill be 
described undf'r O. microphyUa. 

Cl~1MU, oo:lyet'M.-Tbo young aboota are thin and 
fl exiblo : coo f'Cvolved, describing a broad 0"81, io 
I) hft. 30 m., and another in 6 hre. ]2 nl. Thoy followed 
tho oourae of tho sun; but tho OOUl"8(!, if obaen'ed long 
eoough, "'ould probably be found to \"8ry in lhisslM!Cie8, 
as well as io all the others ef tho genuA. It is a rather 
better twiner than the two last species: the stem !lOme
times made two spiral tW'IlJ! round a thin stick, if free 
from ''''igs; it then ran straight up for a space, and 
rov('reing ita course took ono or tll"O turns ill lUi 

opp08ite di rection. Thi8 l'6\'ersal of tuo spiro OtlCurred 
in all tho foregoing species. The lcavae are 80 small 
compared ... ith tboee of mOlt of the other species, thflt 
the pctiolce nt fi1"8t seem ilI-0dRptro for clasping . 
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Xeverthcloss, the main scr'.ico of the re,'oh'iug move
ment is to bring them into contact with surrounding 
objects, which IU'6 slowly but securely seized. The 
youug petioles, which oJone are sensitive, have their 
ends oowod a littlo downwards, so us to be ill a slight 
degree hooked; ultimately the whole leaf, if it catches 
nothing, becomes 10m!. I gently rubbed with a thin 
twig the lower surfaces of two young petioles j and in 
2 hrs. 30 m. they were Rlightly cun'ed downwards; in 
5 hMl" after ooing rubbed, the end of one was bellt 
completely back, parallel to tho basal portion j in 4 hl'S. 
subsequently it became nearly straight again. To 
show how scllllitive tho young petioles are, I may 
mention that I jU8t touched tho Wider s.id(!fj of two 

lI'itb II. little wllter-colollr, which when dry formed 
an exccssi,-ciy thin and mimlto crust; but this 
sufficed in 24. hrs. to cause both to bend downwards. 
WhiM tho plant is young, each leaf consists of three 
di"ided INdicts, wbich barely havo distinct petioles, 
aud thcso are not IICnsitiyo ; but when tho lliant is 
well grown, tho petioles of tho two Isteml and terminal 
leaflets aro of considerable length, and become sensi
tive 80 as to be capable of clasping an object in any 
diroctioD. 

When II. petiolo has clasped a twig, it undergOOll 
some remarkablo changes, which may be observed 
with tho other species, but in a less strongly mf:l1'ked 
manner, and will here be described once for all. The 
clasped petiole in the COllrse of two or three days 
I\\'ells greatly, and ultimately becomes nearly twioo as 
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thick a8 the opposite ono which hlUJ clasped nothing. 
Wben thin In\ns'"erse slices of the two are placed 
nnder the microecope their differenoo is couspicuous: 
the side of the petiole which hili! been in contact. with 
the support, isformcd of B layer of colourless cells with 
their longer axes directed from tbe centre, and tbese 
fire very milch larger than the corresponding cell! 
in the opposite or unchanged petiole; tbe central 
celis, also, are in /lOme degree enlarged. and the wbole 
is much indurated. The exterior Surf300 generally 
becomes bright. red. But a (ar greater cbange takes 
place ill the nature of the tissucs than that which ill 
,-iaible: tbo petiole of the unelasped leaf is fiexibl~' 
and can be snapped easily, whereas the clasped OllO 

acquUcs an extmordiulU'Y degree of toughness anti 
rigidity, 10 that collsiderable forco is required to pull 
it into pieces. With this change, great durability is 
probably acquired; at least this is tho cn80 with the 
clasped petioles or 0lernatU 'f1italha, The meaning of 
these ehanges is obvioWl, namely~ that tho petioles may 
finuly aud dumbly support the stem. 

(;kroot;" microphylla, Val, kptcphyUa.-The long 
and thin internodes of this Australian species revol \'e 
80metimes in one direction and 80metimes in an o~ 
posite one, describing long, narrow, irreguln.r ellipses 
or large circlOll, Four revolutiol\l were completed 
within five minutes (If the same average rate or 
1 hr. 51 m.; 10 that this species mOl'eII m(lre quickly 
than the (l then or the genus. The ShOOUl, when placed 
ncar a vertical Btick, either twine round it., or clasp it 
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with tha basal portions of their petio!CfI. The lean'!:!! 

"hilst young afO nearly of the some shape as those 
of O. t1itice1la, and act in the B4IIle nuumer like a hook, 
B!I will be described under tho.t spooies. But the leafleta 
fifO more divided, and en.ch segment whilst young 
tenninatca in a hardish point, \\bieh is much cun-ed 
dO\\llwards aud inwards; ItO that the whole leaf readily 
catehC8 hold of lUll' neigbbouringobject. The petiolI!!! 
of tho young terminal leaflets are acted on by loope 
of tbrcOO. weighing lth &.nd eVOD nth of a grain. 
Tile 00sal portion of the main petiole is much 
less scnsitil'c, hut will clasp 0. stick against which it 
p ....... 

Thelcaves, whilst young, arc continuaUy and sponta. 
neou8ly moving slowly. A bell-glass was pla.ced over 
a shoot secured to a ruck, and tho movcmenta of the 
leavcs were traced on it during 8Cveral days. A very 
irregular line WI\8 genemUy formed; but one day, in 
tho courso of eight hours Ilnd thrro qUll.rt~rs, tll(' 

figure clearly represented three and a half irregular 
~llipses, the rnO@t perfeoct ono of which WIUI completed 
in 2hrs. 35m. Tbo two opposite leaves mov~d 

independently or eacb other. This mo\·ement of tbe 
leaves would aid that of the internodes in bringing 
the petioles into contact. with surronnding objt!Cu.. 
I discoyercd. tbis movement. too lato to be enabled to 
obac.M"e it in tho other llpecies j hut from analogy 1 
can hardly doubt that the leayes of at least O. t:ili~lla. 
O. flammula, and C. tlitalba move IlpontanooUll.ly; and, 
judging from C. Siiboldi, this probably is the case with 
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O. rnolJiana and O. oalyci1la. I asoortainud that the 
simple loo.vea or O. !/Wnd1Uou exhibitocl no sponta. 
neous revolving movement. 

Olematu vitictlla, vat. tlenoaa.-ln this and the two 
following species tho power of spirally twining is 
completely lest, Bnd this sooms duo to tho le88(!noo 
flexibility of tho internodes and to the interferenco 
caused by tho large sizo of the leaves. But tho re
volving movement, though restricted, is not lest. In 
our present species a young internode, placed in Cront 
of a window, made three narrow ellipses, tralUll'ersely 
to the direction or the light, at an average rote of 
2 hrs. 40 m. When placed 80 that the movements were 
to and from the light, the mw waa greatly accelurated 
in ouo half of tho oourse, and retarded in tho other, as 
lI'ith twining plauts. The ellipSC!s werG small; tho 
longer diameter, deecribed by tho apex of a shoot 
bearing a pair of not expanded leaves, waa only 4~ 
inehes, and that by the apex or tho penultimaw inter
nedo only 11 inch. At tho mest favourablo period or 
growth each lear would hardly be carried to 8ml fro 
by the movement or the internodes more than two or 
throe inches, but, as above stated, it is probable that 
tho leaves themselves movo spontanoously. The move
ment of tho whole Bboot by the wind and by ita mpid 
growth, would probably be almost equally efficient as 
these spontaneous movementa, in bringing tho petioles 
into oontact with surrounding objects. 

Tho leaves are or largo size. Each boors three pairs 
of lateral leafleta and a terminal one, all supported on 
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rather long sub-petioles. The main petiole bends a 
little angularly downwards at each point where a pair 
of leaflets arises (I!OO fig. 2), and the l>ctiolo of the 
tenninal leaflet is bent downwards at right angles; 
hence tho whole petiole, with its rectangularly bent 
extremity, acts as a hook. This hook, tho lateral 
petioles being directed a little upwards, forms an 
fJxcellent grappling apparatus, by ,,·hich tho leaVe&! 

readily bcoomo entangled with surrounding objects. 
[f they catch nothing, tho whole petiolo ultimately 
grows straight. The main petiolo, the sub-petioles, 
and the three bronches into which each basi-lateral 
sub-l>ctiole is gcucro.lly 8ubdivilled, are aU sensitive. 
The basal portion of tho main petiole, between the 
stem and the first pair oC leaflets, is leu sensitive 
than the remainder; it will, however, clasp IL stick 

~ The Complete Work of Charle5 Darwin Online 



CI!.u. U. 

with which it ill len in contact. The inferior ludace 
of the roctangularly bent terminal portion (carrying 
the terminal leaflet), which fonnll the inner side of the 
end of the hook, is the m08t sensitive part; and this 
portion is manifestly best adapted to CAtch a distant 
support. To Bhow the difference in IICDsibility, 1 
geutly placed loops of Btring of the 8iUlle weight (in 
one ill1Jtance weighing onlY '82 of a groin or 53'14 mg.) 
on the BOverallateral sub-petiol~ and 0 11 the tenninal 
one; in II. few hoUJ1l the latter 111'88 bent, but after 
24 hrs. no effect was produced on theothcr lub-petioles. 
Again, a tenniWll lub-petiole pln.ood in contact with a 
thiu Btick became lIClUIibly curved in 45 m., and in 
1 hr. 10 m. mo\'ed through ninety degrees j whilst 
a Internl lub-petiole did not become ICDsibly curved 
until H hi'll. 30m. had elapsed. 1n all CflJles, if the 
lticks are taken almy, the petioles continue to mO"e 
during many hours afterwards j fH) they do after a 
slight rubbing j but they become straight again, after 
aoout a day's iuten'al, that is if the flexure has not 
been "cry great or long continued. 

The graduated difference in the extension of the 
sensitil"cness in the petioles of the aoo"e-de8Cribed 
specict deserves notice. In O.1OOnl(l1'&4 it is confined 
to the main petiole, and has not sllread to the BUb
petioles of the throe Joaftetsj 80 it is with youug lliants 
of O. ea1y.:ina, but in older plants it Spread8 to tlle 
three sub-petioles. In O. citicell4 the BCDBitiveness has 
spread to the petiolea of the 8e\ ' CU lealleta, and to the 
sulxJjvilions of the hMi·Jatera.J. BUb-petioles. But in 
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this latter species it has diminished in the basal port 
of the main petiole, in which alO1lo it resided in C. 
monlana; whilst it has increased in the abruptly bent 
terminal portion. 

(Jkmal;, jlamnlllla.-The rather thick, straight, Ilnd 
stiff shoots, whilst growing vigorously in the spring, 
make small 0\'0.1 tel'olutions, following the sun in their 
course. Four were made at an average rote of 3 hrs. 
45 m. The longer axis of tho oval, described by tho 
extreme tip, \I'M directed at right angles to the Iina 
joining the opposite lea,'cs; its length was in ono case 
only I I. and in auother case I i inch; 80 that the 
young lea"e8 wero moved a \-cry sbort distance. The 
shoots of tho same plant obser .... ed in midsummer, 
when growing not 80 quickly, did not rel'olve at all. 
I cut down another plant in tllo carly summer, 80 tllilt 
by August 18t it bad formed now Ilnd moderately 
vigoroll8 shoots ; thcso, when obaerved under a bell. 
glass, were on some days quite stationary, and on 
other days moved to 81ld fro only about the eighth or 
an inch. Consequently tho revolving power is much 
enfeebled in this species, and under unfilxournble cir· 
cumstanccs is complotdy lost. ~'heshootmustdepend 

for coming illto coutact with surrouuding objects on the 
probable, though not ascertaiued spontaneous mo,·o· 
ment of tho lCfLvee, on rapid growth, and on movement 
from the wiud. Hence, perhaps, it is that the petioles 
have acquired a high degree or scu9itiveness as a com· 
pensation for tho little power of mo,'cment in the shoots. 

The lJCtioles nro bowed nowuw(lr(is, nnd have the 
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sawo general hook-like form aa in O. tliti«Ji4.. The 
medial petiolo and tho lateral sub-petiolcsare sensitive, 
tlfIpocially the wuch bent tenninnl portion. As the 
sengiti\"ene&s is here greator than in any other species 
of the genus observed by me, and is in itself remark
able, I will give fuller detnils. 'rho petioles, when so 
young that they have not separated fro)n one another, 
are not sensitivo; when the lamina of a leaflet haa 
grown to a quarter of an inch in length (thut is, about 
one-tixth of its ful1size), the aensitivenOlJll is highest: 
but at this period the petioles are relatively much 
more fully uO\'cloped than are the blades of tho lea.es. 
Full-grown petioles are not in tho least 8Cnsitive. A 
thin stick placed so as to press lightly against a 
petiole, having a leaflet a quarter of an inch in length, 

caused tho petiole to bend in 3 hI'S. 15 m. In another 
case a petiolo curled completely rouud /I, stick in 
12 hrs. These petioles were left curled for 24. hI'S., and 
tbe sticks were then removed; but they Dever 
straightened them.sches. I took a twig, thinner than 
the petiolo ilBclf, and with it lightly rubbed several 
petiolcs four times up and down; these in 1 hr. 45 m. 
became slightly curled; the curvature incrcllSCd during 
some hours and then began to docroase, but after 25 hrs. 
from. tho time of rubbing a "cstigo of tho curvature re
mained. Somo other petioles similarly rubbed twice, that 
is, onoo up aDd onco down, beca.mo perooptihly.cun·oo 
in about 2 hn. 30m., the terminal sub-petiole moving 
more than the lateral sub-petioles; they all became 
straight again in between 121m. and 14hn. Lastly, a 
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length of about onEHlightb of an inch of a sub-petiole, 
was lightly rubbed with the sarno twig only once; it 
became slightly eun'cd in 3 Ins., remaining 80 during 
11 hrs., but by the next morning was quite straight. 

The following observations are mom precise. After 
trying heavier llieces of string Ilnd thread, I placed a 
loop of fine string, weighing 1'04 gr. (67'4 mg.) on a 
terminal sub-petiole: in 6 hrs. 40 m. a cun·ll.turc could 
be seen; in 24ln"S. the petiole formed an open ring round 
the suing; in 48 hrs. the ring had aOOO8t closed on the 
string, and in 72 hrs. seized it 80 firmly, that some 
force was nocessary for its withdrawal. A loop weighing 
'52 of a grain (33'7 mg.) caused in 14 hrs. a lateral sub
petiole just pefC(lptibly to cune, and in 24 hrs. it 
moved through ninety degreea. These observatioll8 were 
made dllring the Bummer: the following were made 
in the spring, when the petioles apllllrently are morc 
Jl(!llJ!itive:-A loop of thread, weighing onEHlighth of a 
grain (8-1 mg.), produced no effect on the lateralsub
petioles, but placed on a. terminal one, caused it, after 
24. hrs., to curve moderately j the curvature, though the 
loop remn.ined suspended, was after 48 hl'S. diminished, 
but never disappeared; showing that the petiole had 
become pnrtiallyaccnstomed to the insufficient stimulus. 
This experiment was twice repeated with nearly the 
same result. Lastly, a loop of thread, weighing only 
one-sixteenth of a grain (4·05 mg.) was twice gently 
placed by a forceps on a wrminal sub-petiole (the 
plant being, of course, in a still and closed room), and 
this woight certainly caused a flexure, which very 
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slowly inc.reased until the petiole moved through nearly 
ninety degrees: beyond this it did not move; nor did 
the petiole. the loop remaining 8Ul1pended, ever become 
perfectly straight again. 

When we consider, on the one hand, the thickness 
and stiil'ness of the petioles, and, on the otber band, 
tbe thinness and 8OflllC88 of fine ootton thread, and 
what an extremely small weight ono-sixtecnth of 0. 

groin (4:05 mg.) is, th086 facts Ilre remarkable. Bnt 
I have reason to bclic\'o that e,'en a less weight excites 
eun'ature when pressing over a brooder surface than 
that acted on by a thread. Having noticed that 
the end of a suspended string which accidentally 
touched a petiole, caused it to bend, I took two 
piCOOl of thin twine, 10 inches in length (weigbing 
1'64 gr.), and, tying tllem to a stick, let them hang as 
nearly perpendicularly downwards 88 their thinness 
and flexuoWl fonn, after being stretched, would per
mit; I then quietly placed their cnds 80 as just 
to rest on two petioles, and these certainly became 
curved in 36 liI''8. One of the ends touched the angle 
between a tenuinal nud lateral sub-petiole, nnd it was 
ill 48 hours en.ught between them as by a forceps. III 
these cases the pre88ure, though spread over a wider 
surface than that touched by the cotton thread, mUllt 
hal'e been excessh'ely slight. 

Olenulliu;ta/ha.-The plants were in pots and not 
healthy, 80 that I dare not trust my observations, which 
indicate mnch similarity ill habits with O.jlammula. I 
mention this species only because I hayo 8(!(!n many 
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proofs that the petioles in a state of nature are excited 
to movement by very slight llreiSuro. For instance, 
I have found them embracing thin withered blades 
of gross, the soft young leaves of a maple, and the 
flower-peduncles of the quaking-gross or Briza. Thfl 
latter are about lIS thick 08 the hair of II. mau's 
beard, but they were completely Burroundoo and clasped. 
The petioles of 0. leaf, 80 youug that nOlle of the leaflets 
were expanded, had partially seized a twig. 'those or 
almost all tho old le/wes, even when ullllttached to Rny 
object, arc much convoluted j but this is owing to theil' 
baving come, whilst young. into contact during sc\-era.l 
hours with some objoct subsequently remo\·ed. With 
nono of the above-describcd species, cultivated in pots 
and carefully observed, W88 thero any permanent 
bending of the petioles without the stimulus of contact. 
In winter. tho blades of the leoxes of C. ,:italba drop 
off; but tho petioles (as was observed by Mobl) 
remain attached to the bronches, sometimes during 
two seasons; and, being coll\'oluted, they curiously 
resemblo truo tendrils. such as those possessed by 
the aUjed genus Narat'elia. Tho petioles which havo 
clasped some object become much more stiff, hard, and 
polished than those which htwe failed in this their 
proper function. 

TnOP.t:{)LUll.-1 obser,ed T. triroiorom, T. azureum, 
T. pentaphyllum, T. peregrinum, T. eWgall$, T. tUOOrOlUm, 
and a dwarf variety of, as I believe, T. minw. 

Trop!l1Olum lricolorum, yar. ,9I'andijfornm.-Tho 
fl exible shoots, which first rise from the tubers. are 
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sa thin as fioe twine. One such shoot revolved in a 
course opposed to the sun, at an average rate, judging 
from thrro re\'olutions, of 1 hr. 23 m.; but no doubt 
tho direetion of the re\'olving mo\'cment is variable. 
Whell the plants ha\'o groul1 tall and Ilre bnmehed, 
all tho many lateml shoots revolvc. 'r ho stem, whilst 
young, t\\'incs rcgu1!l.rly roUlld 8 thin ycrtical stick, 
and in ono case I OOWlted eight spiml turns ill the 
same direction; but when grown older, the stem often 
rum straight up for a space, and, being arr1!lltoo by 
the clasping petioles, makes one or two spires ill a 
re\'erscd direction. Until the plaut groll';!! to a height. 
of two or tbrco feet, requiring about a month from tho 
time when the first shoot appears abo\'o ground. no 
true le8\'cs are Ilroduced, but, ill their place, fi laments 
coloured like tho stem. The extremities of these 
filnmenta are pointed, a littlo flattened, and furrowed 
on the upper surface. They nover become dow'loped 
into loo\'cs. As the plant grows in height ncw fila
ments are produced with slightly cnlarged tiJle. thell 
others, bearing on each side of the enlarged medial tip 
n rudimcntary segment of a leaf; BOOn other segments 
appear, and at last. 0. perfect leaf is formed. with seven 
deep segmenta. So that on the same plant we lIlay sec 
Cl'crystep, from tendril-like clasping filaments to perfect 
leal'es with clnsping petioles. After the plant lint! grown 
to a considerable height, and is scenred to ita support 
by the petiolcs of the true leo.yes, the clasping fi la
menta on the lower part of the stem wither and drop 
off; HO that the,. perform only a temporary service. 
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These filaments or rudimentary leaves, lUI well as 
the petioles of the perfect leaves, whilst young. are 
highly sensitive on all aides to a touch. The slightest 
rub CllUSed them to curve towards the rubbed side in 
nbout three minutes, and oue bent itself into a ring 
ill six minutes; they subsequently became straight. 
When. however, they IlB\'o once completely clasped a 
stick, if tills is removed, they do not straighten them
selnlS. The Dlost remarkable fact, and one which I have 
observed in no other species of the genus, is that the 
filaments and tho pctiolf!S of the young leaves, if they 
catch no object, after standing for some days in their 
original position, apontanoollilly and slowly oscillate a 
little from flide to side. and then move towards the 
stem and clasp it. They likewise often become, after 
a time, in BOrne degree spirally contracted. They 
therefore fully deserve to be called tendrils, lUI they 
are uaed for climbing, are scnsitiye to a touch, mO\'e 
BJ>onumoously, and ultimately contract into Ii spire, 
though an imperfect one. ~'he present species would 
have beeu classed amongst the tendril-bearers, had not 
these charMters been confined to early youth. During 
maturity it is a true loof-climber. 

j'ropolum azureum.-An upper internode wooe four 
r6"olutions, following the Bun, at an average rate of 
1 hr. 47 m. The stem twinod spirally round (l, 

support in the same irregular manner as that of the 
last species. Rudimentary leaves or fiJrunents do not 
exist. The petioles of the young leaves are very 
sensiti,-e: a single light rub with a twig cs.used one 
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to move perceptibly in 5 m., and another in (l m. 
The former became bent at right angles ill 15 min., and 
became si.rnight again in hetwoon 5 hn. and (I brs. A 
loop of throod weighing llh of a grain caused another 
petiole to curve. 

Tropa?olU1n penlophyllum.- This species has not the 
power of spirally twining, which &eeIlllI due, notso much 
to a want of 8exibility in the stem, as to continual 
intenerenoe from the c1aaping petioles. An upper inter
node made three revolutions, following the SUD, at an 
Il,·crago rotc of 1 br. 4.6 m. The main purpoee of 
the revoh;ng movement in all the species of T~ 
1uooiu1II manifestly is to bring the petioles into contact 
with some supporting object. The petiole of a young 
leaf, after a slight rub, becamecun-ed in (l Ul.j another, 
on a cold day, in 20 m., and others in from 8 In. 

to 10 m. Their cun-alure UlIually increased greatly in 
from 15 m. to 20 m., and tbey became straight again in 
between 5 Ill'S. and (I hrs., but on one OOCtUIion in 3 hrs. 
When a petiole haa fairly clasped a stick, it is uotable, 
on the removal of the Slick, to stroighten i~lt. The 
Cree upper part. of one, the b&ge of which had already 
claaped a nick, Htill retained the power of movement. A 
loop of thread weighing .tb of a grain caused a petiole 
to curve; but the stimulus was not sufficient, tho loop 
remaining suspended, to cause a pemanent fl uurc. If 
a mucb heavier loop be plaood in the angle betweeu 
the petiole and the Item, it produces no elTect j whereas 
we have seeD with Clnnat~ nwnlana that the angle 
between the stem and petiole is sensitive. 
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Tropteolum peregrinum.-The fil'1!t.formoo internodes 
of a young plnnt did 1I0t revoh'e, resembling in this 
respect those of a twining plant. In an oltlcr plant 
tho four upper internodes made three irregular re
"olutions, in a course opposed to tho sun, at an average 
rate of 1 ilr. 48 min. It is remarkablo that the 
average rate of re\'Oiutioll (taken, however, but from 
few obserwltions) is vcry nearly tho $amo in this and 
tile two last species. namely, 1 hr. 47 m., 1 hr. 46 m., 
and 1 hr. 48 m. The llre5ellt species C!lnDot twine 
spirally, which seems mainly duo to the rigidity 
of tho stem. In 0. very yOlmg plant, which did not 
revolve, the petioles were not sensitive. In older 
pln.nts the petioles of quite young leaves, and of leaves 
as much as an inch and a quarter in diameter, are 
sensitive. A modcraro rub caused one to cun'o in 
10 m., and others in 20 m. They became straight 
again in between 5 brs. 45 m. and 8 brs. Petioles 
which have naturally come illto contact with a stick, 
sometimes take two turns round it. After th tly bave 
claspod a support, they become rigid and hard. Thoy 
are less scll8itivo to a weight tban in the previous 
species; for loops of string weighing ·82 of a grain 
(53·14 mg.), did not cause any curvature, but a loop 
of double this weight (1·64 gr.) acted. 

Trops!Olum elegan •. - I did not make many obser
\"atioll8 on tbis species. 'fhe short and stilT internodes 
revolve irregularly, describing small oval figures. 
One oval WIUI completed in 3 hra. A young petiole, 
when rubbed, became slightly cuned in 17 m.; and 
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afterwards mnc.h more 80. It was noorly 8tmight again 
in 8 hrs. 

Tropmlum lu.bm-otum.-On a plant uine inches in 
beight, tho int(!modes did not movo at nil; but 011 

Ull older plant they moved irregularly amI mll(le 
8mall imperfect o\·als. Tbeee mo\'ements could be 
detected only by being tmeed on a be11.g1flB8 placed 
Mcr tlle plant. Sometimes tho 8hoots Btood 8till for 
hours; dllring aome day8 they mo\'ed only in one 
direction in a crooked line; on othcr day8 they madE" 
8mall irn:>glliar 8pires or cireles, one ooing completed 
in about 4 11111. 'l'he extreme points reachp<1 by tht' 
upex of the 8hoot "'cre only about one or one and a half 
inche!! asund('r; yet this slight mo\'ernent brought the 
petiolcs into oontact with somo clO6£'ly surrounding 
twig_, which \\we then clasped. With the le81l{mro powcr 
Hf spontanoously 1'C\'olving, compared with that of the 
pI'C\'iou8 8pe<'i~, tho sensiti\'eness of tlle petioles is 
ulso diminished, These, when rubbed a few times. 
did not become CUn'ed until half an hou:r had elapsed; 
the curvatuI'C increased during the next two hours. 
8nd then wry 810wly decfOO8(!().; 80 that they !lOme
timcs Mquit«.l 24 bra to become 8tmight again. 
Extremely young loo\'es have active petioles; onc 
with the lamina only "15 of an inch in diameter. that 
is, about a twentieth of the full size, firmly clasped 
a thin twig. But IctwCB grown to IL qUllrter of their 
full size co.n likewise act. 

TroplllOlum min.", (?).-Tbe internodes of n. mriety 
ntUlled .. dwarf crimJou Nasturtium" did not te\"ol,e, 
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but moved in n rather irrogulo.r cout'lc during the 
day to the light, and from the light at night. 'I'he 
petioles, when well rubbed, showed no power of cun', 

ing; nor could I 800 that they ever clasped any 
neighbouring object. We b.o.ve 800n in this genus 
II gradation from species such Il8 T. tricolorum, which 
ha.ve extremely sensitive pctiolO8, and internodes which 
rtlilidly revolve nud spirally t"'ine up 8. 8UIJport, to 
(ltber species such 88 T. e1egan' aud T. tuberOfUnl. the 
petioles of which are much less 6Cnsiti\'c, ood the in
ternodes of which have "ery feeble revoh'ing power!! 

Bod cannot spirally twine round 0. 8upport, to this 11lJlt 
species, which has entircly lost or never lUXJuired these 
faculties. From the general character of the genus, 
the 1088 of JXlwer seems the more probable altC-math'c. 

rn the present species, in T. elegam, and probably in 
others, the flower-peduncle, fl8 SOOIl as tho seed-capgule 
begins to swell, spontaneously bends abruptly dO .... "Il· 
ward! and becomes somewhat convoluted, rr a stick 
stauds in the way, it is to a certain exteut e1aaped; but. 
as far as I have been able to observe, this e1aalling 
movement is independent of the stimulus from contact. 

ANTIRRHtNE&-ln this tribe (Lindley) of the 
Scrophulariacero, at loost four of the 116,'en included 
genera. have leaf-climbing lpeciC$. 

Maumndia Bari1nyana.-A thin, sliglltly bowed 
I!hoot made two re\·olution.s, following the sun, each in 
3 htl.. 17 min.; on the previow day this same shoot 
I'(l\'olved in an opJXMIite direction. Tho shoota do not 
twine spirally, but climb excellently by the aid 01 
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their yonng and sensitive petioles. Theae petioles, 
when lightly rubbed, move after a considerable ioletTa! 
of time, and subeequently become Itnligbt again. A 

loop of thread "'eighing lth of a grain caused them to 
bend. 

MauMltdia ",mperjlorenr.-This freely gro\\ing 
lpecies climbs exactly like the last, by the aid of its 
sensitive petioles. A young internode made tll"O 

eircles, each in 1 hr. 46 min.; 110 that. it moved almOKt 
twice &8 rapidly u the last lpecies. The internod~ 
are not in the left3t ICnaiti"e to a touch or pJ'(!8fJur(!. 1 
mentum tbis becautethey are semitiveinacloeelyallied 
genus. namely. LoJlh08pcrmum. The present 8peeiesi!l 
unique in one respect. Mobl &8ICrla (p. 45) that" the 
flowcr-peduncles, &8 well fLS tho petioles, wind like 
tendrils;" but be cllWeS Il8 tcndrila such objecll 
aa the apirol flowl'r-stalks of' the VallitJaeria. Tbi!l 
remArk, and the fact of tho nower-peduncles being 
decidedly flexuous. led me carefully to eumina 
tbem. They never act as truo lentlTile; I repentedly 
placed thin sticks in contact with young and old 
peduncles, and I allowed nino vigorow plan" to 
grow through aD entangled mM8 of branches; but 
in no one instance did they bend round any obje<-t. 
It is indeed in the highest dcgreo improbable tbat 
this ahould occur, for they are generally del'eloped on 
branches "'hich have alre&dy securely clasped a 
I5Upport by the petioles of their leaves; and when 
borne on a free depending branch, tbey are )lot 
produeed by the terminal portion of the int('modE' 

,2 
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which alone has the power of feYOhillg; 80 that they 
could be brought only by accitlcilt into contact with 
flny neighbouring object. Nm"crthell.''IS (and this is 
tho remarkable fact) the flower-peduncles, whilst 
young. exhibit feeble revoh-ing powers,aud are slightly 
lWusitivo to 11 tOllch. HtHing selected some !Items 
\\hieh had firmly clasped a stick by their petioles, 
and blu-ing placed a hell-glass oyer them, I tnlCcd 
the movcmen~ of the yOllng flower-peduncles. l'ho 
tmcing generally Comled a short and extremely irre
gular line, with little loops in its course. A young 
J>eduncle Ii- inch in length Wag carefully obsen"ed 
during a whole day, Ilnd it made four find II. half 
nnrrow, ,"crticnl, irregular, and short ellipscs--ooch 
at an tweroga rate of about 2 hra. 25 lll. An ad· 
joining peduncle described during tile same time 
similar, though fewer, ellipscs. As the plant had 
occupied for some time exactly the same position, 
theso 1ll0"emcnts could not be attributed to any change 
ill the nction of the light. Peduncles, old enough for 
Ihe colonred petals to be just visible, do not move. 
\\"jth respect to irritability: I rubbed two young 
peduncles (It inch in length) a few times Ycry lightly 
with tl thin twig; one was rubbed on the upper, and 
the other on th6 lower side, nnd they became in 
between 4 hrs. and 5 hra. dislinctly bowed towards 

~ II 'J1~" from A. Kerner'. ...hen they.re rubbed or .la.ken: 
lr.l<nlilling ohlernlion .. lla.t tbe Die 8cbulzmittel del Pollenl. 
flo ... er·ped.undeeohlargenulllber 1873,p.Si. 
or pillu!I are irritable,lInd IN'nd 
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these sides; in 2111rs. subsequently, they straigbtened 
themseh-e.. Next day they were rubbed on the 
opposite sides, and they became perceptibly cun"ed 
towards these sidea. Two other and younger pc
fluncles (three-follrths of an inch in length) were 
lightly rubbed on their adjoining sides, and they be
came 80 much curved towards one another, that the 
arcs of the bowl! stood at Doorly right anglea to their 
I,reviollll direction; and this was the greatest movement 
seen by me_ Sulaequently tbcy straightened them
seh"ea_ Other pedWlclea. so young III to be only 
three-tenths of an inch in length, became eurved when 
rubbed. On the other hand, peduncles alx)\'e 1; inch 
in lcngth required to be rubbed two Of three times, 

ullfl then became only just perceptibly bowed. Loops 
of thread suspcnded on tho peduneles produced no 
effoot; loops of string, howe\'cr, weighing '82 nnd 1-64 
of a grain sometimea eaused a slight Cllrmture; but 
they were never closely clo.sped, 88 were the farlighter 
loops of tbread by the petioles. 

In the nine vigorous planf! observed by me, it is 
certain that neither the slight. spontaneous movcments 
nor the alight sensitiveness or the fl o,,"er-pedunclefl 
aided the plants in climbing. If any member of the 
Scrophuhuiacero had possessed tendrils l'rOOuce<i by 
tbe modification or nOlVer-peduneles, I should lUL\'o 
thought that this speciea of Maurandia had perhaps 
retained a u!leIC!81 or rudimentary vestige of a fonner 
habit; but this view caDnot be maintained. We way 
IUSpect tbat, o,.-jog to the principle of correlation, 
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the power of movement has been hailliferred to the 
flower-peduncles from tho young internodes, and sensi
til-cne8S from the young petioles. But to whnteyer 
cause these capacities ore due, the ctlSe is interest
ing j for, by a little increase in power through Datural 
selection, they might easily ha,-c been rendered as 
useful to the plant in climbing, as are the flower
peduncles (hereafter to be dl.'SCribed) of Vitis 01 

Cardioepcrmum. 
Rl!()(l~liiton. t'Olubik.-A long flexible shoot swept 8 

lnrge circle, following the 8un, in 5 ius. 30 m. j aud, as 
the day became warmer, a second circle was completed 
in 4. hrs. 10 m. The shoots sometimes make a whole 
or a half spire round 8 vertical stick, they then run 
straight up (or flo space, and afterwards turn spirally in 
all opposite direction. The petioles of ,-cry young 
leaves about oo&-tooth of their full lIize, aoo highly 
sensitive, and bend towards the side which is tonched; 
but they do not move quickly. One was perceptibly 
(,Ul"ved in 1 hr. 10 m., after being lightly rubbed, and 
became considerably eurved in 5 hrs. 40 m.; some 
others were scarcely curved in 5 hrs. 30 m., but dis
tinctlyso in 6 hra. 30 m. AeUfYature was perceptible 
in one petiole iu between 4 hrs. 30. m. and 5 bra., 
after the suspension of a little loop of string. A 
loop of fine cotton thread, weighing one sixteenth of a 
grain (4:05 mg.), not only caused a petiole slowly to 
bend, bllt Wall ultimately so firmly clasped that it 
could be withdrawn only by some little force. The 
petioles, when coming into contMt with a stick, take 
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either aoomplete or ha.lf a turn round it, and ultimately 
increMe much in thickness. They do not poueu the 
power of spontanoously revoh-ing. 

lApJtc.permum. ICIQ~. var. pury''''ftlm.-Some 
long. moderately thin interuodetl made four revolu
tions at an al'erage rate of 3 hn. 15 m. The course 
punued was very irregular. namely, an extremely 
narrow ellipse, a large circle, an irrcguJlLf spire or a 
lIIigzag line, and sowetiwes the apex stood stili. Thb 
young petioles, when brought by the revolving move
ment. into contact with sticks, clasped thew. and soon 
iucreased coD.II.iderably in thickness. But. they are not 
quite 10 sensitil'e to a weight as thoee of the RlwdoeAi
ton, for loops of thread weighing one-eighth of a grain 
did not always cause thew to bend. 

TWa plant presents a case not obsero't)(l by we in 
ony other leaf-climber or twiner,· namely, that the 
youug inl(!modCIJ of tho stem are 8(!u/!.itive to a 
touch. W hen a. petiole of this species clasps a stick, 
it <iran the b88e of the internode against it; and then 
the internode itself bend! to,.-ards the stiek, which is 
enught between tho stew and the petiole na by a pair 
of pincers. The illtemode afterwardsstmightens itself, 
c.s.eepting the part in actual oontact with tho stick. 
Young internodes alone are 8ellSitiYc,ond these are 
lell8.itive on alllidOll &Jong their whole length. I made 

• I )).«I.l~1,dcrnd 10 tho Vrie.(ibld. p. 822) t.lell,lti«llo 
!lIM or tb~ twining ,to!m 0' C..... • Ionc:b like. t(l1ldrll. 
cut&, wbleb, aeoorui!\i 10 U. dd 
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fifteen trials by twice or thrice lightly nlbbing with n. 
thin twig sc,-cral internodes; and in about 2 hn., but 
in ouo case in 3 hrs., all wero bent: they became 
straight again in about 4 bra. nftcnnlJds. Au inter
node, which WM rubbed u.s often 68 six or seven tim~. 
OOeuwe just perot:!ptibly curved in 1 hr. 15 m., and 
in 3 lug. tho cnrmturo increased llluchj it became 
,;tnlight again in the CQurse of the succeeding night. 
I rubbed some intcl'nodes onc day on ono side, and 
the Ilext day either on the opposite sido or at right 
angles to the first side; and the curvature was always 
towards the rubbed side. 

According to Palm (p. 63), the petioles of Linaria. 
cirrluna and, to n limited degree, those of L. elati1UJ 
have the power of cbsping !l. SUIJport. 

SoLANAC£'£.-SolanU7Il jusmilWides.-Some of the 
species in this largo genus arc twiners; but tho present 
species is II. true loof-climber. A long, noorly upright 
shoot made four re,'olutions, moving against the Slm, 

vcry regularly at an a\'crnge rate of 3 hrs. 26 m. The 
shoots, however, sometimes stood still, It is eon
sidcrod. a greenhouse plant; but when kept there, tho 
petioles took 8o,:eral days to clasp a stick: in tho 
hothouse a stick was clMped in 7 hrs. In the green· 
honse 0. petiole was not till'ooted hy 0. loop of string, 
suspendoo during severn! days and weighing 2! 
groins (1G3 mg.); but in the hothouse one was mado 
to curve by a loop weighing 1'64 gr. (106'27 mg.); and, 
on the remoml of tho string, it became straight again. 
Another petiole was llot at all acted on by a loop 
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wCighing onJy -82 of a grain (53·14 mg.) We hue 
~n that the petioles of 8Omeothcr leaf~limbing plants 
are affected byolle-thirioonth of this Iauer weight. In 
this species, alld in no other loof~limbcr seen by me, 
Il full-grown loof is oopo.ble of clasping a stick; but in 
thf' greenhouse the movement was 80 oxtraordinarily 

slo", that the act required I16veral -.reeks; on csch 
eucceedillg week it was elcsr that the petiole had 
become more ilod more curved, until at l88t it firmly 
("!t\SI)Q(\ tho etick. 

Tho flexible petiole of a half or a quarter grown 
lear whicb iHUI cl8.llped an object for throe or four 
IlaYI illCrroseB much in thickness, and after sc\'eml 
"'eelu becomes 10 wonderfully hard and rigid that it 
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can hardly be removed from its support. On com· 
paring II. thin transverse sliooof such n petiole with ono 
froUl an older loaf growing close beneath, which had not 
clasped anything, its diameter was found to be fully 
doubled, and its structure greatly changed. In two 
other petioles similarly compared, and here represented. 
tho increase in diameter was not quito so great. In 
the wetion of the petiole in its ordinary state (A), 
we see a semilunar band of celJlIiar tissue (not 

R 
PlI··· 

SoIau_;'-...oid<I. 

;t=::I~~".::::".g,.~~d"l"da.tIck, ... h<ro'DID~3. 
well shown in the woodcut) differing slightly ill 
appearance from that outside it, and including three 
closely approximate groups of dark vessels. Near 
the upper surface of the petiole, beneath two exterior 

ridges. there Me t wo other small circular groups of 
vesaels. In the section of the petiole (B) which had 
clasped during severol weeks a st ick, the two exterior 
ridges have become much less prominent, and tho two 
groups of woody "essels beneath them much incrcMe(1 
in diameter. The semilunar band has been converted 
into a. complete ring of \'cry hard. white, woody 
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tissue, with lines radiating from the centro. The 
thl'(."O grollpil of YCMeIIl, whicll, though noor together, 
were before distinct, are nolV completely blended. 
'fhe upper part of this ring of woody vessela, fonned 
by the prolongation of tho homa of tho origiDAI eemi
lunar band, is narrower than the lower part, and 
slightly leas compact. This petiole after clo.8ping the 
&tiek had actually become thicker than the Item 
from which it arose i and this was chiefly due to the 
incl'068Od thickoeu of tho dng of wood. 'fhis ring 
presented, both in a traJlll"erse and longitudinal 
IK!Ctiou, a closely limiIDr structure to that of the 
Item. It is a singular morphological fnet that 
the peliole should tlmil acq uire a structure alm06t 
identically the sumo with that of tho axis i and it 
is 0. still more singular physiological fact that 110 great 
a chango should ha,-e been induced by tho mero act 
of clasping a support.-

FUlLlRIACE£..-FIHllar.a GfficinaliL-It could not 
ha,·o been anticipated that 80 lowly a plant aa this 
Fumana should have boen a climber. It climba by 
the aid of the main and lateral petioles ot itIJ com
pound lea\'6II; and even the much-Battened tenninal 

• Dr.!olu.,.,el1Muterllttl'omw .urf-. ID_rd&Dee.lththla 
me that in al...".t all petiole. .ta~ut, it may 1M ~ 
.. h~b aN oylind.w.J., • .,h.. tlat the ealarpI. -.1 c"'ped 
u-beerlq pelt.ce leo~ .. the petloI.e ollhe BoIto .... .. Ith it. 
1II'OOdy~rorm.eloledriDfC: clOII8drlllflolwoody_lI,hu 
_Illllllor lxu)(u of _I, being beoome tD<NtI cyllndrital tllia It 
I'OUtln.-d to petiole. .. bkh Ire .... ill it. origw..J unel .. ped 
cblunelied lI""'g their upper oontlitiou. 
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portion of the petiole can seize 11 support. I hllve 
seen a substance as soft !IS a withered blade of gross 
caught. Petioles which have clasped any object 
ultimately become rather thicker and morc cylindri
cal. On lightly rubbing seyerol petioles with a twig, 
tbey becamc perccI)tibly curved in 1 hr. 15 m., and 
subsequently straightened themselves. ..t\. stick gently 
placed in the nngle between two Bub-petioles excited 
them to move, and was almost clasped in 9 hrs. c\.. 
loop of thread, weighing ollC-€ighth of Il grain, caused, 
after 12IH'S. alld before 20 hra. had elapsed, a consider
able curvature; but it was never fairly clasped by the 
petiole. The young internodes are in continual mo\'e
ment, which is considerable in extent, but \'cry irregu
lar; a zigzag line, or a spire crossing itself, or a figllIO 
of 8 being formed. The course during 12 hra., when 
t raced on a. bell-glass, apparently represented about 
four ellipses. The leaves themselves likewise moye 
spontanoously, the main petioles curving thcmseh'es 
ill accordance with the mo\'ements of tbe internodes; 
so that when the latter mo\'ed to one side, the petioles 
mo\'oo to the snme side, then, becoming straight.. 
reversed their curvature. The petioles, howe\'er, 
do not moye oyer a wide spacc, as e01lid be seen wIlen 
a shoot was securely t ied to a stick. The leaf in this 
ease followed an irregnlar course, like that made by 
the internodes. 

Adlumia cirrluna.-I raised some plants late in the 
itlm01er; they formed very fine leavcs, but threw 
up 110 central stem. The first-formed leaves were not 
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IIClIsitivc; &owe of the later onelll"ere 80, but only 
tOirards their extremities, which were thus enabled to 
clasp sticka. This could be of no service to the plant, 
as these leaves l'OfIe from the ground; but it showed 
what the future character of t he plant would hl1v~ 
ho..-cn, bad it grown tall enough to climb. 'f he tip 
of one of these basal leaves, whilst young. described 
in 1 hr. 36 m. II. narrow ellipse, open at one end, and 
(·,.nelly throo inches in length; Il. aeoond ellipse WIlS 

brooder, more irregular, and shorter, viz., only 2; 
inches in length, and WM oomllicted in 2 hra. 2 m. 
}"rom tbe analogy of F10Imaria and CcrydaU .. I ha\'c no 
don!..t that the int('modC'S of AdluUlia b(wo the powf>r 
of te\·olving. 

Corydali. cillt.'icuiala.-Tbill plant is interesting 
from being in i\ condition 80 exactly intermediate 
between a lcaf-climber and a. tendril-bearer, that it 
might bam been described under either head; but, 
fl)r re8.80ns hereafter assigned, it hruJ been eJnssed 
(Unongst tendril·boorers. 

&sides the plants already dcecribed, BignOftta. 
'UIIgWU and its close allies, though aided by tendrils, 
ho,'o eJllJIping petioles. According to Mobl (p, 40), 
Oo«ullU Japonicw (one of the ~Jenispermaeelle) and a 
fern, the OphiogloaMln Japmi~m (p, 39), climb by 
their loof.gtalks, 

We now come to a small section of plants which 
climb by mean. of the produced midribs or tips of 
their le6.\'CIJ,. 
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LILlA<JE.£.-Gloriosa Planlii.-The stem of flo half
grown plant continually moved, generally describ
ing an Uregtllar spire, but sometimes oval figures 
with tho longer axes directed in different lines. It 
either followed the SUIl, or moved in an opposite 
course, and sometimes stood still before reversing its 
dirootion. One oval was completed in 3 hm. 40 m.; of 
two horseshoo--shapod figures, one was completed in 
11m. 35 m. and the other in 3 hrs. The shoots, in their 
movements, reached points between four aod fh'o 
inches Munder. 'fho young leaves, when first de
l'eloped, stand up nearly "erticully; but by the 
growth of the axis, and by the spontaneous bending 
down of the terminal half of the leaf, they soon 
becomo much inclined, aud ultimately horizontal. 
The cud of the leaf forms IL narrow, ribbon-like, 
thickened projection, which at first is nearly straight, 
but by the time the leaf gcts into an inclined position, 
the cnd bends downwards into IL wcll-formed hook. 
This hook is now strong and rigid enough to catch 
any object, and, when CAught, to anchor the plant and 
stop the revoh-ing movement. Its inner surface is 
sensitil-e, but not in nearly 80 high 0. degroo as tbat 
of the many before--daseribed petioles j for 0. loop of 
string, weighing 1·64 grain, produced no effect. 
When the hook haa caugbt 0. thin twig or even 0. 

rigid fibre, the point may be perceived in from 1 hr. to 
3 hrs. to have curled 0. little inwards j and, under 
favourable circumstances, it curls round and perma
nently seizes nn object in from 8 hra. to 10 hrs. 
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'fho hook wilen first formed, before tho leaf hM 
bent. doWD'II'8.l'ds, is but little aenaith'e, If it. catches 
hold of nothing, it remains Ollt'n and &cnsitive for 
a long tillle; IIltilll8tely the extremitY'ponta.noollaly 
nnd slowly curls inwarcls, and makes a button-like, 
flat, Bpiml coil at tho end of the leuf. One leaf 
UIL$ watcbed, aud the hook remained open for thirty
three days; hut during the last wuck the tip bad 
curled 80 much inwards that only a ,'ery thin twig 
could have been inserted "ithin it. AI 1000 &5 the 
til) has curled 80 much in'llllrds that the hook iB con. 
"erted into a ring, ita aenBibility is lost; but as long as 
it remains open lOme sensibility iB retained. 

Whils, the plant Wll1l only about Rlx inches in 
height., the lea\,e" four or fivo in number, were 
brooder thall those BUbeeqUClltly I,ro<iuced ; thcir 80ft 
~nd hut little-attenuated tipe were not IJCJlSitive, 
and did not. form hoob; nor did the stem then f6'·olw . 
• )"t this C4\rly period of growth, tho )llaut COil support 
itself; ita climbing powers are not required, r.nd 
coll&l!quentlyare no' del'eloped, So again, the )f'8\'('!1 

0 11 the summit of a full-grown BO'll'ering plnnt, which 
would not require to climb any higher, were not sensi
th'e aurl could not clasp 8 stick. We thus ace bow 
perfect is the economy of nature. 

COllMELYNAOE£.-Flagellan'a I ndica.- From dried 
specimen. it is manifest that thi. plant climbs exactly 
like the Gloriota. A young plant 12 inches in height, 
and bearing fifteen lenvC8, had not R single loo.f u yet 
produocd into a hook or tendril-like fllamenl; Il(lr did 

The Complete Wort of Ch" rle< Da,w,,", 0 ,n" 



80 C"IIl'.ll 

the stem revolve. lienee this plant. acquires its 
climbing powers later in life than doca the Gloriosa 
lily. According to :Mohl (p. 41), Uwlaria (Melan
thacero) also climbs like GlOllcta. 

These three last-named genera are 1t[onoootyledolls; 
hut there is OliO Diootyledon, namely N~ha, which 
1:1 ranked by Mohl (p. 41) IUllODgflt tendril-bearers; 
Ilnd I hear from Dr. Hooker that most of the species 
climb well at KCII'. '!'his is effecte<l by tlle stalk or 
midrib betWe<!1l the leaf and the pitcher ooilillg round 
any support. 'rho twisted part becomes thicker; but 
J observed in Mr. Veitch's hothouse that the stalk 
oft en takes a turn when not in contact with any 
object, and that this twisted part is likewise thickened. 
Two vigorous young l,lollts of N. lin1U and N. diliilla
loria, in my hothouse, whilst less than a foot ill 
height, showed no SCl18itiycness in their lcll.'(>S, and 
had no power of climbing. But when Jr. 1851Ji, had 
grov."Il to II. height of 16 inches, there were signs of 
these powers. The young leaves when first fOnDed 
stand upright, but 800n become inclined; at this 
IJeriod they tenDinate in 0. stalk or filament, with the 
pitcher at the extremity hardly at all dOl·eloped. 
'rhe lCfwe!I now exhibited dight spontanoous lIIove· 
menta; and when the termin.al fillWlents came into 
oonta.ct witb a stick, they sIowly bent rollnd and 
finnly seized it But owing to the subsequent 
growth of the iCtlf, this fillWleut became after a time 
(Illite slack, though still remaining firmly coiled 
round the stick. Hellce it would appear that the 
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chief use of the coiling. at least whilst dIe plant is 
young. is to support the pitcher with ita 100<1 of 
secreted f1llicl. 

Summary on LMf-dimberB.-Plants belonging to 
eight families are known to have clMping petioles,nnd 
plant8 belonging to four families climb by the til)!! of 
their leaves. In nIl the species ohllcnoed by me. 
with one exception, the young intcmooCfl revoh'o mure 
or loss regularly, in '&Ome case8 as ~gulArly 811 those 
of a twining plant, They J'Cyolve at mrious rates, 
in rnOllt eases rather rapidly. Some fow can II.8C(!Ild 
by spirally twining round a support. Differently from 
mOllt twiners, there is a strong tendency in the snme 
shoot to revolve first in one and then in an ollposile 
direction, 'fhe object gainecl by the rovolvillg moye
mcnt ill to bring the petioles or the tips of tIle lcn" es 
iuto contAct "'ith 8urronudingobjccts; and without this 
aid tho plant "'ould be much less SUCCCS8ful in cljmb
ing. With rare cl:ccptioIlll, the petioles are sensitiye 
only whilst young, They are 8eDliti,'e on all sides, 
but in different degrees in different plants; and in 
IIOme species of Ckmatu the 8C"eral partll of the same 
petiole differ much in sensitivenC'l8. 'fhe booked 
tipi of the leavCfl of the Glon-ON are sensitive only on 
their inner or inferior surfaces. 1'be petiolCfl are SCIl

I!.iti,'o to a touch and to excessively alight continued 
prcuure, en!:U from a loop of 110ft thread weighing 
only the on(l-tlixteentb of n grain (4-05 mg.); anci 
there ia reaaon to believe that the mther thick IlIlJ 
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stiff petioles of (J[emuJiAjklmmula are sensitive to e,-en 
much less weight if spread over a wide surface. The 
petioles always bend towards the side which is pr~ 
or touched, at different rates in different species, 
sometimes within a few minutes, but generally after 
4 much longer period. After temporary contact with 
Ilny object, tho petiole continues to bend for a 000-
Biderahle time; afterwards it slowly becomes straight 
again, and CRn then re-act. A petiole excited by an 
extremely slight" weight sometimes bends a little, and 
then becomes accustomed to the StimuiU5, slid either 
bends no more or becomes straight again, the weight 
stit! remaining sU8pended. Petioles which have clasped 
an object for some little timo cannot recover their 
original position. After remaining c1a8ped for two or 
three days. they generally increase much in thickness 
either throughout thcir whole diametcr or on one side 
alone; they subsequclltly beoome strongcr nnd more 
woody. sometimes to a wonderful degree; and in some 
cases they acquire an internal structurc like that of the 
stem or (L'(is. 

The young internodes of the Lophosp6MTlulII ns well 
lUI the petioles are sensitive to a touch, and by their 
combined movemcnt seize an object. The flowcr
peduncles of the .3faurQ1ul1'a letnp61"jlorens revolve 
spontaneously and are sensitinl to a touch, yct are not 
used for climbing. The leaves of at least two, and 
probably of most, of the spooies of Olematil, of Fumaria 
and Adlul1Iia, spontnueously curve from side to side. 
like the internodcs. a.nd are thu.s better adapted to 
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seize diatant object&. The petioles of the perfect 
leaves of ~um tnoororwm, .. 1II"el1 .. the tendril. 
like filamenu of the plants whilat young, ullimately 
move tOlraro. the atem or the supporting eliok, which 
they then claap. Tucae petioles and filaments aJso 
ahow IIOme tendency to contract epimUy. The tips of 
{he uncaught leavee of the GlorWta, as they grow old, 
contract into a nat epire or helix. These severa.] fact., 
are intereeting in relation to trne tendrils. 

With leaf dimbers. as with twining plan .... the first 
iniernodes ,,-bicb rise from the ground do not, at least 
in the ease. obsen-ed by me, spontanoowly revohe; 
nor are the petiolca or tips of the first·formed Ictl.\"etI 

lellllitive. In certain species or Clemati4, the large size 
of the leaves, together with their habit or revoh-jng, 
and the extreme Benaitiveness of their petioles, appear 
to render the revolving movement of the intemool'S 
,upernuou,; and thia latter power hll..8 conJequcntJy 
become much enfeebled. In. certain species of ~ 

~um, both the lpontaneous movements of the inter. 
nodee and the ICnaitivenetJl; of the petioles have become 
much enfeebled, and in one apecies have beeu com
pletely loet. 

02 
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OHAPTER III. 

St.llIf'8ofte!l<irlJ.-DI"SOlOACUl, nrionI.peclN of, and their dill'u"nl 
IPOdN or climhlog_Tendri1o which uohl the light and ereep 
into erevleee-Do~clopment of adhairo dl __ E xC<'llenl Bdapta
lion, for IO'llllng dUr~ront kino.h of .upportt-POLl:1I0NU.(:L1l
COO- -w.., lunch branched and hooked tendril&, their manner 
nf ~clioll_LI:GI·.Il<OUI_CoJl.I'OIIT-s.lI"'CJ:,.II_F.im ~, 
ir. inelllcient leGd..u-F{"IILt.IIU.~a .. ,doU. clane.lata, iii! 
atat.e intermediate I.d .. een thool of .. leot.r~tlmoo aDd .. tetulriL. 
,-". 

By tendrils I moon filamentary organs, sensili"e to 
contact Ilnd usod cxclusiycly fOf climbing. By this 
definition, spines, hooks and rootlets, all of which are 
used for climbing. are excluded. 'rrue tendrila nre 
formed by the modification of leaves with their petioles, 
of flower-peduncles, branches,· and perhaps stipules . 

• Ne .. er ha .. ing hJ,d the oppor- (I.) Plantl aup,oorting tlleltlleln .. 
luoity of eiUlmlnlng leodrilll Ilml'ly by lbeir blllnebellll~t.-hoo 
produeedbythemo<llftCllotionof oul.trlghlr.nlllc_r" tenUlple, 
bn.DOhet. I_poke doubtfully.boot c.~. (\I) l'IaDuel"!'\"g" 
th(;m iD. Ihw -1 wlM!ll ori· IUPport 'll'ilh their Dnmodi6ed 
boin .. Uy publio.hed. But aince bNllC'bet. .... ilh s"""n'da<xt. 
Iben F ril.J. M.liller hal d~ribed S.) Plan" C'lombing by the u· 
(JOI1l1IaI 0( Linn. Soc. rot iL po tremltlN of lhei. braochK ... bich 
3H) many Imldog _ill. South .~r like tendril .... U 1.I.e eue 
Brui\. In ~Dg of "lanbl -.ling to .;Ddlid~. with 
.. Lieb elimb by the .iJ nf their lId,"",. (i.) PlalJu .. itb the. 
bn.uchec, IUOte or leu modift~ broncbOi murh mooiftod .. nd 
he I'"-IN Ibilihe following lugel t~nlPOMlt!ly COtIvertcd into WD· 
ot development CAD. be traced; drila, but .. Heb may be again 
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:Yohl, ,,-bo indude!l under the name or tendrili various 
organs having a similar external appearance, classes 
them according to their homological nature, us being 
modified leaves, flower-peduncles, &c. 'this would be 
all exccll(!n~ scheme; but I observo that botanists are 
by no moon! unanimous on tho homologiCllI nature of 
CCrt&ill tClldrilll. Consequently I will describe tendril
bearing plauts by natural fiUlliLies, (ol1o'll'il1& Lindley's 
clfl8SiBcation; and this will in most caaee keep tboee of 
the same Dature together. The species to be deacribed 
belong to ten families, and will be gh"cn in the 
following order :-Bigntm~le, Pok1fU)1t~. Letju.
minou!, Compo,it«, Sml1MJus, F~IM~, a~rbitacu!, 
VUM!lotI, Sapittda.caJ, pam}tora.cM.-

' .. o.dormed 11110 bn.w:b_,u wilb 
eertain P.lril~u. plant&. 
(:I.) !'IMII wbh their bnnehe. 
I'ormlllg m>e t.endrit., IIIId IIIIId 
udahelrlbrc!llIIblng_wiLb St..,.._uwi Cadol..-... .:.en 
u..all-.li6edbraoc.b.~ 
IDQch~.h-.ther ... iad 
IOIIlId .. ...ppon. I_.l'oddu..t 
Mr. 'fb_ai* -.at _ftoow (Aylon 
... ped. ...... ol.o A_'" wbleb 
haJ diabed lip the tzuok ot_ 
ro.lber~u..,b7thea1doC 
tendril·Uke. Cllned or OOJIyniulecl 
braochlcta, flr~ted 10 lheir 
growlh .. nd rli/'lll&bed "jlh abarp 
reourredboob. 

• AJ Ct. ... I Ct.UmUeou.t, the 
hWOry 01 011. lraowled", 01 
leOdnil b .. rollo_:_W. ha ... 
_ tbt.tP.1IIINld.".,M.ohI 

obt.eneclt.boattht_timetht. 

.ing1llt.rphc1lornelllAlot' tbe..,... •• 
1a_l'Il'tclYluaruo_ntot' 
t .. "jullli-p1..ola. 1'aJm(p. 58). I 
PI'MllIM, cblemd likcwla II .. 
n'mItwill, __ tolk.odril.o; 
but I do IIOt red ."",ollhll, b 
hfI_Y.9ery IlltJtOllthe.abjeeL 
Dnttoebe& tlllil delmbed tit;. 
lIIOYe_toltbt.tead,Ulotbe 
ecmmon.- M<>bIW~r. 
edwtloeadriilllN.,....tigeto 
_Il001; 001 rlOlD_ ea.-e_ 
probabll fI'OaI ot. ... ing 100 old 
\eDdrlil, be .... not ..... "' bc .. 
.clUlllvc thel ... ere,.od thought 
IhatproLooP<lp..,.""' .... ~ 
Jt.l11De>:cllelhel.roo~L 

I'rol_A ... Oral. ln .. pt.per 
t.Uet.dlllll~ flmootlced the 
1I!lI:~_iti..-t.od.rapidill 
olUwo __ e.olthI.teIIdriho 
of oertt.ha c.cwbI~ pula. 
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BlONONlAO£L-This family COlltains mally tendril· 
bearers, some twiners, and some root-climbers. Tho 
tendrils always collsist ofmodi6ed leayes. Nine species 
of Bignollia, selected by hazard, nrc here described, 

ill order to sbow what diversity of structure and 
action there may be within tho 8IUllC genus, and to 
show what remarkable powers some tendrils possess. 
The species. taken together, afford connooting link. 

"'.< -. V __ ........ tr-.IOow. 

between twiners, lear-climbers, tendril-bearers, and root

climbers. 
. Bignonia (an unnamed species from Kow, clo&ely 
, allied to B. unguu, but with smaller and rather broader 

leaves).-A youug shoot from II. 01lt-<1.01\'11 l,iant mado 
throe revolutions agaiust the sun, at an average rate of 
2 hrs. 6m. The stem is thin and ftexible; it twiUNI 
round a slender vertical stick. ascending from left to 
right, as perfectly and 8S regularly 88 any true twining
plant. When thull asccnding, it mukCB no UIIe of its 
tcndrils or peti,olCII; but whcn it twined round a 
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rather thick stick, and its petioles were brought into 
contact with it, thCiIO cun"ed round the stick, showing 
that they have some dcgroo of irritability. The 
petioles also exhibit a slight dcgreo of spontaneous 
mo\'cment; for in onc case they certainly described 
minute, irregular, "crtical ellipses. 'fho tendrils ap
parently curve thCffiSCh"es spontaneously to the same 
side with the petioles j hut from ,-arions causes, it was 
dimeu!t to observo the movement of either the tendrils 
or petioles, in this and the two following species. 
l'be tendrils are 110 closely similar in all respects to 
those of B. vn!fUi., that ono description will Buffice. 

BigftO"i4 unguu.-l'he young shoots revoh-c, but 
JC8I regularly and less quickly than th08() of the last 
species. The stem tll"illC8 imperfectly round a vertical 
stick, sometimes rC"crsing its dircctioll, in the same 
manner as described in 80 many leaf-climbers; and 
this plant tbough poIlSCSSing tendrils, climbs to a 
certain extent like a leaf-elimbcr. Each leaf oollsitrl8 
of a petiole bearing a pair of leafiet.&, and terminates 
in a tendril, which is formed hy the modification of 
thrce leaflets, and closely resembles that aboYo figured 
(fig. 5). But it is a little larger, and in a young plaut 
was about half an inch in length. It is curiously like 
the leg and foot of a small bird, with the hind toe cut 
off. The straight leg or tarsus is longer than the three 
toes, which are of equal length, and dil'erging, lie in 
the snme plane. The toes terminate in sharp, hard 
claws, much cnn'od downwards, like th080 on a bird's 
foot, The petiole of tbo leaf is 8eusith'c to contact: 
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e,'en a mnall loop (If threud suspended C()r tW(l day. 
caused it t(l bend ullllarus. but the sulrpetioles of 
the two lateml leatlcUi are Ilot S('llsiti'f"e. The whole 
tendril, namely, the tarsus and the three toes. 
arc likcwise sensitive to contact, especially on their 
under surfaces. When a shoot grows in the midst of 
thin brunches, the tendrils aro soon brought by the 

. revoh'ing movement of the intemodes into contact 
with them; and then one too of the tendril or more, 
commonly all three, bend, and after senrol hours seize 
fut hold of the tII;gs, like a bird when perehed. If 
the tarsus of the tendril comes into contact with a 
tll'ig, it goes on slowly bending, until the whole foot 
is curried quite round, and the toea IJaM on ca.ch side 
of the tunius and seize it. In like IUallner, if the petiole 
comes into contact with a twig, it beuds round, carry
illg the teudril, whieh then seizefl its own petiele or 
that of the oppoeite loaf. 'fhe petioles mOl'e spon
tanoously, and thus. IIhcn 8. ahoot attempts to twine 
rouud nn upright stick, thosc on both aides after a time 
come into contact with it, and are excited to bend. 
Ultimately tho h.-o petioles cJllSp the stick in opposite 
directions, and the Coot-like tendrils, seizing on each 
other or 011 their own petioles. flisten the stern to the 
support with surprising 8CCurity. The tendrils are 
tbus brought into action, if the stem twines round II. 

thin vertical stick; and in this respect the present 
species differs from the 11lSt. .Doth species use their 
teu/lril. in the same mamler when passing throngh 1.1 

thicket. This plant is oneof the most effieientclimool'lf 
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which 1 hlwe obaen'ed j and it probably could ascend 
a polished Item incessantly W6aed by hoo.,. ItorIJ14. 

'1'0 show how important \'igoroUll health is for tho 
action of all tbe parts. 1 lllfly mention that when 1 
first cJ:Illllinoo a plant which was growing moocrawly 
wcil, though not vigorously, I ooncluded that the 
tendrils nctcd ollly liko the hooks 011 n. bramble, and 
that it "lUI the lli()ijt feeble and inefficient of all 
climben I 
B~lIw. TlMklyana..-Thill species is cJOIIelyallied 

to the IllSt, and behlL\'cs in the Mille manner; but 
JX'rhapl tft'iDes rather better rouud a "crtical stick. 
On the IIlme plaut, ono branch twined ill one direction 
and auother in an oppoeite direction. 'rhe internodes 
in one cuse made two circles, caeh in 2 hrs. 33 m. 1 
was enabled to obscrve the spOnw.noouB movements of 
the petioles better in this than in the two llroceding 
slKlCies: one petiole described threo small nrtical 
ellipses in the COU186 of 11 hn.. whilst another 
mo\'cd in aD ilT(>gular spire. Some little time after 
a Item has twincd ronnd an upright .tick, and is 
aceurely fastened to it by the cl8.llping petioles and 
tendril., it cmitll aerial roots from the bases of ita 
leavel; and these roots curve partly round ilnd adhere 
to the stick. This species of Bigll(}nia, tilerefore, com
hines four dif'l'eI'Cnt methods of elimoi ng generally 
chara.ctt:ristic of distinct plants, namely, tll·inins. leaf
climbing, tendril-climbing, and root-climbing. 

In the three foreh'OiDg speeiee, when tlu~ foot-like 
teudril has caught an obiect. it continuC8 to grow 
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&.nd thicken, and ultimately becomes wonderfully 
strong, ill the same manner as the petioles of leaf· 
climbers. If the tendril catches nothing, it first 
slowly bends downwards, and then its power of clasping 
is lost. Very soon afterwards it di81l.rticulo.tes itself 
from the petiole, and drops off like a leaf in autumn. 
I have seen this process of disarticulation in no other 
tendrils, for these. when they fail to catch an object, 
merely wither away. 

BigMnia f,'enusta.-The Wlldrils differ considerably 
from tilO36 of the previous speeies. The lower llan, 
or tarsus, is four times as long as the three toes; these 
are of equal length and diverge equally, but do not 
lie in the same plane; their tips are bluntly hooked, 
snd the wholo tendril makes an excellent grapnel. The 
tarsus is sensitive on all sides; but the three toes are 
sensitive only on their outer surfaces. 'l'he sensitive
ness is not much developed; for a slight rubbing with 
a twig did not cause the tarsus or the toes to become 
curved until an hour had elapsed, and then only 
in a slight degree. Sub8equently they straightened 
themseh'es. Both the tarsus and toes can seize well 
bold of sticks. If the stem is secured, the tendrils are 
seen spontaneously to sweep large ellipses; the two 
opposite tendrils moying independently of one another. 
I haye no doubt, from the analogy of the two following 
allied species, that the petioles also moye spontaneously; 
but they ~re not irritable like those of B. ungui. and 
B . TiCeedyana. The young internodes sweep 'large 
circles, one being completed in 2 brs. 15 m., and 
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a. second in 2 hra. 55 Ill. By these combined move
meDls of the internodes, petioles, and gmpncl-liko 
tendrils, the latter are soon brought into contact with 

. surrounding objects. When a shoot stands near an 
upright stick, it twines regularly aud spirally round 
it. As it ascends, it seizes the stick with one of its 
tendrils. and, if the stick be thin, tho right- and left
hand tendrils are alternately used. This o.lternatioll 
follows from the stem neccS8(I.riiy hiking one twist 
round its OIl'll axis for each completed circle. 

Tho tendrils contract spirolly 0. short time after 
catching nny object j those which catch nothing merely 
bend slowly downwards. But the whole subject of 
the spiral contraction of tendrils will be discussed 
ufter all the tendril-bearing species have been de
scribed. 

Bignonia. liltQTalill.-The young internodes romlte 
in large ellipses. An internode bearing immature 
tendrils made two rel·olutions, each in 3 hrs. 50 m.; 
but when grown older with the tendrils mature, it 
made two ellipses, each at the rate of 2 ilrs. 4! Ill. 

This species, unlike the preceding, is incapable of 
twining round l\ stick: this does not appear to be 
due to any want of flexibility in the internodes or 
to the action of the tendrils, and certainly not to 
any want of the revolving power; nor can I account 
for the fact. Neverthc:less tho plant readily ascends 
a thin upright stick by seizing a point above with its 
two opposite tendrils, which then contract spirally. If 
t he tendrils seize nothing, ihey do not become spiral 
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The species last described, ascended a. vertical stick 
by twining spirally and by seizing it alternately with 
its oppoeite tendrils, like a sailor pullblg himself up 
a rope, Mud over hand; the present species pulli itself 
up, like a sailor seizing with both handa wgether a 
rope above his head. 

The tendrils are similar in structure to those of the 
last species. 'fhay continue growing for some time, 
even after they have clasped an object. When fully 

. grown, though borne by a young plant, they are 9 inches 
in length. The throo divergent toes Me sLorter Ie

latively to the tarsus than in the former species; they 
are blunt at their tips and but slightly hooked; they 
urc not quite equal in length, the middle one being 
rather longer than the otheTS. i'heir outer surfaces 
are highly sensitive; for when lightly rubbed with 
a twig, they became perceptibly curved in 4: m. and 
greatly curved in 7 m. In 7 hrs. they became straight 
again and were ready to iO-act. The tarsus, for the 
space of one inch close to the toes, is sensitive, but 
in a ruther less degree than the toes j for the lutter, 
after a slight rubbing, became curved in about half the 
time. Eyen the middle part of the tarsll8 is seusitivu 
to prolonged contact, as soon as the tendril has arrived 
at maturity. After it has grown old, the sensitiveness 
is .confined to the toes, and these are only able to curl 
vcry slowly round a stick. A tendril ill perfectly ready 
to act, as soon as tho three toes have diYerged, and 
at this period their outer surfaces first become irritable. 
The irritability spreads but little from one part, when 
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ucitoo to another: thus, when a Itick waa caught by 
the p&rt immediately beneath the three toea, these 
seldom CIMped it, but N!wained Iticking Itraight out, 

The tendrill re,'0I\'6 spontaneously, The mOl'cment 
begins before the tendril is com'erted into 0. three
Jlronged grallnel by the divergcnoo of the toes, and 
before any part hM become sensi tive i 80 that the 
"wolving mOl'ement is useless at this early period. 
The movement is, aoo, now slo ... , two ellil)8(!8 being 
completed conjointly in 24 hrs. 18 m. .i mature ten
dril made an ellipse in 6 brs.; 80 that it mOl'ed much 
more .lowly than the internodes. The ellip<'l'S whieh 
were .wept, both in 0. l'ertical and horizontal plane, 
were of largo lize, The pctiolCi are not in the least 
tensitil'c, but rel'oh'e like the tendrils. We tlms see 
that the young internodes, the pctiolCl, aud the lc'n
drils all continue revolving togeth(lf, but at differe~ 
rates, The Illo,'ements of the tendrils which rise 
o}lpoeit6 on6 another are quite independent. lienee, 
when the whole shoot is 0.11<:11\"00 freely to revoh'e, 
nothing can be 1U0re intricate than the course followed 
by the extremity of each tendril. A wide space is 
thus irregularly aearched for IIOme object to be 
grasped, 

One other curious point remains to be mentioned, 
III the conrse of a few daya after the toefl have closely 
clasped a stick, their blunt extranitiCi become de
,'cloped. though not inmriably, into irregular disc
like balls whieb hal'e the power of adhering finnly to 
the wood. As similiar cellumr outgrowths \I ill be 
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fully described under B. capreolata. I will here say 
nothing more about them. 

BigMnw. a:quinootialu, vat. ChambllrlaYllii.-Thtl 
internodes, the elongated non-sensitive petioles, and 
the tendrils all revolve. The stem does not twine, 
but ascend!! n. vertical stick in the samo mauner us 
the lil..'lt species. 'rho tendrils also resemble those of 
the last species, but are shorter; the three toes nrc 
lUore unequal in length, the two Quter ones being 
about one-third shorter and rather thinner than the 
middle toe; but they vary in this respect. They 
terminate in small hard poinia; lLlld who.t is important, 
cellular adhesive discs are not developed. 'rho re
duced size of two of the 00es as well as their lessened 
sensitiveness, seem to indicate a tendency to abortion; 
and on ono of my plants the first-formed tendrils were 
sometimes simple, that is, were not divided into three 
toes. We are thus naturally led to the three following 
species with undivided tendrils:-

Bignonia specWw.-The young shoots revolve irregu
larly, making narrow ellipses, spires or circles, at rates 
varying from 3 hrs. 30 m. to '1 hrs. 10 m.; but they 
show no tendency to twine. Whilst the plant is 
young and does not require a support, tendrils are 
not developed. Those borne by tl. moderately young 
plant were five inches in length. They revolve spon· 
tanoously, as do the short and non-sensitive petioles. 
When rubbed, they slowly bend to the rubbed side 
and subsequently straighten themselves; but they are 
not highly soositive. 'there is something strange in 
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their 1Je.haviour: I repeatedly placed dOle to them, 
thick and thin, rough and smooth stickl and posts, 8! 

well .. Itring IUlponded vertically, but none of these 
Qbjects were well seized. After clasping an llpright 
stick, tlley repeatedly loosed it again, and often wouM 
not seill:e it at all, or their extremities did not coil 
closely round. I have observed hundreds of tendrils 
belonging to varioWl CncurbitacooUlJ, PfUI8i.BoraceoUll, 
and Leguminous plants, and nevcr &o.wone behave in 
this manner. When, however, my plant had grown 
to a height of eight or nine feet, the tendrils acted 
much better. They now seized a thin, upright stick 
boriUlutnlly, that iI, at a point on their own level, and 
not 80me way up the stick &9 in the CMe of all the 
previous specie!!. Nevertheless, the non-twiuing stem 
was enabled by this means to nsccnd the stick. 

The a.tr<lmity of the tendril is almoat stmight and 
sharp. The whole terminal portion exhibits a liuguIar 
habit, which in an animal would be called an inBtinct; 
for it oontinllllUy aee.rchcs for any little crevice or hole 
into which to insert itself. I had two young plants; 
and, after ha"ing ob&erred this habit, I lilaced near 
them POSta. which had been bored by beetles, or had 
be<:ome fil!SUred by drying. ~'ho tendrils, by their 
own movement and by that of the internodes, slowly 
travelled ovor tho surfaoo of the wood, and when the 
apex came to a holo or fissure it inserted itself; in 
order to effect this the extremity for a length of half 
or quarter of an inch, would often bend itaelf at right 
IlDgles to the basal part. I havE' watc.hed this process 
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ootwCf'n twenty and thirty limes. 'fbtl same tendril 
would frequently withdraw from one bole and insert 
its point into a HeOOnd hole. I have aOO seen a 
tendril keep its point, in OM CftS(l for 20 hrs. and in 
another for 36 bra., in n minuto hole, and then with
drnw it. Whilst tho point islhus temporarily inserted, 
tho opposite tendril goea on re\·oh·ing. 

Tho whole length of a teudril often fits itself cI08ely 
to any surface of wood with which it has come into 
contact; and I have obsen-ed one bent at right anglC8, 
from having entered a wide and deep fissure, with ita 
apex nbmptly re-bent and iuacrte<i into a minute 
laternl hole. After a tendril haa clasped a stick, it 
controct'J spirnlly; if it remains unattached it hangs 
strnight downwards. If it has merely adal'too itself to 
die ineqllalitiCl! of a thick post, though it haa cl8llped 
nothing, or if it hM inserted its apu into somo little 
fissure, this stimulus suffilX!8 to iuducc spirol contrac

tion; but tbo contraction always dnuu the tendril 
"1I~y from the post. So that in el-cry case theBe 
mo,-emcntJi, which seem 10 wc<!ly adapted for some 

l'urJX*l, wcre useless. On ouo occnsion, however, 
tho tip became permanently jammed into a IUlrrow 
fissure. I fully expected, from tho analogy of B. 
oaprtJOlata aud B. littoraliJ, that tbo tips would llal'e 
been doveloped into ndhcsi\'e discs; but I could 
ncver outect ovcn a trace of tbill process. There 
is therefore at present something unintelligible about 
the habiu of this plant. 

Bifl1'D1'ia pida.-This species closely re&embl(!tl the 
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last ill tho atnJcturo and movements of its ten<!rila. I 
"Iso casually examined IL fino growing plant of the 
aUiod B. Lindkyi, and tbilJ appan:ntly behaved in all 
respects in tho lMle manner. 

Bignonia capreolata.-We now como to a apecie!! 
having tendri.ls of fL different type j but first for the 
intemodes, A young shoot made throo largo revolu· 
tions, following the sun, at an averago rate of2 hi'll. 23 m. 
'1'ho Item is thin and fiexible, and I hal'O seeu one 
lllllke four regular spiral tnrns round IL thin upright 
nick, aacending of course {rom right to left, and 
therefore in a reversed direction compared with the 
before described spocies. Aftenrards, from tho inter
ference of the tendrils, it ascended either straight up 
tho stick or in au irregulllJ' spire. The tcndrils are 
in 80me respects highly remllJ'kable, In n young 
plant they were about 2i inches in length aud much 
branched, tho fiye chief branches apparently repr<.'-
80Dting two pairs of leaflets and a terminal one. Each 
branch ia,howover, bifid or more commonJylrifid tolHUtlt 
tho extremity, with tho points blunt yet distinctly 
hooked. A tendril bends to a.ny side which is lightly 
rubbed, and IJUhBequently becomes straight again j 

but a loop of thread weighing ith of a grain produced 
no cffect. On two occasions tho terminal branches 
becamo slightly cnrvoo in 10 m. after they had tonched 
a stick j and in 30 m, the tips were curlod quito round 
it, Tho baMl pari is 10fl8 sensitive, 'I'ho tendrils re
\'011'00 in an apparently eaprieioUl manner,80metimes 
\'ery slightly or no' at aU; at other times they 
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described large regular ellipses. I could detect no 
spontaneous mOl'cmant in the petioles of the loovC!!. 

Whilst the tendrils are revolving more or les:f 
regularly, another remarkable mOl"ement takes place, 
Mwely, a slow inclination from the light towards 
tho darkest side of the house. I repootedly changed 
the position of my plants, and some little time after 
the tel'olving movement had ceased, the sucOO88ively 
formod tendrils always ended by pointing to the 
darkest aide. When I placed a thick poet near a 
tendril, between it and the light., the tendril pointed 
in that direction. In two instancCfI a pair of leaves 
stood iIO that ODO of the two tendrils WlUI directed 
towards the light aud the other to the darkest side of 
the house; the latter did not move, but the 0llposite 
one bent itself first upwards amI then right over its 
fellow, so that the two became parallel. one above the 
other, both pointing to the dark: I then turned the 
plant half round; and the tendril which had turned 
over roooverod its original position, and the opposite 
olle which had not before moved, now turned over to 
the dark side, Lastly, on 'another plant, three pairs 
of tendrils were producOO. at the same time by throo 
shoots, and all happened to be differently directed: I 
placed the pot in a box open only on one side, and 
obliquely facing the light; in two days aU six ten
drils pointed ..... ith unerring tnlth to the darkest corner 
of the box, though to do this ellCh had to bend in a 
different manner, Six \\'ind-vancs could not have 
more truly sho ..... n the direction of the lI·ind, than did 
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thcie branched tendrils the course of the stream of 
light whicb entered the box. I left these tendrils 
undisturbed for abo,'O 24 brs., and then turned the 
pot balf round; but th<,y had now lost their power of 
movement, and eQuid not any longer avoid tho light. 

When a tendril has not sncceeded in clasping a 
support, either through ill! own revolving movement or 
that of the shoot, or by turning towards any object 
which intcfCellts the light, it bends "ertically down
wfU"d8 aud then towards its own stem, whieh it seizes 
together with the supporting stick, if there be one . 
. \ little aid is thull gh'en in keeping the stem aecure. 
If the tendril ecizee nothing, it deee not contract 
spirally, but 800n witbers away and drops off. If it 
/lCizcs an object, all the bronches contract spirally. 

I have stated that after a tendril hIlS como iuto 
contact with a stick, it bends round it ill about hslf 
1m hour; but I repeatedly observed, as in the case 
of B. tpeeioeG and its aJlie8, that it orten Again loosed. 
the stick; 90metiwee eeizing and l008ing the iIiIme stick 
three or four times. Kno\l'ing that tho tendrils avoided 
the light, I gave them a gl!\98 tube blackened within, 
aud a. well-blackened zinc plnte: the brnncilcs curled 
round the tube nud abnlptly bent tbemaeh'CfI round 
the edges of tho zinc plate; but th!')' 800n recoiled 
from theee objects lrith lI·hnL I can only call disgust, 
nnd straightened themselves. I tb!'o placed a post 
with extremely rugged bark close to a pa.ir of tendrib; 
twice they touched it {or an hour or two, and twice 
th£'y ..... ithdrew; nt last one of the hooked ex tremities 
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curled round and firmly seized au excessively minute 
projecting point of bark, and then the other bmuchcs 
8pread themselves Qut, following with accuracy c,"cry 
inequality of the surface. I afterwards lllaced near 
the plant a post without bark but much fissured, and 
tne points of tbe telldrilg crawled into all the crevices 
ill a beautiful manDer. To my lurllrisc, I observed 
that the tips of the immature tendrils, with the 
branches not yet fully separated, Jikewise crawled 
just like roots into the minutest cre"icea. In two 
or three dllYs after the tip8 had thus crawioo into 
the crevices, or after their hooked ends had seized 
minute points, the final process, now to be dcseribed. 
commenced. 

This proce8!l I discovered by baving accidentally 
left a piece of wool Dcar a tendril; and this led me to 
bind a quantity of flax, moss, and wool loosely round 
sticks, and to place them Dear tendrils. 'I.'be woolmu8t 
not be dyed, for these tcndril8 are cl:CC8Sivcly sensitivo 
to some poisons. 'rhe hooked points soon caught hold 
of the fibres, even loosely flooting fibres, and now there 
was no recoiling; on tho contrary, the excitement 
caused the hooks to penetrate the fibroua mass and 
to curl inll'ards, so that each hook caught firmly one 
or two fibres, or a small bundle of them. The tips 
aud thc inner iurfaces of the hooks now began to swell, 
and in two or three days were visibly enlarged. After 
n few more days the hooks wcre ooo'·crted into whitish, 
irrcgular balls, rather above the ioth of an inch (1·27 
mm.) in diameter, fonned of CO&l86 cellular tissue, 
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which sometimes wholly enveloped and concealed the 
hooks themselves. The BUrfaces of these balls secrete 
BOme viscid resinous matter, to whieh the fibres of the 
flax, &c., adhere. Wben a fibre has become fasteued 
to tile surface, the cellular tissue docs not grow 
directly beneath it, but continues to grow eJosclyon 
each side; 80 that when several adjoining fibre", 
though excessively thill, were caught, so many crests 
of cellular matter, each not as thick as a human hair, 
grew up betwoon them, and these, arching over on 
both sides, adhered flnnly together. As the wholfl 
surfnce of tho ball continues to grow, fresh fibres 
adhere and are afterwards em'eloped; BO that I have 
seell a littlo bo.ll with between fifty nncl sixty fibres 
of filLY. crossing it at various angles and all embedded 
more or less deeply. Every gradation in the process 
could be f!)I1Oll'ed-somo fibres merely sticking to 
the surface, others lying in more or less deep furrows, 
or deeply embedded, or passing through the \'ery 
centre of tho cellular ball. Tho embedded fibres fiN 

80 eJosely CIMped that they cannot be withdrawn . 
The outgrowing tissue hus so strong 0. tendency to 
unite, that tll'O balls produced by distinct tendrils 
sometimes uuite aud grow into a single one, 

On one occasion, when a tendril had curled roum! 
a stick, half an inch in diameter, an adhesivo disc 
WM formed; but this does not generally occur in tho 
case of smooth sticks or posts, If, however, the tip 
catches a minute projecting point, the other branches 
fonn diSCll, especially if they find crevices to CJ'f\wl 
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into. fhc tcndrils failed to attach themselves to a 
brick wall. 

I infer from tho adherencc of tho fibres to the discs 
or balls, that these secrete some resinouB adhesive 
matter; and more C8pecially from slleh fibres becoming 
loose if immersed in sulphuric ether. 1'his fluid like
wise remo,·es small, brown, glistening points which can 
generally be seen on tho surfaces of the older diSCI!. 
1£ the hooked extremities of tho tendrils do not touch 
anything, di8CS, as f!lor as 1 h8'·0 scen, are never 
formed j- hut t.cml)Orary contact during a moderato 
time Buffices to catae their develollment. I have seen 
eight discs formed on tho same tendril. .A.ft.er their 
dtlrelopment tbe tendril8 contract 8pirally, and becomo 
woody and ,·ery 8trong. A tendril in this state I!up
ported nearly 1(l,· Cll ouuces, and would apparently havo 
supported a con8iderably greater weight, had not tho 
fibres of flax to which the discs were attached yielded. 

From the facts nOli· given, we may infer that though 
tbe tendrils of this Bignonia can occaaionally adhero 
to smooth cylindrical sticks and often to rugged oork, 
yet that they arc specially adapted to climb trees 
clothed witb lichens, mosses, or other such productiollSI 
and I hear from Professor.A..sa. Gray that tho Pol!lpcdilHJ~ 
ineanum abonnds on tho forest-trees in the districts of 

• }'rllr. M!ill~. 1t6* (ibid. P. ob;e.,t, ~rmillllote hllO>OOtb IbhliQg 
HotS) ilia, iQ South Bruit tbo d;..c.. ThMo, bowner, aI\er ..:1.-
trifid tatldtit. of Uapiolopblllm, bering to aGJ' objeet, IOmdimol 
(ono or tbe llignont..ceID) wiUiollt beoome OOlIlldcrablJ' enlargd. 
buing COOHlllltoODD~1 with Imy 
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North A.merica where this species of Bignonia grows. 
Fillll.lly, I may remark how singular a fact it is tbat 
a leaf should be metamorphosed into 1\ branched 
organ which turns from the light, and which call 
by ita extremities either crawl like roots into crevices, 
or seize hold of minute lloojooting points, these ex
tremities afterwards fonning cellular outgrowths which 
IICCrete an adhesive cement, and then envelop by their 
continued growth tbe finest fibres. 

Eccremocarpu! !Caber (BigMtliaum).-Plo.nts, though 
growing pretty well ill my green-bouse, showed no 
spontaneous movements in their shoots or tendrils; 
but when removed to the hot-house. the young inter
nodes revolved at rides varying from 3 hrs. 15 m. to 
1 hr. 13 m. Ono large circle was swept at this latter 
unusually quick rote; but generally the circles or 
ellipses were small, and sometimes the course pursued 
was quite irregular. An internode, after making severol 
revolutions, sometimes stood still for 12 hrs. or 18 hrs., 
and then recommenced revolving. Such strongly marked 
interruptions in the movements of the internodes 1 
hIll'S observed in hardly any other plant. 

The lea\'es bear four leaflets, themselves subdivided, 
and termillll.te in much-brunched tendrils. The 
main petiole of the 100ft whilst young, mo\'es sponta
neously, and follows nelll'ly tho same irregldar course 
and at about the same rate as the internodes. The 
mo,'ement to and from the stem is the most con
spicuous, and I have seen the chord of a cuned petiole 
which fonned an angle of 59° with the stem. in an 
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hour afterwards making an angle of 1()(f'. The two 
opposite petiolCfl do not move together, and one is 
sometimes 80 milch raised as to stand CI08e to the stem, 
whilst the other is not far from horizontaL The basal 
part of the petiole moves less than the distal part. The 
tendrils, besides being carried by the mO\'ing petiolC!!;! 
and internodes, themsclYes move spontaneously; and 
the opposite tendrils occasionally mO\'e in opposite 
directions. By these combined mO\'ements of tIle 
young internodes, petioles, and tendrils, a considerable 
space is swept in seareh of a support. 

In young plants the tendrils are about three inches 
in length: they bear two lateral and two terminal 
branches; and each branch bifurcates twice, with the 
tips terminating in blunt double hooks, having botL 
points directed to the same side. All the branches are 
scnsiti"e on all sides; and after being lightly rubbed, 
OT after coming into contact with a stick, bend in 
about 10 m. One which had become curved in 10 m. 
after a light rub, coutinued bending for betwoon 3 hra. 
and 4 hrs., and became straight again in 8 hrs. or 
9 hrs. 1'endrils, which Ilfn'e caught nothing. ultimately 
contract into 6n irregular spire, as they likcwise do, 
only much more quickly, after clasping a support. In 
both cases the main petiole bearing the leaflets, which 
is at first straight and inclined a little upw6T(ls, 
mo,'cs downwards, with the middle part bent abrnptly 
into a right angle; but this is seen in E. miniatu8 
more plainly than in E. scaber. 1'he tendrils in this 
gCllus act in some respects like those of Rignonia 
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capreoldla; but the whole docs not move from the 
light, nor do the hooked tips become enlarged into cel
lular discs. Afror the tendrils have como into contact 
with a modemtely thick cylindrical stick or with 
r ugged bark, the several branches may be seen slowly 
to lift themselYes np, change their positions, and 
again como into contact with the 8ullPOrting slU'face. 
The object of these movements is to bring the double 
hooks at the extremities of the branches, which natu
rally fu.ce in all directions, into contact with the wood. 
I wn-e watched a tendril, half of which had bent itself 
at right angles round the sharp corner of 0. square post, 
neatly bring overy single hook into contact with both 
rectangular .fIurfaces. The appearance suggested tho 
belief, that thongh tho whole tendril is not sensitive to 
light, yet that the tips are so, and that they turn 
and twist themselw!s towards any dark surface. Ulti· 
mately the branches arrange themselves very neatly 
to all the irregularities of tho most rugged bark, so 
that they resemble ill their irregular course a rh-er 
with its branches. 11.8 engraved on 0. map. But when 
0. tendril hll.8 wound round fI. rather thick stick, the 
subsequent spiral contraction generally draws it away 
and spoils the neat arrangement. So it is, but not in 
quite so marked a manner, when a tendIil hll.8 spread 
itself over a large, nearly flat surface of rugged oo.rk. 
' Ve may therefore conclude that these tendrils are not 
perfectly adapted to S(>j1;o:l moderately thick sticks or 
rugged bark. If a twn stick or twig is placed near 
a tendril, the tenninal branches wind quite round it, 
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and then seize their own lower bronches or the main 
stem. The stick is thus flnnly, but not neatly, 
grasped. What the tendrils are n>slly adapted for. 
appears to be such objects as the thin 6u1ms of certain 
grosses, or the long fl exible bristles of a brush, or thin 
rigid leaves such as tnose of the Asparagus, all of 
which they seize in an udmiroble manner. This is 
due to tlle extremities of the branches close to the 
little hooks being extremely sensitive to a tou('h 
from the thinnest object, which they consequently 
curl round and clasp. 'Vhen a small brush, for 
instance, WM placed near a tendril, the tips of each 
sub-branch seized one, two, or three of the bristles; 
and then the spiral contraction of the Beycrnl bronches 
brought all these little parcels close together, 80 that 
I hirty or forty bristles were drawn into a Bingle bundle, 
"bicb afforded an excellent support. 

POLEMONIACEA:.- COOtM acandens.-This is an 
excellontly constructed climber. i'he tendrils on !l. 

fine plant were ele\'en inches long, with the petiole 
bearing two pairs of leaflets, only two and a half 
inches in length. Thoy revolve more rapidly sud 
vigorously than those of any other tendril-bearer 
observed by me, with tho oxception of ono kind of 
Pamjlora. Three large, nesrly circular sweeps, di
rected against tho sun were completed, each in 1 hr. 
15 m.; and two other circles in 1 hr. 20 m. and 1 hr. 
23 m. Sometimes a tendril tra\'els in 0. much inclined 
position, and BOmeHmes nearly upright. The lower part 
mOl"CS bnt little and the petiole not at all; nor do 
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the internodes re"olve; 110 that hero ... e have the tendril 
alone mo,·ing. On the other hand. with moat of the 
epeciea of Bi!lrwnia and the EoerelflOMrP"'. the inter· 
nodca. tendrile. and petioles all r6\·olvOO. The long, 
straight. tnpering Olilinl3tem of the tendril of the Cobtea 
beare IIltenlate branches; and each branch is several 
timet! divided. with the finer bronches 88 thin as ,'ery 
thin bristles ami extremely flexible. 110 that they are 
blown about by a breath of air; yet they are strong 
Ilnd highly elastic. Tho extremity of each branch is a 
little flattened. and terminates in a minute double 
(though IOmetimes single) hook.foroled ofa hard, trans
lucent, woody suhiltance, and 88 sharp ae tho finest 
needle. On II. tendril which waa ele"cn inches long 1 
counted llinety·four of these beautifully constructed 
little hooks. '1'boy readily catch soft wood, or gloves, 
or the akin of the naked hand. With the exception of 
tbcsehardcnoo books, and of tho basal part ofthoccutral 
stem, e"ery part. of every branchlet is highly eenaitive 
on all sides to a slight toueh, and benda in a few 
minutes towards the touehed side. By lightly rob
bing aeveral sub-branehes on ollpolite sidee, the lI'hole 
tendril rapidly lLSSUDled an extraordinarily crooked 
shape. These movements from contact do 1I0t inter· 
fero with the ordinary revoh'ing movement. The 
branchee, after becoming greatly eun'cd from being 
touched, stmightcn themseh'cs at a quicker rote than 
in almoet any other tendril 8C(ln by me, namely, in 
between balf an hour and an hour. AJtcr the tendril 
has caught any object, spiral contraction likewise 
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begilll alter an uDwua11y short. interval of time. 
namely. in about twelve haura. 

Before the tendril is mature, the terminal branchleu 
cohere, and the books are curled cla.cly in~·ards. At 
this period 110 part is seruitive to Il touch: but as 90011 

IU the branches diverge and the hooks stand out, full 
acDllitivenC88 is acquired. It is a singular circumstance 
that immature tendrils rm"oh'o at their full volooity 
before they become IJentlitive, but in Il nseJeBII manner, 
aa in this state they can catch nothing. This ..-ant 
of perfect eo-4daptation, though only (or a sbort time, 
bet,r(len the structure and the function! of a climbing
plant ia. rare event. A tendril, &III!)()()O as it is ready 
to act., sta.od., together with the lJu)porting petiole. 
vertically upwardlL The leaflets bomo by the petiole 
are at this time quito small, and the extremity of the 
growing Item is bent to ono aide 80 II! to be Qut 
of tho way of the revoh·jng tendril, which sweeps 
largo eirelCfl directly ow!r head. The tendrils thus 
revolve in a poaition well adapted ror catching objects 
standing above; and by th.U means the &8Cent. of the 
plant. ia ravoured. H no object. ia caught., the lee! 
with it. tendril bends downwards and ultimately 
assumes a horizontal poaition. An OJX'D space is 
thua leO. ror the Derlsucceeding and youn~r tendril 
to etAnd vertically upwards and to revolve freely. 
As soon 88 an old tendril bends downwards, it loses 
all power or movement, and oontroot. Ipirally into an 
entangled D11l18. Although the tendrils revolve with 
unusual rapidity, the movement. ItIJItJJ ror only a shori 
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timo. In a plant plaood in the bot-bouse and grow
iug "igorously, IL tendril rovoh'oo for lIot longor than 
36 bours, counting from tho period when it Brst becamo 
sensitive; but during this period it probably Ill8do at 
least Z1 revolutions. 

Whon a revolving tendril strikes against a stick, 
tbe bronchCll quickly bend round and claap it. The 
little hook! here play an important part, u they 
prevent the branchetl from being dragged away by tho 
rapid revolving movement, before they havo had time 
to clasp the slick 8OOuroly. Thia is especially the case 
when only the extremity of a branch haa cnllght 
hold of a support. As 800n as a tendril has bent 
round a smooth stick or a thick rugged poet, or has 
como into contact with planed wood (for it call adhere 
temporarily oven to 80 amooth a surface as this), the 
lIamo peculiar movements may be observed as thOlKl 
doseribed. under B'tinonia capreol4i4 and .f.«r~r-

1""'- The branches repeatedly liCt themseh'ee up and 
dOlrn; thoee whieh baYO the ir hoob alreedy directed 
downwards remaining in this position and aceuring 
tho tendri l, whilst tho others twist about until they 
succeed in arranging themselves in conform ity with 
every irregularity of the 8Urface, and in bringing 
their hoob into contad with the wood. The use o( 
the hooks waa well shown by giving the tendrils 
tubes and slips of glass to catch; (or these, though 
temporarily lCizod, were im'ariably lost, either during 
the ro-arrangement of the branches or ultimately when 
"piral contraction ensued. 
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The perfect manner in which the branches arranged 
themsehes, creeping like roodeL! over every inequality 
of the surface and into any deep crcl'ice, is a prclty 
sight; for it is perhaps morc effectually performed 
by thill than by any other species. The action is 
certainly more conspicuous, 1\8 the uJlpC-r surfaces of 
the main stem, lIB well lIB of every branch to the 
extreme hooks, are angumr and green, Wllilst the lower 
surfaces are rounded and purple. I was led to infer, 
M in former C&8C8, that a less amount of light guided 
thC&O movements of the branches of the tendrils. 
I made many trials with black aDd white cards and 
glass tubes to prove it, but failed from various causes; 
yet these ttia1s countenanced the belief. As II. tendril 
consists of a leaf split into lIumerous segments, tllCtC is 
nothing surprising in all the segments turning their 
upper surfaces towards the Light, as 8000 a9 the tendril 
is caught and the revolving movemeut is arrested. 
But this will not account for the whole mOl'emeot, for 
the scgmenta actually bend or CUl've to the dark side 
be8ides turning round on their axes 110 that their upper 
surfaces may face the light. 

When the Cobtea grows in the open air, the will(l 
must aid the extremely flexible tendrilB in seizing a 
support. for I found that a mere breath sufficed tocause 
the extreme brflnches to catcb hold by their hooks of 
twigs, which they could not ha"e reached by the 
revolving movement. It might have he<!n thought 
that a tendril, thus hooked by the extrcmityora single 
branch. oould not have rairly grasped its support. 
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But fl()vcral times I watchOO co.ses like the following: 
0. tendril co.ught a thin stick by the hooks of one of 
its two extreme branches; though thus held by the 
tip, it still tried to revolve, bowing itself to all sides, 
and by this movement the other extreme branch SOOIi 

co.ught the stick. The first branch then loosed itself, 
and, arranging its hooks, again caught hold, Mter 0. 

time, from the continued movement of the tendril, 
the hooks of 0. third branch caught hold. No other 
branches, o.s the tendril then stood, could possibly 
have touched the stick. But before long tho upper 
part of the main stem began to contract into an open 
spire. It thus dragged tho shoot which bore the 
tendril tow/l1"ds the stick; and as the tendril con
tinnally tried to revoh'e, Il. fourth branch was brought 
into contact. And lastly, from the spiral contraction 
tra\'elling down both the main stem and the branches, 
all of them, one after anoth.er, were ultimately brought 
into contact with. the stick. They then wound them
selves round it and round one another, 1mtil tho whole 
tendril was tied together in nn inextricable knot. 
The tendrils, though at first quite flexible, after 
having clasped a support for a time, become more 
rigid and stronger than they were at first. Thus the 
plant is secured to its support in a. perfect manner. 

LEGUlflNOSlE,-PiBulI1. sativulII.-The common pea 
wo.s the subject of Il. valuable memoir by Dutroohet,
who discovered that the internodes and tendrils 

- Compte. Rendul, tom. "vii. 18-13, p. 989. 
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revolve in ellipses. The ellipses aro gcncmlly vcry 
narrow, but sometimes npproo.cb to circles. I severol 
times obscn'oo that the longer axis slowly changed its 
direction, which is of importance, M the tendril thus 
sweeps a wider space. Owing to this change of 
direction, and likewise to the movement of the stem 
towards the light, the successive irregular ellipsea 
generally form an irregular spiro. I hM'o thought it 
worth while to annex a tracing of tho course pursued 
by the upper internode (tho movement of the tendril 
being neglected) of a young plant from 8.40 A.M. to 9.16 
P.M. The course was traced on a hemispherical gltuJ8 
placed over the plant, and the dotll with figures give 
the hoUl'll of observation; each dot being joined by a 
straight line. No doubt all the lines would have been 
curvilinear if the course had been observed at much 
shorter intervals. The extremity of the petiole, from 
which the young tendril aroae, WfUI two inches from 
the gllLS9, 80 that if a pencil two inches in length 
oonld ha"e been affixed to the petiole, it would havl,l 
tmced the annexed figure on the under side of the 
glass; but it must 00 remembered that the figure i8 
reduced by ono-half. Neglecting the first great 
sweep towards the light from the flgure 1 to 2, the 
end of the petiole swept a Bpace 4 inches across in one 
direction, and 3 inches in another. All a full -grown 
tendril is oonsidera.bly above two inches in length, and 
11.8 the tendril itself bends Bnd revolves in harmony 
with tho internode, a oonsiderably widcr space is swept 
than is hero repf(l8Cnted on a reduced scale. Dntf'()('hct 
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obsernl<l the completion of an ellipse in 1 hr, 20 m.; 
and I 8A.W one completed in 1 hr. 30 m. Tho direction 
followed is variable, either with or against the lUll. 

Dutroobet a.sserts that the petioles of the lea\'cs 

'M • ..... . · , .. · , ... . . . 1._ 
· Iii. 

spontanoously revolve, R8 welt (18 the young inter
nodes and tendrils; hnt he does not say that he 
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secured the internodes; when this 'W88 done, I could 
nover detect auy movement in the petiole, except. to 
aud from the light. 

The tendrils, on the other hand, when the intmnodCl' 
and petioles are secured, describe irregular spires or 
regular ellipses, exactly like those made by the inter
nodes. A young tendril, only 11 inch in length, 
revol\'ed. Dutroohet has shown that when 0. plant is 
placed in a room, 80 that the light enters laterally, the 
internodes travel much quicker to the light tban from 
it: on the other hand, he asserts that the tendril itself 
moves from the light towards tho dark side of the 
room. With due deference to this great observer, 1 
think he was mistaken, owing to his not having 
secured the internodes. I took a young plant with 
highly sensiti,'o tendrils, and tied the petiole 80 that 
the tendrilll.lone could move; it completed a perfect 
ellipse in 1 hr. 30 m.; I then turned tho plant partly 
round, but this mado no chango in tho direction 
of the succeeding ellipse. Tho next day I watched a 
plant similarly secured until the tendril (which was 
highly IICnBitivo) made an ellipse in a line exactly to 
aud from the light; the movement was 80 great that 
the tendril at the t ..... o ends of its elliptical conrse 
bent itself a li ttle beneath tho horizon, thus travelling 
more than 180 degrees; but the curvature WOJ! fully 
OJ! great towards the light as towards the aark side 
of the room. I believe Dutrocbct WOJ! misled by not. 
having secured the internodes, and by having observed 
a plnnt of which tho internodes and tendrils no longer 
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CDITed ill hannony together, owing to inequaJity of 
age. 

Dutrochet made no observlLtions on the sensitiveness 
of the tendrils. These, whilst young and about an inch 
in length with the leaflets on the petiole only partially 
expanded, are highly 8ell8.itiye; II. single light touch 
with a twig on tbe inferior or concaye surface near the 
tip ca~ them to bend quickly, u did occasionally 
fI. loop of thread weighing one-sc\'enth of a grain 
(9'25 mg.). The upper or convex surface is barely or 
not at all sensitive. Tendrils, after beniling from a 
touch, straighten themseh'es in about two hours, and 
are then rt'ooy to act again. A~!lOO1i lUI they begin 
to grow old, the extremities of their two or three pain 
of branchC!l beQome booked, and tbey tben appcnr to 
form Iln excellent grappling ill!ltrument; hut tbis is 
not the C88e. For at this I)el'iod they ha\'e generally 
quite l08t their sensitiveness; and when booked on to 
twigs, lIOmc were not at all affected,and othen required 
from 18 hn. to 2-1 hn.. before clasping such twigs; 
new!rtheless, they were able to ntilise the lut "estige 
of irritability owing to their extremities being hooked. 
Ultimately the lateral hrancbCil contract spirally, but 
not the middle or main stem. 

Lath!f"l' aphaM.-This plant is destitute of leal'os, 
excellt during a very early age, tht'tO beiug replaced 
by tenllril!!, and the lea\'es themseh'es by largenipules. 
It might therefore hayt! been expected that the ten
drils would have boon highly organized, hut this is 
not 110. They Are moderately long, thin, and un~ 

12 
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branched, with their tips slightly curved. Wbillt 
young thoy nre seusitive on all ,ides, but chiefly on 
the concave lide of the extremity. They have 110 

spontanoous tel'ol"illg power, but aro at first inclined 
upwards at an Bugle of about 45°, then move into a 
horizontal 1XJ8ition, and ultimately bend dO~l]nrds. 
The young internodes, on the other band, reveh'o in 
ellipses, and carry with them the tendrils. T,,'o 
ellipses were completed. cach in nearly 5 hn.; their 
longer axel wero directed at about nn anglo of 450 

to the axis of the prel'iously made ellipse. 
Laihyrw grandij/'o1"llS.-Tho plants observed 'I\'ere 

young and not growing \'igorol18l)', yet luffieicntly 50, 
I think, for my obsen-ations to be tmllted. If 50, we 
haxe the raro cuo of neither internodes nor tendrils 
rOl'ol ring. fJ~ho tendrils of 'Vigorous plants are abovo 
4. inches in length, and arc often twiee di,'ided into 
three bmneht'8; the tips are CUfl"ed and are sensitive 
ou their cullca'-e 8ides; the lower pert of the centml 
stem is hanlly at all sensitive. Hence this plant 
appears to climb 8imply by ita tendril8 being brought, 
through tho gro\\th of the stem, or more efficiently 
by tho wind, into contact with surrounding object.'!. 
which they then cllUlp. I may add thnt the tendrils, 
or the internodes, or both, of yict'a tatttu ro,-ol"e. 

Coll.I'OSIT.£. - MlItilia ekmo.til. - The immense 
flimily of tho C:lmpoaitro is well hown to include 
"ery fow climbing planta. Wo ha"o Been in tho '!able 
in the first chapter that Mik"n.ia acaM"'" is " re
gular twiner. alld F. MUller informs mo that ill S. 
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Brazil there is another species whieh i8 a. leaf-elimber 
Mid;';(/, is the only genus i ll tho famiJy. fill far a! 
I can learn, which bears tendrils: it is therefore 
interesting to find that these, though rather leas 
metamorphosed from their primon:linl foliAr condit ion 
than are moot ollior tendrils, yet displAy nIl the 
ordinary chllroctcristic movements, both tbO&(l that 
are 8poiltanoolU And those which are e:xeitcd by con
tact. 

The long loof bears seven or eight Alternate leaflets, 
and terminates in a tendril which, in a plant of eon
siderable 8i%e, W88 5 inches in length. It oons.i~ts 
generally of three branches j and tllC8(!, although 
much elongated, evidently roprescnt the petioles And 
midribs of throo leailots j for they closely fCf!(>mble 
the same porls in nn ordinary leaf, in being T('(ltallguinr 
on tbe upper sur(tu:e, furrowed, and edged with green. 
Moroovor, tho green edging of tho tendrils of young 
plants IIOmetLmes expands into a nnrrow lamina or 
blade. Each branch i8 curved IL little dO~'llward8, and 
illll.lightly hooked at the extremity . 

.!. young upper internode revolved, judging from 
three revolutiolUl, at an average rate of 1 hr. 38 m. j it 
swept cl1ipses with the longer axes directed at right 
angles to one anothor; but the pIn nt, npparently, 
cannot twine. 'rho petioles and the tendrils are both 
in OOns.talit movement. Bnt their mo,·cmout is slower 
and much less regularly elliptical than that of the 
internodes. They appear to be much afr< .. 'Cted by the 
light, for the whole leaf usually sinks down during the 
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night and rises during the day, moviog, alAo, during 
the day ill a crooked eourse to the west. The tip of 
tho tendril is highly scnsitive on tho lower surface; 
and ono which was just touched with a twig became 
perceptibly curved iu 8 m., and another ill 5 m.; the 
upper surface is not at all sensitive j the sides !1M 

moderately scnsitiwl, so that two branches which were 
rubbed 011 their inner sides converged and crossed ench 
other. 'fhe petiole of the leaf and the lower llints of 
the t.cndril, halfway ootween tho upper leaRet and the 
lowest branch,are 1I0t sensitive . .A. tcndrilafter curling 
from a touch became straight again in about 6 Ius., and 
\I'M ready to re-act; but one that had OOcD so roughly 
rubbed as to have coiled into a helix did not become 
perfectly straight until after 13 hrs. 'rhe tendrils re
tain their sensibility to an ulHumslly Into age; for one 
borne by a leaf with fi,'o or six fnlly developed lcaves 
above, was stillncth·e. If 0. tendril catches nothing, 
after a considerable inteml.l of time the tips of the 
branches ellrl 0. little inwards; bllt if it clasps some 
object, the whole contracts spirally. 

SlliLACE'£.-SlIIila:t: aspera, ,·ar. maculaia.-Allg. 
St.-Ililairc· ooll.8iders that the tendrils, which rise in 
pairs from the petiole, are modified lateral leaflets; 
bllt nohl (p. 41) ranks them as modified stipules. 
These tendrils arc from Ii to Ii inches in length, are 
thill, and have slightly eIUYOO, pointed extremities. 
They di,-crge a little from each other, and stand nt 
first nearly upright.. When lightly rubbed Oll eithcl 

·'~d(jDotanique:"c.,18U,p.l'iO. 
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side, they slowly bend to that. side, and subsequently 
becomo straight. again. 'l'he book or collve:t side 
when placed in oontact. with a stick became just per
ceptibly cU.t\·ed in 1 hr. 20 m., but did not completely 

8urrollnd it until 48 brs. had elapsed; the ooncave side 
of another became considerably curved in 2 hrB. and 
clasped a stick in 5 hrs. As tho paiM! of tendrils grow 
old, one tendril diverges more and more from the 
other. and both slowly bend backwards and dOWll1\·ards, 
10 that. after a time they project. on the opposite side 
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of the Item to that. from which thor arise. They then 
lltill retain their sensitiveness, and can clasp a. suppori 
p laced belIi,ill the stem. Owing to thiB power, the 
plant iii able to ascend a thitl upright stick. Ulti
mately the two tendrils belonging to the sarna petiole, 
if thoy do not collle into contact with IlIlY object, 
loosely cross each other behiud thQ stem, as at B, iii 

fig. 7. This movement of the tendrils towards and 
round the stem is, to a certain extent, guided by their 
avoidance of the light; for when a plant 8tood so that. 
ono of tho two tendrils was compelled in thus slowly 
moving to travel towards the light, and the other from 
the light, the latter always moved. 8.11 I repeatedly 
ob&erved, more quickly than ill fellow. The tendrils 
do not contract spirally in any case. Their chance 
of finding a support depends on tho grollth of tho 
plaut, on the wind, Rnd on their own slow backward 
and downward movement, which, M we htwe just seen, 
is guided, to Ito certain extent, by the 8"oiOOnoo of the 
light; for neither the inteM\odcs nor the tendrils have 
any proper revolving mo,'emeut, From this latter 
eireumstance, from the slow movements or the tendrils 
after oontact (thongh their aensith'eness is retained for 
an nnusuallength of time), from their lIimple IItructure 
and shortness, this plant ill a 1(!8IJ perfoot climber than 
I\lIy other tendril-bearing spedell observed by me. The 
)l lnnt whilst young and only a few inches in height, 
dOOll not produce any teudrila; and considering that 
it gl'OI''S to only about 8 root in height, that the stem 
is zigzag and is furnished, 88 well as tho petioles, with 
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Spilles, it is wrprilling that it should be provided with 
tendrils, oomparati,'ely inefficient though these are. 
The plnnt might have been left, ODO would have 
thought, to climb by the aid of its SpillCB alone, like 
our brambles. As, however. it belongs to a genua., 
some of tho species of which are furnished with much 
longer tendrils, we may suspect that it possesses these 
organs solely from being descended from progenitors 
more highly organized in t.hi!! n:!8pcct. 

FUMAlllACEL-Corydali. davitulata.-AocorWng to 
MoM (p.43), the extremities of tbe branched stem, 
as v,ell as the leaves, are converted into tendrils. 
In tho specimens examined by mo all tho tendrils were 
certainly (oliar, and it. is hardly erodible that the same 
)llIlUt. should produce tendrilll of a widely different 
homological nature. Nevertheless, Crom this state
ment by :Molli, I have ranked this species amongst the 
tendril-bearers; if classed exclusively by its foliar 
tenclrih, it would be doubtful whether it ought not to 
hl1\'c been placed amongst the leaf-climbers, with its 
allies, Fumaria and Adlumia. A large majority of its 
8O-Cllllcd tendrils still bear leaflets. though exccssin'!ly 
reduced in size; but some rew or thcm may properly 
be designated lUI tendrib, for thcy I1l'6 comilletely 
destitute or laminoo or blades. Consequently, we here 
behold fl. plant in &n actu&18tato oftmn8ition from a leaf
climber to a tendril-bearer. Whilst tho plant i8 mther 
young, only the outer leaves, but when full-grown all 
the letwC8, have their cxtremities com"cried into more 
or leu perfect tendrils. I have examined specimelU! 
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from one locality alone, viz. Hampshire; and it is Dot 

improbable that plants growing under different oondi
tious might have their loo\'es a. little more or less 
changed into true tendrils. 

Whilst the plant is quite yonng. the first-formed 
leaves are not modified in any way, but those next 
formed have their temlinal leaflets reduced in size, 
and soon all tho leaves assume the structure repre
sented in the following drawing. 'fhis leaf bore nine 
leaflets; the lower onos being much subdivided. The 
terminal portion of the petiole, about 1* inch in 
length (&00" 0 tho leaflet f), is thinner and more 
elongated than the lower part., and lUay be considered 
i\.S the tendril. The leaflets borne by this pnrt are 
greatly reducOO. in size, being, on an Ill'cmgc, about 
the tenth of an inch ill length and very Darrow; ono 
small leaflet measured one-twelfth of an inch in 
length and one-seventy-fifth in breadth (2·UGmm. Ilnd 
'339 mm.),110 that it "'89 almOHt mic.l'08COpicallyminute. 
All the reduced leaflets ha,-e branching nen-cs, Ilnd 
tenllinate iu little sllilles, like those of the full y de
,-eloped leaflets. Every gradation could be traced, 
lmti! we come to bronchleta (89 a and d in the figure) 
which show no vestige of a lamina or blade_ Occasion
ally all the terminal branchlets of the petiole are in 
this comlition, and we tben have 1\ true tendril. 

The several tenninal branches of the petiole bearing 
the much reluood leaflets (a, b, c, d) are highly 
sensitive, for a loop of thread weighing only the one
sixteenth of a grain (4'05 mg.) caused them to becom£' 
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grootly curved in under 4 hrs. When tho loop was 
removed, the petiole8 straightened themselves in about 
tll681l.me time. The pctiolo(,) ""1lS rather Icssscnsitive; 
lir..d in Boother specimen, in which the oorreaponding 

petiole bore rather larger leaflets, a loop or thread 
weighing one-eighth of a grain did not causo curvature 
nntil 18 hI'S. had elBpsod. Loops of thread weighing 
one-fourth of 0. grain, left suspended on the lower 
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petioles (f to l) during 8everal daya, produced DO 

effect. Yet the three petioles J, g. and 11 were Dot 

quite i08CIllIible, (or when left in contact with a stick 
for a day or two they 810\\ly curled roune) it. Thus 
the sens.ibility of tho petiole gradually diminishes 
from tho tendril-like extremity to the ba.se. The in
ternodes of the stem are Dot at aU 8Cnsitil'C, which 
makes MoW's statement that they are somet imes con
verted into tendrils the more 8ufllriaing. 1I0t to say 
improbable. 

The whole leaf', whilst young and IK'nsitive, stands 
almOit ,'crt.ically upward" sa we have seeD to be the 
CtU6 with many tendrils. It is in continual mOl'e
meni, and one that I obeerved swept at an average 
rate of about 2 hJ'8. for each revolution, large, though 
irregular, ellipses, which were sometimes narrow, 
sometimes brood, with their longer axes directed to 
different points of tho OOIllpa8S. 'l'be young inter
nodes, likewise revolved irregularly in ellipses or 
spires; 10 that by the&6 combined movt'mentll a con
lidcrable lpace was swept for a IUpPOrt. H the terminal 
and attenuated portion of a petiole fails to seize any 
object, it ultimately bend. downwards and inwards. 
and !lOOn loeea all irritability and power of mo\'ement. 
This bending down diffel'!! much in nature from that. 
which occurs with the extremities of the young leaves 
in many species of OIemtui.; for these, when thUll 
bent downwards or hooked, first acquire their full 
degree of sensitiveness. 

Dietfttra thalidrifolia.-In tbil allied plant the 
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metamorphosis ot the tenninal leaflets is oomplete, 
and thoy ara converted into perfect tendrils. Whilst 
the plant is young, tho tendrils flppear like modified 
branches, and a distinguished botanist thought that 
they were ot this nature; but in 0. full·grown plant 
there can be no doubt, 88 I am tlSSured by Dr. Hooker, 
that they are modified Jeav(!8. When of full size, they 
are abovo 5 iuchcs in length ; thoy bifurcate twice, 
thrice, or even four timcs; thE'ir extremities are 
hooked and bluut. .All the bmllch(!8 of the tendrils 
are scllsitil'e Oil all sides, but the bo.snl portion of the 
main stem is only slightly so. i'he terminal branches 
when lightly rubbed with 0. twig became cur"ed in 
the course of from 30 m. to 42 m., and straightened 
themsclves in between 10 Ins. and 20 hrs. .A. loop 
of thread weighing one-cighth of a groin plainly 
caused the thinner bronchea to bend, as did oceagion· 
ally a loop weighing one-sixtecnth of a groin ; bllt 
this latter weight, though left suspended, was not 
8ufficient to cause a permanent flexlln!. The whole 
loof with its tendril, 88 well 88 the young npper inter· 
nodes, rovoh'e8 vigorously and qllickly, though irregu. 
larly, and thus sweeps a wide space. The figure traced 
on a beU.glll89 W88 either an irregular spire or Il. 

zigzag line. Tho nearest allproach to nn ellipse was an 
elongated figure ef 8, with one end a little o(X'n, and 
this W88 completed in 1 hr. 53 m. During a period 
of (l hrs. 17 ffi. another shoot made a complex figure. 
apparently representing three and a half ellipses. 
Whell tho lower parl of the petiole bearing Ow leaflet. 
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was securely fastened, the tendril itaelf described 
similar but much smaller figures. 

'I'his species climbs well. 'rho tendrils after clasp .. 
ing 8 stick become thicker and more rigid; but the 
Llnnt hooks do not tum and adapt thcnlseh'C8 to tho 
supporting surface, as is done in so perfect 11 manner 
by SOlliO Bignoniacere and Cobrea.. The tendrils of 

young lllrmts, two or t11roo feet in beight, Me only 
ht\lf the length of those bomo by the same plant when 
grown taller, Illld they do not contract spirally aft(-f 
clasping a support, but only become slightly flexuous. 
Full-sized tendrils, on the other hand,oontraet. spirally. 
with tho exception of the thick basal portion. 'fell
tlrils which hs\'o caught nothing simply bend down· 
wards and inwards, like thb extremities of the JeavClS 
of the Oorydalif claviculaid. But ill nil cases tho 
petiole ELfter a time is angularly and abruptly bent 
downwards like that of Eccremocarpus. 
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CHAP'rER IV. 
TI:IID&IL.llURlllli-{<mIti".tId). 

()JouuTT'CLs-llomologool n&tu,..oItbotendrll.a-EcIti_~I,lobal", 
ft'IIlI"bble P>OYemeDt. of the teooriJ. to lreld IeUlng the \etminal 
.bom-Tendrlb DOt excited by <»otlct wilh ... other tendril or by 
"roPJofw"ler-L"lId!lbtorymoYomclltoitheulremilyoll~t<lDdril 
-U""","".., -.dhereul dioco-V,T.lc-ol1l( .... ioII between Ihe 
Uower-pedlludel 1101\ tendribor the vilJ(l-TollrlrlUo of the Vlrginilll 
Oroope, lum f.om Ihe lighl, aud, ancr oooiA(t, de.olop ..,n" ... im 
d~'I'Tlin ... c~-p",lI!;,n.o ..... e __ l'''';jIo<o ,m";I~_It.pid 
Nrol~i"," morewool aDd _ili,._01 thelondriJ.-Not ....I1i .. a 
10 tho C'lO<IIaCl or other tendrib or 01 drope 01 nl.cr-Spiral 00Il· 
t....-I;.. .. 01 &oQdrlt.-SulIlIII&lf 011 tho .. tl1l'ii aDd aetiOll or 
toDdtH~ 

CUCLRlHTAO£.-E.- The tendrils in this f,unity hu,l'e 

been ruuked by competent judges as modified letwes, 
stipules, or branches j or as pnrtly a. led aud pnrtly 
a branch. De CandoUe believes thnt the tendrils 
clilfer in their homological nature in two of the tribes.· 
From facta recently adduced, Mr. Berkeley thinks 
that Payer's view is the m08t probable, namely, that 
the tendril is" a IICparate portion of the leaf itself;" 
but much may be said in favour of the belief that it 
is Q, modified flower-peduncle.t 

·lamindcbt.edtol'rof.Olirer 
for infonnatiou 011 tllil b.d. Iu 
,b, 8DII~1i1l ,10 Ir. SoI'l~ nota. 
nlqllOdel-'_,18.57,lheN-.. 
nil""""". d..., .... ioo. 011 tho 
nature of th .. tolld"l. III Ibi, 
flllQily. 

t • o.nJell~"· ObroDlel~,' 1SG-i, 
p.7:.!1. I-'rom tbo alllnily of the 
Cucu,bl_totbeP_illo_. 
Ilm"bl be at)tIIed lhal tbe 
toln.Jrili of lha fO<1lK!r 'l'!Imoli!ed 
1Io ...... poduuel ....... i.""rtalllly 
the cue ",lU tJKIICI of P&M!.OD-
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Echinoeylltj. lobala.-Numerous observations were 
made 011 thia plant (raised from &eed sent me by Prof. 
Asa Gray), for the spont.a.p.oous rel'olving mo,-cmcnts 
of tho internodes and tendril! wero first obsen'ed by 
mo ill tbis case, and greatly perJllexed me. My obser· 
,'atioIls may now be much OOIl(lcnsed. I observed 
thirty.five revolutions of the internodes and tendrils; 
tho slowest rate was 2 hrs., and the 8W!mgc rate, with 
no great fluctuations, 1 hr. 40 m. Sometimes I tied 
the internodes, so that tho tendrils alono mo,-cd; at 
vther timea I cut olT tho tendrils whilst l'ery young. 
80 that the internodes re,'olvoo by themselves; but 
the rate Willi not tbllS nfl'reted. The OOU1'8(l generally 
pursued was with the 8UIl, but often in an opposite 
tliroction. Sometimes tho movement during a short 
timo wOllld either stop or be reversed; and this 
apparently was due to interference from the light, 
as, for instance. wht:!n I placed a plant d ose to a 
window. In one instance, un old tendril, which had 
nearly ceased re\"Ohing. mOl'ed in one direction, 
whilst a yOUllg tendril abol'6 mO\'ed in an oppo&ite 
COUl'S(!. The two uppermost internodes alone tel'oh-e; 
l\Dd a!1 8OO~1 as the lower one grows old, only its upper 
part continues to moYo. 'rho ell ipses or circles swept 
by the summits of the internodes aro about three inches 
ill diamoter; whilst those 8wept by the t ips of the 

Bowora. lit. R. IIolland (llard- prden, .. here ODe or tbe .bort 
wkko,,'.'8eie~p.'l~,p. prickl. upon the !'roit bit 
11») 11A"," that ". ""cumber gTOWII oat Into • long, euried 
jl:1'$W, .. r"wytiOln ago in my own tendril" 
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tendrils, are from 15 to 16 inches in diameter. During 
t he revolving movement, the intemodCll beeolDt' 

sueceseively curved to al l points of the OOffiptl.S8; 

in one part of their OOUl'S(l tlley are often inclined. 
together with the tendrils, at about 450 to the horizon, 
and ill another part stand vcrticalJy up, l'bere was 
something in tho appeamnce of the 1'6vol,>illg intemodf'S 
which oontinualJy ga"e the false impre!lSion that their 
mo,'ement was due to the weight of the kmg and 
spontanoously re,'ol"ing teudril ; but, on cutting-oft' the 
latter with llillll'pl!Ci890rs, the top of the sboot I'OIle on..l,. 
~ little, and went 011 re\'olvillg. 'I'his false appearance 
iii app8n>ntly due to the intemodcs and tendrils all 
clln-illg- and mo,-ing harmoniousiy together, 

.1 re\'oll'ing tendril, t hough inclined duri ng tile 
greater purt of itil oourse at an anglo of abont 450 (ill 
one CfU!C of only 3i") 6b:n'e the horizon, nilfcned Bnd 
straightened i1.self from tip to base ill II. certain 
part of illl OOUl'S(', thus becoming nearly or quite 
wrticaJ, 1 witneASed this repeatedly; and it oreurred 
hoth wh{'n the lIupporting intemodcs weJ'C free and 
when they were tied up; but was perha]>! most con
spicuoUl ill tbe latter case, or when the whole shoot 
happened to be lllllch inclined. The tendril fOrulS a 
"cry acute angle with the projecting extrt!lllity of the 
stem or shoot ; and tho stiffening always occurred ag 

t he tendril npllroo.ched, and hud to JlIl88 o,'er the shoot 
in its circular oourse, If it had llot poMe&K..J. and 
exercised this curious )Xlwer, it would infallibly ha\'e 
struck agaiust. the extremity or the shoot and ~u 



lao 

IIrrested. A.d soon as the tendril with itJI three 
branches begins to stiffen itself in tbiB manner and to 
rise from 1111 inclined into 0. l'crtical position, ,hl' 
f{'\'oh- ing motion becomes more rapid; and as 80011 

.1.$ the tendril hn.! 8uceeeded in passing Ol"ar the ex
tremityof the lhoot or point of difficulty, ita motion, 
coinciding with that from its weight, orten causes it to 
filII into its previously inclined position 80 quickly, 
that tho apex could be seen travelling like the millllte 
hand of II. gigantic clock. 

Tho tendrils are tbin, from 7 to 9 inchca in length, 
with a pair of short lateral branches rising not far 
from the hMe. The tip is slightly Slid permanently 
ourved.80 as to act to a limited extent ILl a hook. The 
conc.o.ve aido of the till is highly &ClIsiti,'c to a touch; 
but not 80 tho convex side, as was likewise obser"cd 
to be the case with other llpe<'iCB of the fawily by 
Mohl (I" 65). 1 repeatedly pron~d tbis difference by 
lightly rubbing fQur or fi,'e times the oou"ex side of 
one tendril, and (July once or twice the conctwe side 
of another tendril, and the latter alone curled inwards, 
In a few hours nfterwards, when t110 tcndrils which 
bad boon rubbed on the oonoo"e side had str&.ightened 
themselves, I re,'crsed the llr0ce&8 of rubbing, and 
al'l'llYs with the same result. After touching the 
conca,'e side, the tip becomes sensibly cun'oo in one or 
t\\'O minutes; and 8ubeequently, if the touch has been at 
all rough, it coils itaelf into a helix. But the h('liJ: 
will, after a tim(', straighten itaclf, and be again ready 
10 act. A loop of tbin thread only one-sixteellth or 
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& grain in weight. CIlusro a temporary flexure. The 
lower part. wa. repeatedly rubbed rather roughly, but 
no cun'ature eMued; yet thls part. iii lI('D.!iti"e to pro
longed pressure, for when it came into oontact with a 
stick, it would slowly wind round it. 

Qne of my plants bore two shoots near together, 
aDd the tendri ls were repeutedly drawn acroes one 
auotller, but it is II. singular fact thnt they did not 
once catch each other. It would 8PI)eBr lUI if they had 
become habituated to contact of this kind, for the 
preuUte tb113 call8ed mWJt h8,·e been much grctlter 
than that caused by a loop of soft. thread weighing 
only the onHixtcenl.h of a grain. 1 have, 1I0we,-er, 
IICt!n several tendrils of Bryonia dioica interlocked, bnt 
they subee<fucntly relell8ed one another. The tcndrils 
of the Echinooystis are also habituated to drops 01 
watcr or to rain; (or artifieinl min made by " iolently 
flirting a wet brush o,·er them produood 1101. the I~t 
~lTect. 

The revolving mOTement of a tendril i. not stopped 
by the curving of its extremity after it. has been 
touched. When one or the latern.l brnu('hea hIlS firmly 
dllllped an object, the middle branch continuC8 to 
rt"·oh-e. When a stcm is bent down and accureti, 80 

that the tendril dependa but is le(t free to move, its pre. 
vious revolving movemcnt is nearly or qllite stopped; 
but it 80011 begins to bend upwards, and as 80011 as it 
has beoome horizontal the re,'oIYing mOVNlI£'llt rooom
meoC(llJ. 1 tried thiJ four timC8; the tendri l generally 
rose to a horizontal posit ion ill an hour or all hour and 
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. a half; but in ODO coac, in which fl, tendril depended at 
an angle of 4.5° beneatb the horizon, the uprising took 
two hours; in balf an hour afterwards it fOlIe to 23" 
above the horizon Rnd then reoommcnood revolving. 
'fhis upward movement is illdcpendellt of the action of 
light) for it occurred twice in the dark, and on another 
~Mion the light came in 011 ODC side aloue. The 
mon:ment no doubt is guided by opposition to the 
force of gravity, WI in the case of the ascent of the 
plulllules of germinating soods. 

A tendril does not long retain its J'(J\'oh'ing power j 

and as BOOn WI this is lost, it bends downwards and 
oontracts spirally. After the rel'oh'ing mOl'cment 
has ceased, the tip still retains for a short time it! 
sensiti"cness to contact, but this can be of little or no 
USC to the plant. 

Though the tendril is highly flexible, and though 
lha extremity travels, under faYQurable circumstances, 
at about the ratc of 1lI1 inch in two minutes find iI. 

quarter, yet its sensiti" cne88 to contaet is 80 grrot that 
it hurdly over fails to eei1.e a thin stick placed in its 
path. 'rho foUowing case SurlJrised me much: I placed 
Il thin, smooth, cylindrical stick (and I repeated the 
experiment 1Ie,'en timcs) 80 far from Ii tendril, that 
its extremity could only curl half or tluoo-quarters 
round tho stick; but I always found that tbo tiJl 
managed in the course of a few bours to curl twicu 
or even thrice round the stick. I at first thought 
that this wa.s due to nl.IJid growth on the outside; but 
by coloured points lind IJlca.surements I lJfOved that 
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there had been no sensible increase of length within 
the time. \Vhen!l. stick, flat on one side. was 
similarly placed, the tip of tho tendril could not 
curl beyond tho flat surface, but coiled itself into 
11 helix, which, turning to one side, lay flat au the 
little flat surface of wood. In oue instnnco a portion 
of tendril three-quarters of Ull inch in length was thus 
dragged Oil to the flat surface by the coiling ill of the 
helix. But the tendril thus .acquires 0. very insecure 
hold, and generally after a time slips oft'. In one case 
alone the helix. subsequently uncoiled itself, and the 
tip then passed round and clasped the stick. The 
formation of the helix on the flat side of the stick 
apparently shows us that the continued striving of the 
tip to curl itsolf olosely iuwn.ffls gives tho force which 
drugs tho tendril round a smooth cylindricol stick, 
In this laUer ca.se, whilst the tendril 11'n.s slowly and 
quite insensibly crawling onwards, I observed seycral 
times through n lens that the whole surface was DOt in 
close contact with the stick; and I can understand the 
onward progress only by supposing that the movemellt 
is slightly undulatory or vermicular, and that the tip 
alternately strnightens itself a little and then again 
curls inwards. It thus drags itselt oDwards by aD 
in~en8ibly slow, alternate movement, which may be 
compared to thn.t of a strong man suspended by the 
ends of his fingers to a horizontal pole, who works his 
fingers onwards until he can grasp the pole with the 
palm of his haud. Howe\"er this may 00, the fact is 
certain that a tendril which has caught a rOUlld stick 
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with its cxtroruo poiut, can work itaclf onwards nntil 
it has I~ twico or even tllrioo round the Itick, 
lind h8Jj permanently grasped it. 

Hanbury", Mezioana.-Tho young internodes Bnd 
tend rils of this anomalous member of the family, revoh"o 
in the same m81lDflr and at about the laDle rate as tb086 
of the &hirwtyuil. l'bo stem does not twine, but can 
IIl1C('ud Rll upright stick by the aid of its tendrils. 
Tho conClwe tip of the tendril is vcry IIClLSitivo; after 
it had be<.'Omo TallidJy coiled into a ring owing to 

II single touch, it straightened itAClf in 50 m. Tho 
t('udril, whell ill full action, stsnds ,ocrtical1y up, with 

the projecting utremity of the young 8tem throlrn a 
liuJo on ono aide, 10 68 to be out of the way; but the 
tendril bear!! 011 tho inner side, ncar its base, II. short 
rigid brullch, which projectll out at right Bngles like 
a spur, \\itll tho laminal half bowed a little dowli' 
wards. li enCf', as the main vertical branch lC\"Oh·es, 
the spur, from its poIition and rigidity, cannot paM 
over the extremity of the shoot, in tho samo curious 
manner as do the three branchea of the tendril of tbo 
Ecliinocy.tu, Jlumely, by stiffening themsclvea at the 
proper point. 'fho spur ill therefore prt!88OCllaterally 
against the young.tetu in one psrt of the revoh·ing 
("{ourse, and thus the ..... eep of the IOll-er part of the main 
branch ill much restricted. A nice case or OIHUlaptation 
here comcs into play: in all the other tcndrih obeerved 
by me, the &everal branchcs become sensitive at the 
same period: had this been the CIl.8O with the Han/J1Irya, 
Ihe ill\\8rdly directed, spur·like branch, from being 
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pressed, during the revolving mon'ment, against the 
projecting end of the shoot. would infallibl~' ha'l"e 
seized it in 1\ 1lSCless or injurious manner. But the 
main branch of tho tendril, after revoh'ing for a tilllP 
iu a vertical po8ition, spontaneously bends downwards; 
find in doing 80, raises the spur-like branch, wllicl.:. 
itsetr alllO cuml8 upwards; 80 that by the80 combined 
moycmcnts it rises above the projeeting end of thfl 
shoot, and can now moye fredy without touching the 
shoot; and now it first becomes sensith·e. 

The tips of both branches, when they come into 
contact with a stick, grasp it like any ordinary tendril. 
But in the course of a few days, the 10'll'Cr surface 
swells and becomes developet1 into a eellu lar layer, 
which adapts itself clO8(!ly to the wood, flud firmly 
IUthcrca to it. 'fhis layer is analogous to tho ndh(>8ive 
discs formed by the extremities of the tendrils of 
iOrne species of Bigw.mia and of .A.mptlop-i,; but 
in the lfa1lburya the layer is developed along the 
terminal inner sUJ'face, 80metimes for a length of 

If inches, and not at the extreme tip. The layer 
is white, whilst the tendril i8 groen, and Denr the 
tip it is sometimes thicker tbaD the tendril if-self; it 
generally 8Jlreads a little beyond the 8id('1! of the 
tendril, nnd is fringed with f~ elongated cells, which 
hal'e enlarged globular or retort-shaped heads. Thill 
t-ellulnr layer apparently seeretcH HOrne reHinous cement; 
for its adhesion to the wood WfI.!!I not l(>8SCned by an 
illlmenion of 24 brs. in alcohol or water, but WIUI quite 
looeened by a similar immersion in ether or turpentine 
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After 0(1, tendril h(l.S OIlCC firmly coiled itself round 
a stick, it is difficult to imagine of what use the ad
hesive cellular layer can be. Owing to the slliroi 
contraction wbich 80011 ensues, the tendrils wero never 
able to remain, excepting in ono instance, in contac$ 
with a thick post or 11 nearly flat surface; if they had 
quickly become attached by means of the adhesj,'c 
layer, this would c\'idcntly hin-a been of service to the 
plant. 

The tendrils of B-ryOFlia dioica, Oucu.rbita ovijera, 
and auculllil3ati~'a are sensiti,'c and revolve. Whether 
the internodes likewise revoh-c I did not observe. I n 
Allguria JVarsccwiczii, the internodes, though thick 
and stiff, revoh-c ; in this plant the lower surface of 
the tendril, !!Omo time after clasping a stick, produces 
a coarsely cellular layer or cushion, whieh adapts itself 
dosely to the wood, like that formed by the tendril of 
the Hanburya ; but it is not in the leust adhesive. In 
Zanonia Indica, which belongs to a different tribe of 
the family, the forked tcndrils and tho internodes re
yolve in periods between 2 hrs. 8 m. and 3 hrs. 35 m., 
1UO" illg against the sun. 

VITACElE.-In this family and in the two following, 
namely, the Sapindaccro and PMIlifiornccce, the wndrils 
are modified flower.pedwlCles; and are therefore axial 
in their nnture. In this respect they differ from all 
those previously described, with the exception, per· 
haps, of the CucuIuita.ccre. The homological nature, 
ho\\'O\'cr, of a tendril seelllll to make no difference 
in its action. 
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Viii. vinifera.-'l'he tendril is thick aDd of great 
length i one from a vine growing out of <lOOT'S and nOl 
vigorously, Wag 16 inches long. It COllsists of n 
peduncle (A.), booring two branches which <li"crge 
equally from it. One of the branches (B) has R 
seRle at its 00sc i it is always. as fllr as I have aecD, 
longer than the other and often bifurcatcs. The 
branches ,,·hen robbed become cun'ed, and subse-

JIIf;.I. 
T ..... rllofIlMVl .... 

J.. hd,,_ of.-u. Co ....... -. 
1I.~--.'"tlI._"'l .. _ fl......,. of \loo"l"flOll\aIoof. 

qucntly straighten themselves. After a tendril has 
clasl,oo any object with its extremity, it oontrncts 
spirally; but this docs not occur (Palm, p. 56) when 
no object hIlS been seized. 'I'he tendrils move spon· 

The compl~te Work o f Charles Darwin Online ____ ~ 



138 c .... P. IV. 

tallcously from side to "ide; and on a very hot day. 
one made two elliptical revolutions, at an flvernge rate 
of 2 hrs. 15 m. During these movements a coloured 
line, painted alollg the convex surface. appeared after 
a time on one side, then on the concave side, then on 
the opposito side, and lastly again on tIle couyex side. 
'fhe two brnnches of th6 same tendril have independent 
movements. After a tendril has spontancously revoh'cd 
for il. time, .it beuds from the light towards the dark: 
I do not state this on my own IltIthority, but on that 
of Mohl and Dutroobet. Mohl (p. 77) says that in (L 

"ine planted against a wall the tendrils point towards 
it, Rnd in a vineyard generally more or less to the 
north. 

~'he young internodes revolve 8pontanoously; hut 
the movement is unusually slight. A shoot faced. i\ 

w-indow, and I traced its course on the glass during 
tW() perfectly calm and hot days. On one of these 
days it described, in the course of ten hours, a spire, 
representing two and a half ellipses. I also placed 
a bell-glass oyer a yotlng Muscat grape in the hot
house, and it made each day three or four Ycry small 
oml revolutions; the shoot moving less than half an 
inch from side to side. Had it not made at least three 
revolutions whilst tho sky was uniformly overcast, I 
should have attribnted this slight degree of moyemcnt 
to the varying action of the light. The extremity of 
the stem is more or less bent downwards, but it 
nover reverses its curvature, as 80 generally occurs 
with twining plants. 
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\Tarious authors (Palm, p. 55; Mohl, P. 45; Lindley, 
&c.) belic\'o that tho tendrils of tho vine are modified 
flower-peduncles. I here givc a drawing (fig. 10) of 
the ordinAry state of a young flower-stalk: it consists 

.... 1 .. 
Vlooww4aI.koiIboVl .... 

A.eoa....on ...... n_. C.fh""""""_,bovI"IIboIlo...,,..-' 
H.~"''''''-4wjlll._"!''bNo. 1).1 ... :..10 ... Il10''''' .... 1(&{. 

of tho "common peduncle" (A); of the "flower
tendril" (B), which is represented 118 having caught a 
twig; and of the "sub-pedunc)c" (0) bearing the 
flower-buds. The whole moves spontanoowly, like a 
true tendril, but in a less degree; the movement, 
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however, is greater when tho sub-peduncle (0) does 
not bear Dlany Hower-budB. The common peduncle 
(A) has not tho power of clasping a support, nor bas 
tho corresponding part of a truo tendril. Tho flower
tendril (n) is always longer than tho Buh-peduncle (0) 
and 11M a scale at its hMe; i~ sometimes bifurcates, 
aud therefore corresponds in every detail with the 
longer acale-bearing branch (B. fig. 9) of the trne 
tendril. It is, however, inclined be.ckwards from tho 
Hulrpedunc10 (0). or stands at right angles with it. 
and is thus adapted to aid in carrying the futute 
bunch of grapes. When rubbed, it cur\'eg and sub
sequently straightens itself; and it enn, lIS is shown in 
tho drawing, soourely clasp a slipport. I haye soon 
an object as soft as a young vino-loof caught by 
one. 

The lower and naked part of tho 8ulrpedunclo (0) 
is likewise slightly acnsitivo to a rub, aod I ha,oo seen 
it bent round a stick and even partly round a. lear 
with which it bad come into contact. That the sub
peduncle bas the SlUUe nature as the corresponding 
branch of an ordinary tendril, i8 well shown when it. 
bean only a rew flowers; for in this case it becomes 
leu branched, increases in length, and gains both 
in sensitiveness and in the power of spontancous 
movement. I havo twice seen sub-peduncles which 
bore rrom thirty to forty lIower-buds, and which had 
become considerably clbngntcd and were completely 
wound ronnd sticks, exactly like true tendrils. The 
whole length of another sub-peduncle, bearing only 
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eleven flower-buds, quickly becamo curved when 
~Iightly rubbed; but O\'CO this BCtInty Ilumber of 
flowcJ'8 renderoo tbe stalk less scnsiti,'o thun the 
other bn'mch, that is, tbo flower-tendril; (or tho latter 
after 1\ lighter rub became curved more quickly and 
in 8. greater degree. I bln"o seen a sub-peduncle 
thickly CO\"cred with flower-butu, with oue of its 
higher laterol bronchlcts benring from some couse 
(lilly tllO buds; all(1 thill oue branchlct had become 
milch elongated and had Hponto.nooualy caught hold 
of an adjoining twig; in fact, it formed a little sub. 
tendril. ']'he incrcaaing length of the sub-peduncle 
(C) with the decrealling llUmber of the flower-huds is II. 

good ill8t.anoo of the law of compensation. In accord· 
«lice willl this same ]lrincipic, the true wlldrillU! a whole 
is uhmys longer than the f1ower-stalk; for instance, 
till the Mme 1)lant, tho longest Jlower-fltlLlk (measured 
from tbe base of tbe common peduncle to the tip of 
the flowe .... tendril) was 8ft inehes in longtll. whilst tbe 
long(!St tendril was nearly double this length. namdy 
10 inches. 

l 'he gradations from the ordinary state of a flower
stalk, as representc<i ill the drawing (tlg. 10). to 
that of a true tendril (fig. 9) Bre complete. Wo ha,·o 
NlCU that the sub-peduncle (0). whilst still bearing 
from thirty to forty flower-buda. sometimes becomes a. 
little elongated and partially assumes e.ll the characters 
of the corresponding branch of a true tendril. From 
tbis state we call trace overy stage till we come to 
II full-sized perfect tendril. bearing Oil tho braneh 
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which corresponds with the sub-pwuncle one single 
flower-bud I Hence there can be no doubt that the 
tendril is a. modified flower-peduncle. 

Another kind of grodation well deserveB notice. 
Flower-tendrils (E, fig. 10) sometimes produce a few 
flower-buds. For instance, on a ville growing against 
my house, there were thirteen and twenty-two flower
buds respecti"ely on iwo flower-tendrils, which still 
retained their characteristic qualities of sensiti,'eness 
and spontanoous movement, butin a somewhat lessened 
degree. On vines in hoihouses, so many flowers Urt! 

occasionally produced ou the flower-tendrils that u 
doublo bunch of grapes is the result j and this is techni
cally called by gardeners a" eluster." In this state the 
~'hole bunch of flowers presents scarcely any resem
blance to a tendril j and,judging from the facts already 
given. it would probably possess little power of cliUlping: 
a support, or of spontaneous movement. Such flower
stalks closely resemble in structme those borne by 
Cissus. Tbis genus, belongillS to the same family of 
the Yitacere, produces well-developed tendrils find 
ordinary buncbesof flowers j but there are no gradfllions 
between tho two states. If the genus Vilis had been 
unknown, the boldest belic\"er in tho modification of 
species would nc\"er have sunnised that the same 
individual plant, at the sruno period of growth, 
would have yielded every possible gmdntioll between 
ordinary flower-stalks for the support of the flowel'!! 
dnd fruit, and telldriIs used exclusively for climbing. 
But the "ine clearly gives liS such d ease; and it 
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seem8 to me as striking and curiom an instn.nce of 
tmn8ition tiS can well be concei\'ed. 

CiuuB diBCOlor.- Tho young ~hoot8 show no more 
movement than can be accouuted {or by daily "ilriiltions 
in tho action of the light. The tendrils, however. 
re"ol\'e with much regularity. following the sun; and, 
in the planl.i obsen 'ed by mc, swept circle~ of about 
5 inches in diameter. :Five circles were completed 
in the following times:--4 h.rs. 45 ill., 4. IU8. 50 m., 
4 hra. 45 Ill,. 4. hra. 30 m., and 5 hra. Tho sarno tendri l 
OOlltinues to re,'olyo during three or four days.. The 
tendrils are from 31 to 5 inches in length. l'heyare 
formed of a loug foot-8talk, bearing two short branches, 
"-hich in old plants again bifurcate. Tho two bmnches 
arc 110 t of quito equal length; and as with tho ,-inc, 
tho IOllger ouo has II. scale at its base, l'he tendril 
8tands ,-ertically upwards; the extremity of tho shoot 
being beni abruptly down ..... ards, and this position is 
probably of serYice to the IJitmt by allo ..... ing the tendril 
to Teyo1\'e freely and ycrtically. 

&th branches of the tendril, whilst young, art: 

highly sensitiYc. A touch with a pencil, IJO gentle as 
only jU8t to mo\'o a tendril borne 9.t the cnd of 
il long fl exible shoot, sufficed to calUlO it to become 
peroelJ tibly curYed in four or five minutes. It became 
8tmight again in rather above one hour. A loop of 
soft thread weighing on&Se\"enth of a groin (9'25 mg.) 
was thrice tried. and Mch timo caused the tendril to 
becomo curyed in 30 or 40 Ill. Half this \\Cight pro
dnced no effect. Tho long foot·st.alk i9 much less 
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sensitive, for a slight rubbing produced no effeet, al· 
though prolonged contact with 0. st ick caused it to bend. 
'l'betwo branches are 8Cm~itive on all sides, so that they 
collverge if touched on their inncr sides, and diverge 
if touched Oil their outer sides. If a branch be touched 
at the SlUDC tillle with equal force on opposito sides, 
both sides are equally stimulated and there is no mo,'e
ment. Before examining this 1)180t, I had observed 
only tCIIIJrils which are sensitive on one side alone, 
and these when lightly pressed between tho finger and 
thumb become curved; but 011 thus pillching many 
times the tendrils of the CissuB no curvature ensued, 
and 1 falsely inferred at first that tlley were not at all 
sensitive. 

Oi8SU8 antarctuus.-The tendrils on a young plant 
lIere thick llIld straight, .... 'ith the tips a little curved. 
\Yhen their conclwe SurfllCes were rubbed, and it was 
necessary to do this with some force, they very slowly 
became cur\"ed, and subsequently straight again. 
'rhey are therefore much less sensitive than those of 
the last spc<!ics; but they made two revolutions, fol
lowing the Silll, rather moro rapidly, viz., in 3 IlTs. 30 ffl. 
ilnd 4 hrs. The internodes do not revoh·e. 

Ampelopsi! hederacea (Virginian Creeper).-Thc inter
nodes apparently do not mo\·e more than can be 
accounted for by tho varying action of the light. The 
tcndrils are !'rom 4 to 5 inches in length, with the main 
stem sell'ling off several lnternl branchcs, which hose 
their t ips cuned, as may be seen in the upper figure 
(fig . 11). They eKhibit no true spontaneous revolving 
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mo\'cwcut. but lum, as was long ago obecn'ed by 
Alldrt'w Knight: from the light to the durlL I han~ 

I;C('Il 8Cl'crnl tt.'lltlriJswove illlC&f lh'lll 2-1UUIII'II, through 

fi ll flllglo of 180~ to the dark side of II. CnHO ill whil'h 

.l plnnt W'lS pluced, but the mo,'ement is 8Ometimc .. 

IlIlleh s lllwcr, Tho 8C,'crailflt(lrni hrnnch(18 often mo\'c 

inti(lpendelltly of one !lnother, find 8('IIl(ltim(18 irreg-u. 

lurly, without allY flpparent cause, These tendrils Ill'\.' 

k'811 .sensitive to a touch than any othel'll oh!K!f\'ed by 

IDe, By ~nt1c but repeated rubbing with a twig, tllP 

laternl brnuchCII, but not the ml!.in 8teID, became in thl' 

{'()urso of three or four boun slightly curl'ro; but 

thl'y seemod to lun-c hardly allY po"-cr of again 

straightcning thClllse!,'es, The t(lmlrils ora plant whieh 

hall crilll Icd OY(lr 1l.1ll.rgo box-tree claspt'd !IC\'eml of the 
branches; but J have repeatedly 8('('n dlat they l1-ill 
witllliraw th(lm8Ch'cs aftersci;cing Ilstick. Wheuthey 

meet with n fll!.t 8urfnce of wood or a wall (anll Ihill 

is t'\'itielltly what they are adaptOO for), they tllm 

nil thrir branchCfl towards it, and, 8lln:ading thelll 
widrl), apart, bring their hooked tiJlil laterally iuto 

"untact widl it. In effecting this, the sel'cml branchE"<, 

aftN rouehing the snrface,ofteu rise lip, pl&<.."e thrill

lIt'\\'efI ill il new position, Ilnd again OOUl(1 dO\m into 
COntll('t willi it. 

III the course of about two days lifter 1\ tendri l 11115 
Ilrraogod its branches 80 88 to press 0 11 any surface, the 
curved tip8 swell, bcoome bright red, IIml form Oil 

• TnnL PhilSoe, 1812, P. 311. 
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their under-sides the well-known little discs or cushions 
with which they adhere fimlly. In ono case the tips 
were dightly swollen in 38 hra. nfter wming into 
contact with fL brick; in another case they were 
(,onsirlcrnbly swollen in 48 hI1l., and in an additiollal 
24 bra. were finnly attacbed to 8. smooth board j and 
!lU!Uy. the tips of a younger tendril lIot only IIwelled 
but became attached to a stucoocd wall in 42 hrs. 
These adhesive discs resemble, except in oolour and 
in being larger, those of Bigntmia co.preolaio.. When 
they were developed in ronMet with a ball of tow, the 
fibres were sepanltcly enve1oped, but not in 80 effective 
8 mallner 88 by B. Mpt'«Jiata. DiSCI are ne,"cr de
veloped, 118 far as I ha\-c seen, "f';iiliout the stimulus of 

lit lell8t temporary contact with some object.· They 
ure generally first fonned on OIlO side of the cun'ed tip, 
the whole of \I hich often lxx.'Om(>8 so much changed 
in appearance, that a line of the original green tissue 
can be traced only along the conCiwe surfa(."(!. ,,'hen, 
however, 0. tendril hIlS clasped 0. cylindrical stick, lUI 

imoguJar rim or disc is sometimes formed along tho 
inner surface at some little distallce from the cuned 

• Dr. 11'X.b ",mara (TnoM. adJwore 10 any.urface. Tbe kn· 
IJoI.. &II. Edinburgh. \..,] xi. p. dri!&, therefore. 'If 'lne .~ 'If 
292) tbd the tendril. of .Amp. .A"'~lopo'" require tile ~ti",uh'l 
VtUdii bM. •• lUll Blobnlnr d_ oreont.a~t 1\1. the lI .. tdo Yclopm<lnt 
heforetboyll.a'eoomeintooout.lct of their di...., .. hilll thole or 
witb allY objeel; .. ud I ha. ..... illce loother operlel do lIot ,-'. .. II,. 
oh.erved the _ f .. ct. TiIeie IlICh .timn! .... \V" hUII..en 1111 
dilft, howeur, ine_ !!"'Itly euct.ly p" .... lIcl CNlI .. ilh two 
hi me, If they p'" agailld and II*W of BiU-:_. 
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lip; this WIUI abo ohlienoo (p, 71) by iUoh!. The discs 
consist of enlarged cells, with smooth projecting hcmi
spb!'ricnllurfaoetl, ooloured red; t hey are at first gorged 
with flu id (1500 section g ivcn by Mohl, p, 70), but 
ultimately becomo woody. 

As tho di8C8 IIOOU adhere firmly to HUeh slllooth 

8urfac<'8 lUI planed or painted wood, or to thc polishetl 
leaf of the iT)" this alone renden it probable that 
IIOmo cement is secreted, as has been asserted to be 
the ctl!IC (quoted by MolII, p. 71) t"y :Malpighi. I 
remonl(1 a number of discs fonned during the pre\'ious 
year from a stucooed wall, and left them during many 
hows, in warm watcr, diluted acetic acid and rucohol; 
but the attAchetl grains of silel: wcre IUJt loosened. 
Immersion ill sulphuric cther for 21 lin. looscned them 
much, but warmed csscutial oi ls (I tried oil of thyme 
and peppermint) oompletely released o\'cry particle of 
stono in tho course of fL few hours. This HCenJll to pro\'C 
that BOrne resinoUil cemcnt is secreted. The quantity, 
bowe\'er, mUll' be small; for wben a plant I1lICended 
a thinly \o\hitcwasbed waH, tIle di!tC:8 adhered firmly to 
the white,,'uh; but as tho ccment !leYer penetrated 
the thin layer, they were easily withdrawn, together 
with little scales of the whitewash, Jt must not IX' 
SUI)poecd that tho attachment is ell'ccted excluijinoly 
by the cement j for the cellular outgrowth completely 
cll\'eiopes e"ery minute and irregular projection, aud 
illSLnnatc8 itself into every crevice, 

A tC'ndril which has not OOoome attached to any 
body, doee not contract spirally; and in course (}r a 

,2 
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lleek or two shrinks into the finest thrrod. withe I'!! anll 

dW(lI> off. .An attacbed tendril, on the other hand, 
contr8ctilspiraUy, and thus becomt'll highly eJasti('. flO 
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that when tho nlain foot-sta.lk i. pulled the IItrain i~ 
distributed equally between aJ l tbe attaehoo. dilK'8. 
For II. fow dllY' after the attachment of the dillC!!, Ihe 
tendril remains lII'eak and brittle, but it m]lidly increllS('S 
in tlticknC8.'l and acquirea great strength. During th(: 
folloll'ing winter it e<mses to live, but adberl!8 finnly in 
1\ dea.d state bot.h to its own stem and to the surflte(' of 
nUachment. In the accompanying diagram (fig. 11.) 
we lee the difft'renoo between 8 tendril (B) BOme weelul 

After its attachment to a wall, with one (A.) from tht> 
sarno plant fnl1y gro\l\'1l but unattached. 'l'hat thf' 
ehange in tho nature of the tiSllUC'8, AS IIell AS th .. 
spiml contraction, lire consequent on the formation of 
the di.ll<'K, i! wclillhown by any lat('rnl hmncht'!l which 
have not become attached; for thC86 in II. WCi'k or two 
wi ther nntl drop off, in the 8II.Ule manner fL8 does the 
whole tendri l if unattaebod. The gain in strength 
and durability in a tendril after its atta.chment ill 
BOUiothing wonderful. There are tendril. now adhering 
to my house whieh are still strong, and have been 
exposed to tho weather in a dead state for fourteen or 
fifteen years. Ono lingle lateral bmllehletof a tendril, 
eetimatoo. to be at loost ten years old, WfL8 still clastic 
Ilnd IUpported a weight of exactly two pounda. The 
wholo tendril hnd five disc-bearing bmnchCfl of equal 
thickne88 and apparently of equnl strength; 80 that 
after having OOcn exposed during ten yelll'8 to the 
.·cather, it would llrobtl.bly have resisted a strain of 
ten pounds! 

SA.PIYOAcE£-CardioJpermum /lalitaatbt.m.-In this 

The Co"plete ~ork of Chari 0 



150 CUAP. IV 

family, us in tho last, the tendrils are modified flower
peduncles. In the present plant the two lateral 
bmncbes of the main flowcr-pedlmcle have been con
\'ertOO into a pair of tendrils, corresponding with tht'l 
liingle "flower-tendril" of the common vine. The 
main pedunclo is thin, stiff, and from 3 to 4! inches in 
length. Near the summit, above two little bracts, it 
divides into three branches. The middle one divides 

~lg. 13. 

~II«I~ ... 
Uppupa:\ott.b,-"""'IID<Ie"It.bltal ... L<ndrlla. 

and re-dividcs, and bears the flowers; ultimately it 
grows half as long again as tho two other ll\odified 
brunches. These lat1cr are the tendrils; they ure at 
first thicker and longer than the middle branch, but 
never become more than an inch in length. '1'hoy 
taper to a point and aro flattened, with the lower 
clasping surface destitute orhain. At first they project 
straight up; but soon di\'crging, spontanoously curl 
downwards 80 as to become symmetricallyund elegantly 
hooked, as represented in tho diagram. 'f heyaronow, 
whilst the flower-buds are still smail, ready for 
action. 
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Tho two or throo upper internodes, whilst young, 
steadily revolve; th086 on one plant made two circles, 
against the oourse of the sun, in 3 hrs. 12 m.; in a 
second plant the lJaD)e oourse was followoo, Bud the 
two circles were completed in 3 hrs. 41 m.; ill a tbird 
plaut, the internodes followed the sun aud made two 
circles in 3hrs. 47 m. The average rate of these sil: 
revolutions was 1 hr. 46 m. The stem shows no 
tendency to twine spirnlly round a support; but. the 
allied teudril-beo.ring genus Paullinia is said (Uohl, p. 
4) to be a twiner. The flower-peduncles, whieb stand 
up aoo"e the end of the shoo~ are carried round Bud 
round by the revolving movement of the internodes; 
and when the stem is soourcly tied, tho long and 
thin flower-peduncles themseh'es are soon to be in 
coutinued and sometimes rnpid movement from side 
to side. They sweep a wide space, but only occasion
BUy revolve in a regular elliptical oourse. By the 
oombined movcmcnt8 of the internodcs and peduncles, 
one of the two short hooked tendrils, BOOner or latcr, 
catches hold of some twig or branch, a1l(1 then it curls 
ro\lnd aud securely grasps it. These tendrils are, how
ever, but slightly flCnsiti,'e; for by rubbing their under 
IlIl rface only a slight movement i3 slo\\ly produced. 
1 hooked a tendril on to a twig; and in 1 hr. 45 m. it 
\\'08 curved oonsiderably inwania; in 2 hra. 30 m. it 
formed a ring; and in from 5 to 6 hours from being 
lirst booked, it ci08(!ly grasped the stick. A BOOOnd 
tendril IWted at nearly tbo same rate; but I ohien-ed 
one that took 24 hours before it curled twice round Ii 
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thin twig. Tendrils which ha\'e caughttlOthing, spon
tnucously curl up to (I. close helix aftcr tbe inter· 
val of se,'ernl days. Those wbich hl\\'o curled round 
somc object, soon become a little thicker and tougher. 
Tho long and thin lllilin peduncle, though sponta
ncously moving, is not sensiti" e and never clasps il 

support.. Nor docs iten:r contract spirally,· although n 
contmction of this kind apparently would have been of 
);{>f\'ice to tile plant in c1imbiug. Nevertheless it 
climbs pretty wcll withont this aid. 'fhe seed-capsules 
thongll light, are of enormous sizo (hence its English 
name of balloon-vine), und as two or three are carried 
on the &uuo peduncle, the tendrils rising close to 
them may be of sen'ice in preventing their being 

dashed to pieces by the wind. In the hothouae the 
tendri ls served simply for climbing. 

'fhe position of the tendrils alone suffices to show 
their homological nature. In two illstllnees one of 
two tendrils produced Il flower at its tip j this, however, 
did not prevent its acting properly and curling round 
u twig. In a third ease both laterm bmnches which 
ought to huve been modified into tendrils, produced 
fl owors liko t he oentml bronch, and had quite lost 
their tendril·structure. 

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

• jo'riLz ~Iiillerremarb (;bid.p, thBt the oommon p""hmcle 00'" 
JHS)lla.t .. rela.tedg(ln<U!,Serjall.ia., In.cl' .pirally,wileu,ur""luenlly 
<litren rrom Caniioopermum In happem, the tendril 10 ... claspox' 
lle*ringQnly .. . iagie lendrH; and the plant'. own Item. 
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Paullinia. It ..... as not in floll'er, yet bore long forked 
tendrils. So ulat, Paullinia • ..... ith respect to ita tendrils, 
"PllOOrs to bear the sallie relation to lllrdio.lpernlulII 
that Ciuu. docs to Filii. 

PASSIFLORACE.£..-After reading the WAcussion lind 
fuels gi\'on by MoM (p. 47) 011 the nature of the 
tendrils in this family, 110 one can doubt that. they are 
modified flo ..... er-pcdunelca. 'rhe tendrils and the 
flo ..... er.peduncles rise cl()lle aide by side; and my SOli, 

William E. Darwin. made sketches for me of their 
earliest state of development in the hybrid P.jlo-r·jlJ1.HlM.. 
The t ..... o organs appear at fil1ltas asingle papilla which 
gradually divides; 80 that the tendril appeal1l to be a 

• modified bronch of the flower-peduncle. Uyson found 
one very young tendril surmounted. by traces of florol 
organs, exactly like UI080 on the summit of the true 
flo ..... er-peduncle at the same early age. 

PauiJl<wagraeilir.-This well-named, elegant,anmml 
species differs from the other members of the group 
oheen'ed by me, in the yowig internodes having the 
po ..... er of rel·olving. It exceeds all the other climbing 
plants ..... hich I hal'e examined. in the rapidity of its 
movements, and all tendril-bearers ill the sensitiveness 
of the tendrils. The iuternode which camcs the upper 
active tendril and which likewise carries one or two 
younger immature intcmodcs, made three revolutiolls, 
following the sun, at an a\'ernge rnle of 1 hr. 4 m.; it 
then made. the day becoming "ery hot, three other 
revolutions at an average rtlle of between 57 aDd 
58 m.; SO tbat the a\'eroge or all su revolutions WLU 
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1 hr. 1 m. The apex of the tendril describes elongated 
ellipses, sometimes Darrow and sometimes broad, with 
their longer axcs inclined in slightly different direc
tions. 'l'ho plant can ascend a thin upright stick by 
the aid of its tendrils; but the stem is too stiff for it 
to twine spirally round it, O,'Oll when not interf<'red, 
with by tho tendrils, these having been successively 
pinched off nt an early age. 

When tho stem is secured, the tendrils are seen to 
f6l'ohe in Iloody the same mllllDer and at the same 
rate as tho internodes.· '1'he tcndriJI are very thin, 
delicate, and straight, with the exception of the tipe,. 
which are II. little curved; they are from 7 to {I inebet ~ 

in length. A hair-grown tendri.l is not sens.iti,'o j but 
when nearly fu ll-grown they are extremely scllPlitivc. 
A single delicate toueh on the concave surface of the 
tip soon caused ono to curve; and in 2 minutes it 
formed an open helix. A loop of 80ft thread weighing 
nnd of a grain (2'02 mg.) plaood most gently on the 
tip, thrice caused distinct curvature. A bent bit of 
tbin platina wire weighing ollly ioth of a groin (1'23 
mg.) twice produced the samo eft'ccl; but this latter 
weight, when left suspended, did not suffice to cause 0. 

permanent curvature. These trials wero made under 
a bell-glass, 10 that the loops of tbread and wire were 

• 1'rof. A ... Oray Infurm, me tcmpolnlunI Tarylng from 88"-92" 
thAt Ute tendrllt of P. fieJlOida Fahr.} III the follo ... iug 11_, 
rum", "Ten ~t .. quid ...... rate 40 In., U m., SSf m .. ~"d 46 m 
tlw> thOM of 1'. ~j,; four Ooe h .. U-te,ohllloa 
JeTo1lltioDa .. ere oompleted (the ronueclill Him. 
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not agitatoo by the wind, 'rhe movement after a touch 
i8 n~ry ropid: 1 took hold of .. the lower part of IC"eral 
tendrils, and ihen touched their oonea'"e tips with a 
thin twig and watched them carefully tllrough a lens j 
the tips e"idcntly began to bend afrer the fo llowing 
intef\'al8--31, 25,32,31,28, 39,31,and 30 seconds; 80 

that the mo,'ement waa generally perceptible in hnlf il. 
minute afrer a touch; but on one oecnsion it wns 
distinctly visible in 25 sooonds. One of the tendrils 
which thus became bent in 31 aeeonds, had been 
touched two hours previously and had coiled Into a 
helix j 80 that in this interm.l it had straightened 
itaelf and had perfootly rccxwered its irritability. 

To ascertain how often the same tendril would 
booome curved when touched. I kept IL plant in my 
study, which from being cooler thall the hot-holl8O n'ns 
not yery fa"ourable for the experiment. The extremity 
WfUI gently rubbed four or fi.'"e times with IL thin stick, 
and this wns done 88 often fl8 it W88 oheen'ed to have 
become nearly stroight again af1('r hrn"ing been in 
action j and in the course of 54 hn. it answered to the 
stimulus 21 times, becoming ooch time hooked or 
spiral On the last oceasion, howc,·er. tho mO"ement 
WILlI very slight. and soon afterwards pemlanent sl,iral 
contraction commenCil<1. No trials were made during 
the night, 10 that tho tendril would perbaps have 
aruwered a greater number of times to the stimulu8; 
though, on the other hand, from ha"illg no I'CIlt i t 
might have become eAAausted from 110 many quickly 
repeated efforts. 
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1 repeated the experimellt made on the Echinoc!llij., 
and placed 8j:m~ral plsnJ! of this P(lmjlora 80 c10ee 
together, that their tendrils were repeatedly dragged 
OH~r each other j but no oun'sture ellslled. I likc\\'ise 
repeatedly flirk-d small drops of water from a brush 011 

lIlaoy tendrils, and syringed others 80 \'iolently that 
tho whole tendril was dashed about, bllt they nover 
became curved. l'he impact from the drops of water 
WlUl fclt far more dilltinctiy 011 my hand than thatfrom 
the loops of thread (weighing ~nd of a grain) when 
ulloll'oo to fall 011 it from 0. height, and these loops, 
lIuich caused the tendrils to become curved, had been 
Illi1.C<!d ID08tgentlyon them. Hence it is clear, thattbe 
tendrils either bare become habituated to the touch of 
other tendrils and drops of rnin, or that they were from 
the first rendered scnsiti,'o only to prolonged tbough 
cxeessi,'cly sUght pressuro of solid objects, ,,;th the 
{'xelusioll of thnt from other tendrils. To s.how the 
differeuce in the kind of &ellsitivenc8!I in different plnnts 
and likewise to sholl' tho force of the syringe used, 1 
may add that the lightest jet from it instantly caused 
the lea\'cs of a J[iTrWlQ, to close; whereas the loop of 
thread weighing i'1ud of a grain, when rolled into a 
bnll and placed gently on tlle glands nt the OOscs of 
the leaflets of tho MimOlM, eaused DO action. 

PamJlora pUndata.-The internodes do not mo,·c, 
but tlm tendrils revolve regularly. A 118lf-gro""lI. and 
vcry BCnsitil"O wndril mado three revolutions, opposed 
to the course of the sun, in 3 hn.. 501., 2 hrs. 40 Ill., 
and 2 hrs. 50 Ill.; perhaps it might have travelled more 
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quickly when nearly full-grown. A plant was IJlaccd 
ill front of flo window, and, as with twining stems, the 
light accelerated the movement of the tendril in on6 
diroction and remrded it in the other; tho scmicircJp 
towards the light being performed in one instiIJlCC in 
15 m.less time and in II. second insmnce in 20 m.lcss time 
than that required by the scmicirele towards the dark 
end of tbe room. Considering the extreme tenuity of 
these tendrils, the action of tbe light on them is 
remarkable. The tendrils are long, and, as just stilted, 
very thin, with the tip slightly curved or hooked. 
The concave side is extremely sensitive to II. toucb
even a single touch causing it to curl inwards; it 
subsequently straightened itself, and was again ready 
to !\Ct. A loop of soft thread weighing hth of a grnin 

(4'625 mg.) caused the extreme tip to bend; nuother 
time I tried to hang the SlIme little loop on an inclined 
tendril, but three timeg it slid off; yct tbis extra.· 
urdinarily slight degrceof friction sufficed to make the 
tip curL The tendril, thOllgh so sensitive, does not 
move very quickly after a touch, no oonslJiclloUS move
ment being observable Ill}til 5 or 10 m. had elapsed. 
The convex side of the tip is not scnsitive to a tOUell 
or to a suspended loop of throod. On one occllSioll I 
observed a tendril revolving with the CODvex side or 
the tip forwards, and in consequence it was Dot able 
to clasp a stick. against which it scraped; II'hereus 
tendrils ro\'olving with tho concave side forwllnl, 
promptly 8Cize any object in their path. 

Pauijl(1I'a quadrangulari8.- This is a ycry distillc. 
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avec-iea. The tendrils are thick, long, and stiff; they 
arc acnsiti,'o to a touch only on the oonca,'O lSurfu.ce 
towards the extremity. When a stick ""8.8 placed 90 

thnt the middle of the tendril Mme iuto oontactwith it, 
no eurmture ensued. In tho hothouse 8. tendril made 
two revolutions, each in 2 hra. 22 m.; in II. cool room 
ono was completed in 3 hl'8., and fl. second in 4 bra. 
'rhe internodes do not TCvolve j nor do those of the 
hybrid P.Jloribv:nda. 

Taceoni4 manica/a.-Here again the internodes do 
not re\·olvc. The tendriJ8 are moderately thin and 
long j one made a DarroW ellipse in 5 hrs. 20 m., and 
tho IIcxt day a broad ellipae in 5 hra. 7 m. The 
extremity being lightly rubbed on the concave surface, 
became just perceptibly curved in 7 10., distinctly in 
10m., nnd hooked ill 20 m. 

Wo 11Iwc sccn that the tendrils in tho lnst three 
familiCll, namely, the Yitacere, Sapilldaceoo and P tlSSi. 
lIonlC(!a', are modified flower.peduncles. This ill like-
wise tho ca.w, according to Do Candollo (as quoted 
by Mohl), with tho tendrils of B,..Hlnicliia, one of tho 
Polygolll\('cre. In two or three species of Mod8cea, one 
of the Ptl.po.yacere, the tendrils, lUI I hear from 
pror. Oliver, occasionally bear Howers and rruit; 80 

that they are axial iu their nature. 

Tl~ Spiral Contraction oj Tendril,. 

Thi~ movement, which shortens the tendrils and 
renders them elastic, oommencca ill half" day, or in Il 

day or two after their extremities have caught some 
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objl'<.'t. There ill no 8uch mO\'cment in any leaf
climber, with the exception of an occasional traoo of 
it in the petiol~ of 'l'T"Optftllum tri«!lorulli. On the 
other hand, the tendrii9 of aU tendril-bearing planls, 
contrilCt I!pirally after they have caught an object with 
tho follo"blg exceptions. Firstly, Cory!U.Ju claviculata, 
bllt tllen this plaut might be Clllled a lcaf-dimbcr. 
Sooomlly and thirdly, Bignonia tlngui. with its c10B6 
IIlIies, and Cardiofpermuln; but their tendrils nre 80 
short that their contraction could hanlly occur, and 
wonld be quite superfluous. }~ourthly, SmilfU a'pera 
ofTcrtI a more marked except ion, lUI its tendrils are 
moderately long. 'f he tendrils of Dicentra, whilst the 
plant is young, are short (IIlU lifter attachment only 
become slightly flexuous; in older plllnts they are 
longer and then they contract spirally. I ha\'e seen 
no other e:x~ptions to the rulo thnt tendrils, after 

c1&Sping with their extremities a support, undergo 
spiral contraction. " 'hen. howe\'er, tho tenclril of Ii. 

plant of \\-hieh tho stem is immovably fixed, catches 
80rne fixed object, it does not contract, simply because 
it cannot; this, howe\'er, rarely oceUI'S. In the 
cornmOIl Pea the lateral branches !l.lono contract, and 
!lot the ~Iltral stem; nnd with moet plants, 8uch ns 
tho Ville, passinorn, Bryony, tho 1mBal portion uover 
(onns aspire. 

I ha\'o said that in Oorydali& tlavicuklto. tho end of 
tho leaf or tendril ((or this part may be iudi fferen tly 
10 called) does not contract into a spire. The 
bronchlcts, howo\'er, after they have wound round 
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dun twigs, become deeply sinuous or zigzag. Uore
o,"er the wholo cud of the petiole or tcndrtl, if it seizCll 
lIothing. bends after II. timo nbruptly downwards Ilmi 
inwards, showing that its Qut(!r surface has gone 011 

growing after the inner surface hos ceased to gro\o\. 
'l'hat growth is the chief caUlle of tbe spiml contrnc
,ion of tendrils lllily be safely admitted, as shown by 
tho recent rCSCllrche8 of H. de Vrics. 1 will, hOWCH).f, 

ndd on6 little fILet in support of lhis conclusion. 
If the short .• ncarly straight portion of an atto.ched 

tendril of Pamjlora gracUu, (snd, as I believe, of otber 
tendrils,) between the opposed spires, be examined, it 
will be found to be tmnsn!rsely wrinkled in a con
IIpicuoll8 malluer on the olltside; and this would 
llaturally follow if the Quter side Imd g rOlnl more thun 

the inner side, this part being at the same time 
forcibly prevented from becoming C'urn::d. So again 
the wholo out(>r surface of a silirnlly wound tendril 
become!! wrinkh·<J ir it be pullNi straight. Ke\"erthell'S8, 
lIiI the contrnction trn\'els rrom th(\ extremity of a 

tf'ndril, after it bRS been stimulated by contact. with II 
support, down to the base, I CUll not Hyoid doubting. 
from reasons prt'8('ntiy to be given, whether tbo wbolo 
('ffect ought to be attributed to gro .. ,th. An unattaehed 
t{'n<iril rolls it9('Jr up into a flat h{'iix, ItS in the case of 
CaroiospC'nliuDl, if the contraction commences at tile

extremity and is quite reglllM; bllt. if the continlle-d 
growth of the ollter SllrfaN is n littJ(' lateral, or if the
process begiulIlle-at the base, tho t('rminal portion Clln

not be rolled up within the oosal portion, and the 
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U!ndril then fOnIll" a more or leas open spire. .A 
similar result fol101l1l if the extremity has caught 
some object. and i8 thus held fast. 

The tcndrila of many kinda of plants, if they catch 
nothing, contract after an illtcnal of fJ(lveral days or 
weeks into 8 spire; but in those CMC8 the movement 
takes plllCO after the tendril has l08t il3 revolving 
power and hangs down; it has also then partly or 
wholly l08t ita sensibility; 80 that this movement can 
be of no use. The spiral oontraclion of unattached 
tcndril. is IL much alower process thall that of attached 
Olles. Young tendrils which have caught a support. 
and arc Sllinl.lly contracted, may oollstantiy be IIC(>n on 
the same stem with the much older unattached and 
UIlCOlltmcted tendrils. In the EchitWCyllit 1 hfwe seen a 
tendril with the two lateral branchca encircling twigs 
and contracted iuto beautiful 81,irca, whilst the main 
branch which had caught nothing remained for many 
day. straight. In this plant I once observed a main 
branch after it had caught a Slick become spirally 
flexuous in 7 hn.., and spirally oontracted in 18 Ius. 
Generally the tendril. of the illiraocyliU begin to 
oontract in from 12 hrs. to 24 hl"8. after catching 
sollie object; whilst unattached tendrils do not begin 
10 oontract until two or three or eveu more daye after 
all revolving movement has ceased. A full-grown 
tendril of Paaijl()'l'Q, quMrangula,;, l\'hich had caught 
11 stick began in 8 hl"8. to contract, and ill 2 .. hrs. 
fonned eel'cral 'pires; a younger tendril, only two
thirds grown, showed the first truce of contraction iu 
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two days after clasping a stick, and in two more 
days formed several spires. It nppMNI, therefore, that 
the contraction does not begin until the tendril is 
grown to Dearly its full length. Another young 
tendril of about the same age and length as the last 
did not catch any object j it acquired its full length 
in four da)'i; in six additional days it first becrune 
flexuous, and in two more daya fonned onc com
plete spire. This first spiro was formed towards tho 
basal end, and the contmctioll steadily but slowly 
progressed towards the ape::s:; but the whole WIL8 not. 
closely wound up into a spire until 21 days had 
elapsed from the first obllcnation, that is, until 17 
days after the tendril had grown to ita full length. 

'fhe spirol contraction of tendrils i8 quite indepen
dent of their power of 8pontanoously revolving, for it 
occurs in tendrils, such as thoae of LaJhyrm grandi
jio"" and Afllpelopti. luJera«4, which do not. re\·oh·e. 
It is not ncecssariJy related to tho curling of tho tips 
round a support, as \\'0 sec with tho .1mpe10ps.is Bnd 
Bigmmia capr«Jlata, in which tho development of 
lIuhcrent discs suffices to cause spirot contraction. 
Yet in some 1)ase8 this contraction seems connected 
with the curling or clasping movemellt, dne to contact 
with 8. support; for not only does it.IIOOD follow thia 
!lct. but the contraction generally begins close to the 
curled extremity, and travels downwards to the be.se. 
If, however, a tendril be very slack, the ..... hole length 
utmost simultaneously becomes at first flexuous and 
then spiral. Again, the tendrils of some few plantli 
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neyer contract .pirally unless they hal'e Ant seized. 
hold of .orne object; if they catch nothing they hang 
down, relllAining straight, until they wither and drop 
off: thi8 i8 the case with the tendrils of Bignonia, 
which consist of modified leaves, nnd with tl1086 of 
tbree genera of the Vitacere, which are modified 1I0wer
peduncles. But in the great majority of casee, tendril! 
which haye never come in contact · with any object, 
after a time contract spirally. All these facts taken 
together. thow that the act of clasping a support and 
the 8piral contraction of the whole length of the 
tendril. are phenomena not necessarily connected. 

The spiral contraction which eD.l!ues after a tendril 
has caught a support i. of high /lefl'ice to tho plant; 
hence ita aimOfit uni" ersal occurrence with 8~ies 
belonging to \o\idely different orders. When a shoot 
is inclined and ita tendril has caught an objeet aboTe. 
the 8piral contraction drags up the shoot. When:the 
Ihoot is upright, the growth of the stem, after the 
tendrils have 8C.ized lOme object above, would leare it 
sJack, were it not for the spiral contraction which 
dra~1I np the stem 88 it increases in length. Thus 
there i. no \11"81116 of growth. and the .tretched stt'"m 
ascends by the shorlcst course. When a tenninnl 
branchlet of the tendril of Cobmn. catches flo stick, \I e 
have BOOn how well tho Bpiml contraction 8ucces!lively 
brings the other branchlets. one after the othe.r, into 
contact with the Slick, until the wbole tendril gmsps 
it in an inextricable knot. When a tendril ha&alugbt 
a :rielding object, tbis is 80mctimee enveloped I.1Id 

» 2 
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It ill further accured by the spiral folda, as I have seen 
with PlUSiflora quadranflUlarn; but this action is of 
litt.lo importance. 

A far more important eervice rendered by tho spiral 
contraction of the tendrils is that they are thus made 
highlyelMtic. As before reIn&rked under Ampelopsis, 
the strain ill thm distributed equ.a1ly between the 
several attached brancbes; and this renders the whole 
(Ilr stronger than it otherwise would bo, 118 the branches 
cannot breakseparawly. It is thia elasticity which l)~ 

tects both branched and Kimple tendrils from being tom 
away from their IUp(M)rts during stormy weather. I 
hlwe more than once gone on purpoee during a gale to 
watch a Bryony growing in an oxpoiCd. hedge. with 
its tendrii8 attached to the surrounding bushes; and 
lUI the thick and thin branches were tossed to and fro 
by the , .... ind. the tendrils, had they 1I0t been excessil'ely 
elastic, would illlltantly ba\'o been tom 011' and the 
plant. throv."D. prostrate. But 88 it was. the Bryony 
/l8.fely rode out the gale, like a ship with two anchors 
down, and with 3 long ra.nge of cable ahead to scne 
as a spring 811 sho surges to the storm, 

When an unattached tendril oontracu spirally, the 
IiIpire always runs in tho sarno direction (rom tip to 
base, A tendril, on the other hand, "'hieh has caught 
a support by ita extremity, although tho MIlle aide is 
concQ\'e from end to end, iuyariably beoomes twisted 
in one part in one direction,and in another part in the 
opposite direction; the oppositely turned spires being 
separated by a short straight portion, This cllrious 
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and symmetrical structure has been noticed by leveral 
botanists, but has not. been sufficiently explained.· It 
occurs without oxooption with aU tendrils which after 
catching an (lbject contract spirally, but is of course 
moat oorupicllous in the longer !.cndrils, It never 
occurs with uncaught tendrils; and when this appears 
to h",'e occurred, it will be found that the tendril had 
originally seiwd some object and had afterwards been 
tom Cree. Commonly, all the spires at one end of an 
attached tendril run in one direction, and all thoee at 

..... 
.\<OoaIM_"''''"-''-.JpInoIl1 .......... bo,. ...... ~ 

the other end in the opp<lfIite direction, with a single 
short straight portion in the middle; but I hue seeD 

a tendrill\"ith the spirea alternately turning five times 

• 8M M. hld. Uoa III Buli. wind Illto •• pl ... whlc:h, "tl()U 
Boe. DoL do FraoC(!, 1011>. 1'. 1858, the tendril II m.de t." .1 both 
".680. Dr. N. de Vri. poillUo ulreml!leoo, mll&t ot _il,. be 
ou.t(p.S06)~tlb"91'erlooked, in IIOIIIt pM. to tho right, III 
in tbe fi,*, edilinll ot Ihilc _Y. otben to the I~n." Uut I .... DOl 
t.bo follo .. lu, .u'- by lIohl: IJDllINed lhet IhlJ brlef ... -. 
~ AAu • teDdrll hN c-ugbt. withoul .oy tW1iler uplaMtioa 
euppnrt,lt~ID_d.r.,.'to did_.tt..rt.m,..ttellUna. 
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in opposite directions, with straight pieces between 
them; and M. Leon has seen se,'en or eight snch 
alternations. 'Yhether the spires turn once or more 
than once in opposite directions, there are as mmly 
tums in the one direction as in the other. For 
instance, I gathered ten attached tendrils of the 
Bryony, the longest with 33, and the shortest with 
ouly S spiral tunUi; and the number of turns in the 
one direction was in Cyery case the same (within one) 
as in the opposite direction. 

,!'he ellplanation of this curious little fact is not 
difficult. r will not attempt any geometrical reasoning, 
but will give only a practical illustration. In doing 
iilis, I shall fuat have to allnde to a point which was 
almost passed over when trenting of 'rwini ng-pJants. 
If we hold in onr left hand !l. bundle ofparnllel strings, 
we can with our right hand turn these round and 
round, thus imitating the revohing mo\'ement of a 
twining plant, and the strings do 1I0t become twisted. . 
.But if we hold at the sarno time !l. stick in our 
left band, in such a position that the strings become 
spirnlly turned round it, they will ine"itably become 
twisted. Hence a straight coloured line, painted along 
the internodes of a twining plant before it has wound 
round a support, becomes twisted or spiral after it has 
wound round. I painted a red line on the straight 
internod~ of a Humulus, Mikania, Oe'ropeuia, Ctm-
t1Olvulu" and Pl~"", and saw it reoome twisted as 
the plant wound round a stick. It is possible thai 
the stems of some plants by spontaneously turning on 
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their own axes, at the proper rute and iu the proper 
direl'tion, might avoid becoming twisted; but I have 
IIOOU uo such case, 

[n the above illustration, the parallel stringa were 
wound rouud a stick; but this i.g by no mCBna ueees. 
sary, for if wound into a hollow coil (a.s can be done 
\'ith II. narrow 8lip of elll8tie paper) thero is the IliIllie 
inevitable twisting of the axis. When, therefore, a f~ 
tendril coils itself into a spire, it lliust either become 
h'isted along iu ""hole length (and this ne"er occurs). 
or the free cxtremity must turn round lUI many t imes 
IL8 thcre are spires fonned. It W88 hardly ncce88ll.ry 
to ob8erve this fact; but I did so by affix ing little 
paper ,'anes to the extreme points of the tendrils of 
EchitWCy8ti, and Pauijlora quadf'angularil; and as 
the tendri l cOntracted itself il\to successive Sllites, the 
vllno slowly revolved, 

\ Ve can now understand the menning of the sllires 
being invariably turned in opJXNIite dirretions, in 
tendrils whic.h from having caught some object are 
fixed at both cnds, Let us suppose a caught tendril 
to make thirty spiral tlUtlS all in the 8Ilme direction; 
the inevitable result would be that it would become 
twisted thirty times on its own axis, This twisting 
wonld not only require considerablo force, but, as I 
know by tr ial, would burst the tendri l before the thirty 
turns were completed. Such CJL'iCII ne"cr really occur; 
for, as already Htated, when a tendril lilUl caught a 
support and is sllimlly contracted, there are a"\1lYs 
a.a lllany turns in one direction as in the other; 80 that 
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the twisting of the axis in the ODe direction is exactly 
compensated by the twisting in the opposite direction. 
We can further see how the tendency is given kt make 
the later formed coils opposite to those, whether turned 
to the right or W the left, which are first made. Take 
a piece of string, and let· it hang down with the lower 
end fixed to the floor; then wind tho upper end 
(holding the string quite loosely) spimlly round Il. per
pendicular pencil, and this will twist the lower part of 
the string; and after it has been sufficiently t.wisted, it 
will be seen to curve itself into an open spire, with tllO 
curves running in an opposite direction to those round 
the pencil, and consequently with a straight piece ot 
string ootween the opposed spires. In short, we ba\'(> 
given to the string the regular spiral arrangement of a 
tendril caught at both ends. The spirol contraction 
generally beg\ns nt the extremity which has clasped II. 

support; and these first-formed spires give a t"'ist to the 
axis of the tendril, which necessarily inclines the basal 
part into an opposite spiml cunnture. I cannot resist 
giving one other illustration, though superfluous: 
when a haberdasher winds up ribbon for a customer, 
he does not wind it into a single coil; for, if he did, 
the ribbon would twist itself as many times as there 
were coils; but he winds it into a figure of eight on 
his thumb and little finger, so that he alternately 
takes turns in opp06ite directions, and thus the ribbon 
is not twisted. So it is with tendrils, with this sole 
difference, tMt they take sal'eral consecuti\'e turns in 
one direction and then the SIlme number ill an opposita 
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direction; but in both cases the self-twisting i3 
avoided. 

Summary 011 til. Nature and Attiola oj Tendril., 

With the majority of tendril-bearing plants the young 
internodes revolve ' in more or less broad ellipses, like 
those mado by twining plants; but the 6gurc8 de
scribed, when carefully traced, generally form irregular 
ellipsoidal spires, The rate of revolution ,'o.ries from 
one to five hours in different species, andooll..fJequently 
is in some cases mote mpill than with any twining 
plant, and is ne"er 80 slOI'l" as with those many twiners 
which take more than 6"e hours for cach revolution, 
The direction is variable even in the samo individual 
plant. I n Pam"}l<wa, the internodes of only one 
species ho.ve the power of revolving. 'I'he Vine is 
the weakest revolver observed by me, apparently 
exhibiting only a trace of a former power. In the 
~emooa"'P'" the movement is interrupted by many 
long paU8e8. Very few tendril-bearing plants can 
spirally twine up an 'npright stick. Although the 
power of twining has generally been 108t, either from 
the stiffness or shortness of the internodes, from the size 
of tho leaves, or from some other unknown cause, the 
revohing movement of the 8tem set\'es to bring the 
tendril8 into contact with 81U"rounding objects. 

The tendrils themselvco. also spontanoolUdy tel'olve. 
The movement beg-ins whil.st the tendril iB youug, and 
iaat fil'1ltslow, The mature tendrils of Bignollw, liuoralis 
move much sloln~r than the internodes. Generally. 
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the internodes and tendrils revulvc together at the 
llame rate j in CiSBUS, Cobrea, and most Passifloftc, the 
tendrils alone revolve j in other cases, as with LathyruB 
aphMa, only the internodes move, carrying with them 
the motionless tendrils; and, lastly (and this is the 
fourth possible CIl!!C), neither internodes nor tendrils 
sl)()ntaneously revolve, 8.B with Lathyrus grandiflorm 
and Ampewpsi8. In most Bignonias, Eccremocarpus. 
Mutisia, and the Fumariacere, the internodes, petioles 
aud tendrils aU move hannouiously together. In 
every case the oonditioDS of life must be favourable in 
order that the different parts should act in a perfect 
manner. 

Tendrils remlve by the curvature of their whole 
length, excepting the sensitive extremity and the 
base, which parts do not move, or move but little. 
'rhe movement is of the 8il.me nature as that of the 
revolving internodes, and, from the observations of 
Sachs and H. de Vries, no doubt is dne to the same 
cause, namely, the rapid growth of a longitudinAl band, 
which travels round the tendril and snccessively bows 
each part to the opposite side. lIenee, if a line be 
painted along that surface which happens at the time 
to be convex, the line becomes first lateral. then 
concave, then lateral, and ultimately again oonvex. 
This experiment can be tried only on the thicker 
tendrils, which are not affected by Il thin crust of 
dried paint. 1'he extremities are often slightly CU1'\'ed 
or hooked, and the curvature of this part is never 
ravened j in this respect they differ from the ex-
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tromitiCII of twining shoots, which not only reverse 
their eurvature,or at least become periodically straight, 
hut curve themse:lvcs in II. greater degree than the 
lower port. In most other respects a tendril acts as if 
it "'ere ono of several revolving internodes, which all 
mo,"o together by successively bonding to each point 
of tho oomp088, There is, however, in msny cases this 
unimportant difference, tllat the curving tendril is 
ICPIU'f,ted from tho curving internode by " 'rigid 
petiole. With most tendril-bearers tho summit of the 
stem or shoot projects above the point from whieh 
the tendril ari8C8; aud it is generally beut to one side. 
80 WI to be out of the way of the revolutions swept b~ .. 
the tendril. In those plantll in which the terminal 
shoot iB not sufficiently out of the way, as we hnve 
BOOn with tho Echinocystia, as BOOn as the tendril 
comOB ill its revoh' iug course to this point, it stiffens 
and straightens it.aelC,'8Ild thllJl rising "ertically up 
pBasCH over the obstacle in an admirable lllD.nner. 

All tendrils are sensitive, Lilt in various degrees, to 
contact with au object, and curve towards the touched 
lide. With B6veral plants a single touch, 80 slight as 
only just to move the highly flexible tendril, is enough 
to induce cur,-ature. Pauijlora gra<:ilil possesses tho 
mOllt aensitive tendrils which I have observed: a bit 
of platina wire i6th of a grain (1'23 mg.) in weigbt, 
gently placed on the concave point, caused a tendril 
to become booked, as did a. loop of 80ft, thin cotton 
thread weighing hnd of a grain (2-Q2 mg.) With die 
t.endrilfl of &eversl other plants. loops weighing hth (lr 
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a grain (4'05 mg.) sufficed. The point of a tendril of 
Pa.u;jfora gra;,ili. began to move distinctly in 25 
seconds after a touch, and in many cases after 30 
seconds. Asa Gray also saw movement in the tendrils 
of the Cncurbitacoous genus, S~ in 30 seconds. 
The tendrils of 80mB other plants, when lightly 
rubbed, moved in a few minutes; with Dicentra in 
hal£.au.hour; with Smilax in an hour and a quarter 
or half; and with .A.mpclopsis still more slowly. 
The curling mO'l'"ement ooneequent on a aiDgle touch 
continues to increase for a considerable time,' then 
Ce&.8C8; after a fcw hours the tendril uncurlB itself, and 
is again ready to act. When the tendrils of 8everal 
kinds of plants were caused to bend by extremely 
light weights 8uspcndod on them, they 86Cmed to grow 
accustomed to 110 alight a stimulus, and straightened 
themselves, as if the loops had boon removed. It 
makes no difference what IIOrt of object a tendril 
touches, with the remarkablo exccption of other ten
drils and drops of water, as was observed with the 
extremely sensitil'e-kmdrila of PauijWra. grcu:ilit and 
of the EchiNoeyliiL I have, however, eeen tendrils 
ot the Bryony which had temporarily caught other 
tendrila, and often in the cue of the vine. 

Tendrils of which the extremities are permanently 
and slightly curved, are IJCIl8itive only on the concave 
surface; other tendrils, IJUch &II th08e of the Cobea 
(though £uroiahed with horny hooksdiroorod to one side) 
and those of Oiuw di«olor, are sensitive on all aides. 
Hence the lendrill of this latter plant, when stimulated 

C The Complete Work of Charte$ Oarw,n Onl,ne 



CHu.lV. 173 

by a touch of equal foree on opposite 8ides, did not. 
bend. The inferior and lateral 8urfooee of the tendril8 
of Muluia are scnsitive, but not the ullpcr surface. 
With branched tendrils, the several branches act. 
alike; but ill the Hanburyq. tho lateral 8pur.like 
branch doce lIot acquire (for excellent reasons which 
havo boon explained) its 8ellSltivenCSII nearly 80 

lOOn as tho main branch. With most tendril8 the 
lower or basal part is either not at a1l sensiti"e, or 
scnsitive only to prolonged contact. We thus see 
that the sell8iti"ene8S of tendrils i8 a 8pecial and 
localized capacity. It is quito independent. of the 
power of spontaneoua1y revolving; for the curling of 
the tennina! portion from a touch does not in the least. 
interrullt tho fanner mOl·ement·. I n Bigrnmia unguis 
!md its close allies, the petioles of tho lIuwes, as well 
as tho tendrils, are sensitil'e to a touch. 

Twining lliantil when they come into contact with a 
stick, curl round it invariably in the direction of their 
revolving movement.; but tendrils curl indifferently 
to either side, in accordance with tho position of the 
stick and the side which is first touched. The clasping 
movement or tho extremity is apparently IIOt steady, 
but undulatory or vermicular in ita nature, lUI may be 
inferred from the CUrlOIlS manner in which the tendrils 
of the Echinocystis slowly crawled round IJ. smooth 
stick. 

AI with a few exceptions tendrils spontaneously 
revol,'e, it may be asked,-wby ha"e they been endowed 
with senaitiveneY ?-why, when thcy come intooontact 
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with a stick, do they not, like twining plants, spirally 
wind round it? One rensoll IlIIIy be that they are in 
most cases 90 fl exible and thin, that when brought 
into contact with any object., they "onld almost 
certainly yield and be dragged onwards by the revoh'
jug movement. Moreover, the 8ensitjve extremities 
have no revolving power 88 far 88 I have observed, 
nnd could not by this means curl round a support. 
\Vith twining plants, on the other haud, the extremity 
spontaneously bends more than any other purt j aud 
this is of high importance for the e.sccnt of the plant, 
Il8 may ballOOn on a windy day. It iA, however, possible 
that the slow mo,'ement of the 00&0] and stiffer parts 
of certain tendrils, which wind round sticks placed iI. 
their path, may be aualogoU8 to that of twining plantIJ . 
.dut I hardly attended sufficiently to this point, and it 
would havo hoen difficult to distinguish between 8 

movement duo to extremely dull irritability, from the 
arrestment of the lower part, whilst the upper part 
continued to mo,'e onwards. 

Tendrils which are only three-fourth.!! grOlm, flnd 
perhaps even at flll earlier age, but not whillltextremely 
young, have the power of revolving flnd of grasping 
any object which they touch, These two capacities 
are generally acquired at abont the same period, Illid 
both fail when the tendril is full grown, But in 
CcMa and Pauiflora pundata the tendrils begin to 
re"oh'e in a usclC88 manner, before they IUn'e become 
&eusiti,·c. In the Ecbinoeystis they retain their 
@eWlitlvenCIJII for some time nfter they have ceased 10 
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reyolye and after they have sunk d01mwardt; in this 
po8ition, e'en if they were able to Il'ize an object., such 
power would be of no &en-ice in supporting the stem. 
h is a. rare circUlll8tance thua to detect any luper
fluity or impcnection in the action of tcndriis-<lrgans 
which are 80 e:rcellently wapted for the fnncLions 
which they havo to perform; but wo 800 that they are 
!lot always perrect, and it wonJd be rash to assumo 
that any uisting tendril haa reached the utmOfJt limit 
of penection. 

Some tendrih have their revohing motion aooeIeratoo 
or retarded, in moving io or from the light; olhel'8, 
a.!I with the Pea, seem indifferent to ita action; othen 
mo,'O stCft(lily from tho light to the dark, and this aids 
them in an important manner ill finding a BUpport. 
I<~or iustatlC<', the tendrils of Bignonia 6aj1ffl}lalu. bend 
from tho light to the dark WI truly III a wind·,·ane from 
the wiml. In the Eccremocarpua thec:rtremitiCfl alone 
twist and turn about 110 as to bring their finer branchCfl 
and hooks into cloee contact with any dark surface, or 
into crevit'el ami holes. 

J. short time after a tendril has caught a support, 
it (oontracta with lOme rara cxooptiOIUl into a spire; 
but the manner of contraction and the ecveral important 
advllntagCfl thu8 gained have been discu88Cd 80 lately, 
that nothing need here be repeated on the subject. 
'rendrils IJOOn after catching a support grow much 
stronger and thil'lrer, and 80metimefl mora durable to a 
wonderful degree; aud this sho"'8 how much their 
intemal ti.nee must be changed. Oca.aioDally it i@ 
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the part which is wound round 0. support which 
chiefly becomes thicker and stronger; I have seen, 
for instance, this part of n. tendril of Big1wnia 8!tJlI.i
noctiali3 twice as thick and rigid as the froo basal part. 
Tendrils which have caught nothing soon shrink and 
wither; but in some species of Bignonia. they disarti
culate and fall off like leaves in autumn. 

Anyone who had not closely observed tendrils of 
many kinds would probably infer that their action was 
uniform. 'rhis is the caso with the simpler kinds, 
which simply curl round an object of moderate thick
lles5, whatever its nature may be.* But the genus 
Bignonia shows us what di\Oersity of nction there may 
be between the tendrils of closely allied species. In 
all the Dille speeies observed by me, tho young in
ternodes revolve vigorously; tl10 tendrils also re
rolve, but in some of the species in 0. very feeble 
manner; Rnd lastly the petioles of nearly all revolve, 
though with unequal power. The petioles of three of the 
species, and the tendrils of all are scnsitil'e to contact. 
In the first-describcd species, the tendrils res ruble 
ill shape a bird's foot, and they are of no service to the 
stem in spirally nscending a thin upright stick, but 
they can seize firm hold of a twig or bronch. When 

• Saem, hnweftr (' Text·Book adaptoo to d ... p IUPporlil ot 
ofDotany,'Eng.-rr.n.lation, 1 87:1, dilfertnt thickneMel. Be further 
p. 280), hu Ihown thnt which Iho""' that after a wndrll 11M 
I O1'erlooked, namely, Ihat the c1 •• ped .. lupport it lut:.eqnentJy 
lendrllt or di.ll'orcoilpooie. are lightlnliU hold. 
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the.tem twin .. I'(HlDd • ..an-hat thidr Hi,·k •• .light 
dPgn!e (I{ ..aiti,.eae. .-..a by the p"tiula IS 

brought into play. and the .. bole leal together with 
the tendril wind. round it.. In B ..... the petiolet 
are more telllitin', and have greater power of move
mcnt lImn lhOllO of tbo 101\ 8lKlCics; lhoy uro IILle, 
together "itli tho tendril., to wind incxtricably round 
a thin upright .tick; but th •• tem dOfl8 not t.-iDe 
M) ~II. D. TtDMd~ bu aimilar power., but in 
addition. rmita.er:i.a.l root. whicb adb~ to tlMt WOOI.l 
In B . ..... thft It"Ddrill: are coovt!r1dliDto e.lt.Clpll'd 
t~pn.ooged ppne'" which mal''' IpOIItaneoaaly in 
• I."tln.pi."U0U8 m&nDer; tbe peti .. l..., bunv", ha,,~ l08t 
their M.'nliti"enf*. The Item of thilllMlCit't C8n hine 
round an upright Blick, lind is nidt",1 in illl RIK'l' nl l.Iy 
Iho tendrilll lCi;,;i ng tho Itick altcrllD.tcly lOUie way 
alxlnl and then contracting apirally. In B. liltoral .. 
Ibp, tendrilt, lletiol ... and internuJ ... all revolYe 'fJOn
taJleoualy Tbe.~, bowel'er, eaDJl<.t twiDf', but uef'Dd 
.a 1Ipright ltirk by ailing it .bo"e with both teoJ.ril!! 
li>gl' tb"r, wb.if"h tben CODtraeL into a .piM. The 1IJ* 
(It th~ U!Ddrilt beoomedeTeloped into &dbSVII di,.. 

B. 'p«Wc I~ similar powers of mO"cmenl a8 
tho lut lpeciOi. but it cannot twine Muml " Rlick. 
Ihougll it can fI8Ct'Ild by ciMpiog the nick horiZl.!U
tully with one or both or its unbranchE'd tendrilJl. 
Theee tendril. contiDually inaort. th('ir poiDted f'ndJOI 
Into minnte f:rt'ri ... or hols, t.ut .. tht'yare alway" 
witbdra_ by 1M W.t.eqUlIDt Ipiral Cl"lGtraetiuo, th .. 
babit ...... to at iu our ignoraooe ..... Ita LalIt!)". 
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tLestem of B. capreolata twines imperfectly; the much
branched tendrils re\'olve in 0. capricious manner, and 
bend from tho light to tho dark; their hooke<l ex
tremities, even whilst immature, crawl into crevices, 
Illld, when mature, seize BUY thin projecting point; 
in either case they develop adhesive dillCS, and these 
htH'O the power of clll'eloping the finest fibres. 

In the allied EccremOCBrpUll the ill tcOlodes, petioles, 
and much-branched tendrils all spontnnoously revoh'a 
together. Tho tendrils do not 88 0. whole tum from 
the light; hut their bluntly-hooked extremities !\rrnllge 
tllem&elves u(lIltiy Oil !lny surface with which thoy 
come iut.;) contact, apparently 80 as to avoid the light. 
They act best when each branch seizes a few thjll 
stems, like the culms of a gross, which they after
wards tlraw together into a lI01id buudle by the 81)iml 
(:onlraction of all the branches. In Cobrea the 
finely-branched tendrilg alone tC,-olve; the branehcs 
terminate in sharp, bard, double, littlo hooks, with 
both points directed to the same sido; alld these turn 
by weU-adapted movements to any object with which 
they come into contact_ The tips or tho branch<'8 
nbo crawl into dnrk crevices or boles. The tendrils 
lind iutcmodea or Ampelopsis have little or no JlO,,-er 
or r(li"oh'ing j the tendrils are but little 8Ctlsitive to 
(>ontact j their hooked extremities cannot seize thin 
objects; they will not even clasp a stick, unless in 
(,,,trerue need of a support; but they tum £rom the 
light to the dark, snd, spreAding out their branches in 
(>(Intact with any nearly flat surface, develop discs. 
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'I.'hese adhcre by the secretion of some cement. to a. 
wall, or even to a polished surface; and this is more 
than the discs of the Bigrn:mia capreolata ClI.Il effect. 

The rapid development of these adherent. discs is 
one of the most rmnarkable pecu'l.iaritiee }XIsscsscd by 
auy tendrils. We have seen that such discs (Lre formed 
by two species of Bignonia, by Ampelopsis, and, 
acoordillg to Naudin,· by the Cucurbitaceous gellus 
Peponcpi' ad/llerens. In AngUl"ia the lower surface 01 
the tendril, after it. hll.S wound round a stick, forms 
IL coarsely cellular layer, which closely fits the wood, 
but is not adherent; whilst in Hanburya a s.imilar 
layer is adherent. 'rhe growth of these cellular out-
growths depcndB,(except in the case of tho Haplolophium 
and of ono species of Ampelopsis,) on the stimulus from 
contact. It is n. singular fact that three familieB, so 
widely distinct as the Bignoninccre, Vitacere, Bnd 
Cucurbitacere, should possess species with tendrils 
having this remarkable power. 

Sachs attributes all the movements of temlrils to 
mpid growth on the side opposite to that. wbirb 
becomes concave. These movements consist of re
\"DIving nutation, the bending to aud from the light., 
and in opposition to gravity, those caused by n. touch, 
Il..Ild spiral colltraction. It is rash to differ from 90 great 
un authority, but I cannot believe that. onc at least of 

• Annlllca ~I!I Be. ~' .. t. Bot. ~th JII'.lell, tlom. :Iii. p. 89. 
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these movementa-curvaturo from a touch-is thus 
caused.· In the first pla.ce it may bo remarked that tho 
movement of nutation differs from that duo toe. touch, 
in 80 far that in some C8SCS the two powel'll arc acquired 
by the 88.lDO tendril at diH'crent periods of growth; 
and the &emili,'o part. of the tendril does not seem 
capu.blo of nut.o.tion. One of my chief fl'88Ons (or doubt
ing whether the curvature from a touch ill the reRult 
of growth, is the extraordinary nllJidity of the move
ment. I ha\'o seen the extremity of II tendril of 
PauijUwa gro~"l~ after being touched, distinctly bent 
in 25 seconds, and orien in 30 lCOOods; and 80 it. is 
",itb the thicker tendril of Sicl'os. It appears hardly 
credible that their onter lunacea could ha,·o actually 
grown in length, which implies II permanent modificn
tion of structure, in 80 short II time. The growth, 
moreover, on this view must be considerable, for if the 
touch hal been at. all rough the extremity is coiled 
in two or throe minutea into a spire of IM)vcral twns. 

When the extreme tip of the tendril of Echinocystis 
caught. hold of a smooth stick, it coiled itself in a 
few houn(as dCllCribed at p. 132) twico or thrice rounel 

·h~to _that tile ftlU,butt~onIylll~ 

lII0'I"_1 oI.oulation and u.t .emn, thai !db IlIOftlDf!llta .... re 
1"l'OIII. kIaeh mtsht be di&'_II, UDdeMd by upc.me Cor Ii bn. 
d"eekd by _tbet .. III the ~. railler large 00.. eC Mdphu • 
......, _oller .. Palll Bert m.. rio ethu. b tk'- Jftpeet they 
obow1I to be tb, NoM .. lib Ibo pre.1II ... anderl\Ilocmtr..t with 
altoep-mon!lnenta of :HI_ .. nd Drow.., 0 .. 1"3 110 dnll'" loa tho 
tl..:. rrom .. Iouc.h. I \.tIed tho PJ"'I'l"K'II of .t.:nbenl glaDd. I" 
OOIIUDOD fIN and J'wft~ gM- tbe latter plauL 
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the stick, apparently by an undulaklry movement. At 
first 1 attributed this movement kI the growth of the 
outside; hlac.k marks were therefore made, and the 
interspe.ces measwOO, but I could not thus detect any 
increase in length. Hence it seems probable ill this 
ca&e and in othen, that the curvature of the tendril 
from a touch depends on the contraction of the cells 
along the oonoovo sido. Sachs himself admits· thnt 
U if the growth which takes place in the entire tendril 
.. at the time of coutact with a 8uPI)Qrt is small, a 
" coruiderable acceleration occurs on the convex sur 
U face, but in general there is no elongation on the 
U concave surface, or there may even be a eclftraeiwn; 

" in the case of a tendril of Cucurbita this contraction 
U amounted to ncarlyolle-third of tho origillnllcngth." 
In a subsequent passage Sachsl!OClllil to feel some diffi· 
culty in acoounting for this kind of contraction. n 
must not however be suppoeod from the foregoing 
remarks that I entertain any doubt, after reading De 
Vries' ob&ervatioos. about. the outer and stretched 
surfaoee of attached tendrils after1l-anls increasiug in 
length by growth. Such increase I:IOODJ.S to me quite 
compotible with the first movement being independent 
of growth. Why a delicate klueh should cause one 
side of a tendril kI contract we know AI little 8.lJ why, 
on the ,--jew held by Sachs, it should lead to extl1l' 
ordinarily rapid growth of the opJXlfIite aide. Tbe 
chief or IOle reason for the belief that the cunature of 

• ·Ted·8ookoiDowly, l87l1,p.179. 
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a tendril when touched is due to mpidgrowth,socms to 
be that tendrils lose their sensiti,"enCS3 and power of 
mo'-ement after they M"C grown to their full length; 
but this fact is intelligible, if we bear in mind that all 
the functiOllll of Q tendril are adapted to drug up the 
terminal growing shoot towards the light. Of what 
ust! would it be, if all old and full-grown tendril, 
arising from the lower part of a shoot, were to retain 
its power of clasping a support? This would be of 
no use; and we have seen with tendrils 80 many in
stances of close adaptation and of the economy of 
means, that we may feel assured that they would 
acquire irritability and the power of clasping a support 
at the proper age-namely, youth---.-.alld would not 
uselessly retain such power beyond the proper age. 
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OJlAPTER V. 

Pbnt. climbing by tbe.1d 0( boob. or lllel'ely IICrelllbling oyer other 
plauu-Root..,limben, ~he.l,·. mell& IIOOI'eted by tho rootleta
Generell'O".·lu~iotl • ..,.llh _peeL to elimblng pl.ou,a"d theotag<lt 
ofthel.llevelopmeut. 

IIook-Climbers.-In my introductory remarks, I stlitN 
that, besides the two first great classes of climbiug 
plnnts. namely, those wrueh twine round IL support, 
and those emlowoo with irritability enabling them to 
seize bold of objceta by means of their petioles or 
tendrils, there are two other classes, hook-climbers and 
root-dimbers. :MaIlY plnnts, moreover, as :Fritz :hruller 
has remarked,· climb or scramble up thickets in 11 still 
morc simple fashion, without any special aid, excepting 
that their leading shoots are genersUy long all(l flexible. 
It may, however. be suspected from what follows, that 
t h<'sc shoots iu some CiISCH tend to avoid tbe ligh t. 
'1'he few hook-climbc.rs which I have observed, nRmel\', 
Galiunl aparine, Rubu. awlralil, and some climbi,;g 

• Jon .... l oC Linn. Sue. YIlI. lI. plant. growing beilHtb oUw.. and 
p.Sf8. I>rof~O.Jaege,"".ell taller 'P""'i",ort.-are nalurally 
..,ma,ked. C' In s.ehell Darwio'... u...e which .. 011111 be dcrelop..'<1 
In.bo;.oudere 0001 ... Wlpnd,' ioto dilllben: and .""b pb.\ltI, 
1Ir,~, II. 106) lha~ it !. highly fl"ODlltrelcbing to .... nllibe ligbt 
~h.,fteteri~l;" ofdimbin:;: pl& .. t. 10 aDd lroot uot ""1111]: "' .... h agiLoloo 
produoelhin,~OIIgu.ted,..,d H~JI· by t he wind. tC1I1l toprodllCe long. 
Lle.lell ... l.Iefurtbe.~m.,k.lbt lhInudflelible.hoou. 
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Roees, exhibit no spontaneous ro\'olving movement, 
If they bad possessed this power, and had been capable 
of twining, they would hal'e been placed in the c11l88 
of l'\\'incnI; for some twiners are furnished with spines 
or boob, which aid them in their I18Cent. E'or ill.8lance. 
the Hop, which is a t"'iner, has rcflC3:oo hooks as large 
Ill! those of the Galillm; some other twiners have stiff 
rellcxcd hairs; and Dipladenia has a circle or blunt 
spines at tho ba.sea of its leaves. I havo seen only 
ono tendril-bearing plilllt, namely, Smila:e mpera, which 
is furnished with rcflcxoo spines; hut. thi, is the case 
with so\'erai branch-climbers in South Brazil and 
Ceylon j and their branches graduate into true tendrils. 
Some few plants app&n:mtly depend IOlely on their 
hooks for climbing, and yet do 80 efficiently, as certain 
palms in the New !lnd Old Worlds. E,'cn SOIllO 

dimbing Roses will ascend the wnllB of a tllll house, 
if covered with 0. trellis. How this iB effected I know 
not; for the young Bhoots of one such nOM, when 
placed in a pot in a window, bent irregularly towards 
Ihe light during the day and from the light during the 
night, like the shoota of any common plant; 80 that 
it ia not ea.ay to understand how they could ha,"e go, 
nuder a trellia close to the wall.· 

~ Prof_ A. On,. baa a- dilpolel!lopuahlntodarkererlci'l 
plained,Alit_ldappao-,lhii &Dd .... ,.flOlDthaligbc,lOtba\ 
diflknlt,. in hill"i!Yiew (A.mtu II .. ,. .. ould be al. ..... t IUn! to 
JoumaJ cl &>enee, ¥Ill ;ll 8ept. pi-. the_II .. uDder. trel1.iI. 
1Sd.\ p.282)o(tb. p .... llt .. ork. lIe NldaWt Ihto lateral. aboIM, 
H e bu o_n"flII. IbM the IlIong .... 011 the follo ... ing I"ring • 
• ummel _boot. 01 the Mi~h1~ emerged from Ihelrel1i1 AI the,. 
...,.. (I""" KU~ro) ore ttrongly oought Ih~ light. 
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Rool-dimben.-.A. good Dlany plantl come undcr this 
cl8.88, and are exceUcnt clilllbcrs. One of tue mos' 
rcmarkaLlo is the MClTC9rat;ia umbellala., tile stcm of 
which in tuo tropical forctlts of South America, as I 
hoor from ~[r. Spruce, grows in a curiously flattened 
manner against the lrUllkJ of t.rooI; hero and the.ro 
it puts forth claspers (roots), wuich adhere to the 
trunk, and, if the latter be slcnder, completely embrace 
it. When this plant has climbed to the light, it l)~ 
,IDees froo branches with rounded stems, clad with sharp
pointed leaves, wondcrfuUy different in appearauce from 
those bome by the stem(l.llong (l.I it remains 8(lherellt~ 
Thill surprising differonce in the leaves, I have also 
obsem~l in a plant of Marcgrat'iadubia in my hothouse. 
Root-climbcrs, as far as I have seen, namely, the hy 
(lIedera hel~), Fie," repau, and l!'. barbalUB, have no 
power of movement, not even from !.he light to the dark. 
AI previously stated, the Hoya cal"TlO*l (A.aclepiadaoete) 
IS a spiral twiner, and likewise adheres hy rootlets 
even to a flat wall. 'rhe tendril-bearing Bi{!JWl'ia 

Tu:eedyana emits roots, which curve half round and 
udhcre to thin stick.. 'rhe TlICOlna nuiicaru (Big
noniacere), which is cloecly allied to m8.llY spontane
ously revolving species, climbs by rootlcts; never
theless, its young Khootll apparently mOH~ about more 
than can be accounted for by the nrying Mtion of 
tb~ light. 

I have not closely observed mauy root-climOOni, but 
enn give oue CUriOU8 fact.. Fietu 'I"IlpetU climbs up 
Ii wall just like hy; nnd ",ben the young rootlets 
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are made to press lightly 011 slips of glass, they emit 
II.fwr about a week's interval, as I observed sc\·erol 
times, minllW drops of clear fluid, not in the least 
milky like that exudoo from a wOlllld. This fluid 
is slightly viscid, but cannot be drawn out into 
threads. It has the remarkable property of not soon 
dryillg; a drop, about the size of half a pin's head, was 
slightly spread out on glass, and I scattered on it some 
miuuto grains of sand. The glass was left exposed 
in a drawer durillg hot and dry weather, and if the 
fluid had been water, it would certainly have dried 
in 0. few minutes; but it remained fluid, closely 
surrouuding each grain of sand, during 128 days: how 
much longer it would have remained I calinot say. 
Some other rootlets were left in contact with the glass 
for about ten days or a fortnight. aud tho arops of 
secreted fluid were now rather Io.rgcr, and so viscid 
that they could be drawn out into threads. Some 
other rootlets wero left in contact during twenty-three 
days, and these wcre firmly oomented to the glass. 
Hence we may conclude that the rootlets first secrete 
a slightly viscid fluid, subsequently absorb the watery 
parts, (for we have seen that the fluid will not dry 
by itself,) and ultimately leave a cement. When tht' 
rootlets were torn from the glass, atoms of yellowish 
matter were left on it, which were partly dissolvM 
by a drop of bUlUlphide of carbon; and this extremely 
volatile fluid was rendered very much less volatile by 
what it had dissolved. 

AB the bisuJphide of carbon has a strong power 
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of softening indurated caoutchouc., I aoaked in It 

during a 8hori time several rootlets of a plant which 
had grown up a plaistered wall; Rnd I then found 
Illany extremely thin threads of tran8parent, not viscid, 
excessively clilJltic matter, preci8Cly like caoutchouc. 
lI.ttached to two sets of rootlets on the same branch. 
These throods procecdod from the bark of the rootlet 
at ono end, and at the other end were firmly attached 
to particle8 of s.ilex or mortar from the wall. There 
could be no mistake in thiB observation, as I played 
with the threads for a long time under the microscope, 
drawing them out with my dissecting.noodles RDd 
letting them IIpring back again. Yet I looked re
peatedly at other rootleta similarly treated, and could 
never again di8C(l,"er these elagtie threade. I there
fore infer that the branch in qlle8tion mU8t have been 
aligbtly moved from the wall Ilt 80me critical period, 
whil8t tho secretion was in the act of drying, through 
tho abeorption of ita watery parts. The genus Ficli, 
abounds with caoutchouc., and we may conclude from 
the facta just gi,"cn that this lubatance, at first in 
8Olution and ultimately modified into an unelastie 
cement: is used by the FielU T'6pent to cement ils 
rootlets to any lunace which it aacends. Whether 
other plants, which climb by their rootlets, emit 
any cement I do not know; hut tho rootlets of the 

• Mr.SpUl,rh .. _U,.ab" ... 1I all.lla Illata ofdl .. I.don to thaair, 
(Chemu.1 Soclety, Feb.lil, 18(5), g •• duall,. boo_1lII oonyerled into 
III a .. I""r 00 till' oJ:id.tioo of boi't1 ... red1l0 .... oau.:t,~er,...w:,ib.r 
ind.;"'",bberorl'Mllltc~.llY.t lo.llell·11IQ. 
tliia ~Qb.to,,"~, ... h.m npuooed io 
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Ivy, placed against glass, bo.rely adhered to it, yet 
secreted a little yellowish matter. I may add, that the 
rootlets of the Marcgravia dOOia enn adhere firmly to 
smooth painted wood. 

Vanilla aromalica emits ll.fuial roots a foot in length, 
which point straight down to the ground. Acconling 
to :Mohl (p. 49). these crawl into crevices, and when 
they meet with a thin support, wind round it, as do 
tendrils. A plant which I kept Wag young, and did 
not form iOllg roots; hut on placing thin sticks in 
contact with them, they certainly bent a little to that 
side, in the course of about a day, and adhered by 
their rootlets to the wood j hut they did not bend 
quite round the sticks, and afterwards they re-pursued 
their downward course. It is probable that these slight 
mO\'cments of the roots arc due to the quicker growth 
of the side exposed to the light, in comparison with 
the other side, and not because the roots are sensitil'e 
to contact in the samo manner as true tendrils. Ac
cording to Mohl, tho rootlets of certain species of 
Lycopodium act as tendrils.-

• Frit~ MUlier infn.m! me alirUol I'OOtio of R Philodendron 
that he ..... in the for~w or .. hichgre .. onthebrauehe.aooTe. 
&uth Bra.il llUmel'QU~ blaek Thet<l root;, therelOre OCt!m to be 
IlringOl, r .... m lOme l'netlto ne«rly true t .. ine .... though the,. nM 
all i!>elL In diame~r, wiotliog their powen W dClC(lnd, io.te&d of 
'pil'tlUy .... oud lhe Iruub ot gi_ 10 &IIOOnd like t.wiuing plant.. 
gs.nli~ tree.. At flrU $ighl he The aeri31 root. or oome other 
thougM that they w~re the ltemo lpeei.. of Philo(it'ndron haug 
or t .. ;ning pbnllwhich we ... tbn. vorli".,Uy doWll .. ~rd .. .ometimeo 
asoonding the IteeII; buth~ .rler_ to • .. length of more th .. nflfly r.",t. 
ward. found thai IheY"Ere lhe 
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Concluding &lOOrkl on OlinWing Plant.. 

PlanUl becomo climbers, in order, as it may be 
presumed, to reach tho light) and to exp080 a largo 
surfiloo of their leavcs to its action Rntl to that of the 
froe air. 'l'his is effocted by climbers with wonderfully 
Iittlo expenditure of orgtUlized matter, in comparison 
with trees, which hal'e to sUIlIKlrt a load of heal'Y 
branches by II. massive trunk. Hence, no doubt, it 
arises that tbere are 80 many climbing plants in all 
quarters of tho world, belonging to 10 many different 
orders. 'l'bcsc plants hal-O been arranged under four 
classeB, disreb'llrding those which merely flCramble Ol'er 
bushes without any special aiel. Ilook-cli mbcrs are 
the lelUlt efficient of all, at least in our temperate 
ooulltrit:>fI, and can climb only in tho midst of an 
entangled mass of \'cgetation, Root-climbers are 
excellently adapted to 8!iCCnd naked faces of rock 
or trunks of troos; when, however, they climb trunks 
they are compelled to keep much ill tho shade j 
they cannot Jl688 from branch to branch and thus co\'er 
the wholo summ it of a tree, for thuir rooUet.8 require 
long-oontinucd and close contact with a steady surface 
iu order to oohcre, The two great classes of twiners 
and of plants with sensitive organs, namely, leaf
climbers and tendril-bearers taken togcther, far exceed 
in number and in the perfection of their mechanism the 
climbers of the two first cla.sses. 'fh08O which have 
tho power of spootanoously revolving and or grasping 
objectll with which they come in contact, easily JllI5 
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from branch to branch, and securely ramble o~er 8 

wide, Bun-lit surface. 
'l'hedivisioos oontainingtwining plants, loaf-climben, 

and tendril-bearers graduate to a certain extent into 
one aDotber, and nearly all have tho same remarkable 
power of spontaneously rtl\·oh·jng. Does this grada
tion, it may be 8.Sked, indicate that plants belonging 
to ono 8ubdi\'ision hlwc actually passed during the 
lapse of ages, or om pass, from one state to the other? 
J1aB, for instance, any tendril-bearing 1liant assumt:..I 
ill! Ilrescnt structure without haying previously existed 
as a leaf-climber or a twiner? n '111'6 oonaider leaf
climbers alone, the idea that they were primordially 
twiners is forcibly suggested. The internodes of 
all, without exception, re\'oh'e in exactly the same 
manner as twiners; BOrne few can still twine well, and 
many others in 8n imperfect manlier. Several leaf
I.'iimbillg genera are closely allied to other gcncrn 
"hich are simple twineR. It should also be obscn-oo, 
that the po!!II(!8Sion of leaves with sensitive petiolel!, 
and with the consequent polw!r of clasping an object, 
would be o( oomparoti,-ely little use to a plant, 
unless associated with reyolviog internodes, by ~bich 
the lea"011 are brought into contact with a support; 
fllthough no doubt a scrambling plant would be apt, 
liS Professor Jaeger ha.s remarked, to T<!tlt on other plants 
by its IClixes. 011 the other hand, re,-olvillg inter
llod(>fJ, without allY other aid, suffice to giY6 the power 
of climbing; 80 that it seems probablo that leaf
climbers were in most caaes Rt first t,,-incrs, and sub!K--
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quently beeame capable of grasping a support; alld this. 
as we shall llreaently see, is a greet additional oo.,·antage. 

From analogous reasons, it is probable that all 
tendril-bearers \\·ere primordially twiners, that is, arn 
the descendants of pJanti.l baying this power aud habit. 
For the internodes of the majority f(wolve; and, in a 
few species, the flexible stem still retaiu, the capacity 
of spir.llly twining round an upright stick. 'fe.ndril
bearers ha,'o undergone much morn modification thau 
leaf-elimbers i hence it i, not surpriaing that their 
sUJlpoecd primordial habits of revolving aud twining 
have been morn frequently loat or modified than in 
tho case of lcaf-climbers. Tho three great tendril
bearing families in which this 1088 has occurred in the 
most marked manner, nrc the Cueurbitaoooo, Passi
f1oraecm, and Vita.cere. In the first, the internodes 
nwoh'e; but I have heard of no twining fonn, with 
the exception (aooording to Palm, p, 29.52) of Momor
tlita baltamina, and this is only an imperfect twiner. 
In the two other families I can hear of no twiners; 
and the internodes rarely have the power of revolving, 
this power being confined to the tendrils. The inter
nodes, however, of Pa#iflora gt"fw."lj, have the po""cr 
in a perfect manlier, and those of the common Vine in 
,III imperfect degree: so that at 10081. a truce of the 
'JIlPposcd primordial habit has been retained by some 
members of all the larger tendril-bearing groups. 

On the "iew bere gi\'en, it may be asked, Why have 
the species which were aboriginally twiners been con
\'erted in flO mIlny groups into leaf-elimbers or tentiril-
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ootlre,'8? Of what ad\'antage has tlus been to them? 
Why did they not remain simple twiners? We can 
see several reasons. It might be an udvanlage to a 
plant to n.cquire il. thicker stem, with sbort internodes 
bearing Dlany or large le8ves; and such stems are ill 
fitted for twining. Anyone who will look during 
windy weather at twining plants will see that they are 
Msily blown from their support; not so with tendril
bearers or leaf-climbers, for they quickly and firmly 
grasp their support by a much more efficient kind of 
movement. In those plallts which still twine, bnt at 
the snme time possess tendrils or sellsitive petioles, IlS 

some species of Bignonia, Clematis, and 'fropreolum, 
it can readily be observed how incomparably better 
they grllSp an upright stick than do simllie twiners. 
Tendrils, from possessing this power of gr8l!ping 
an object, can be made long and thin; 80 that 
little organic matter is expended in their develop. 
ment, and yet they swoop a wide circle in search 
of a Sllllport. '£endril·bearers call, froul their first 
growth, ascend along the outer branches of any neigh. 
bouring bush, and they are thus always fully exposed 
to the light; twiners, on the contrary, are best fitted 
to ascend bare stems, and generally have to start ill 
tbe shade. Within tall and dense tropical forests, 
t\\'ining plants would probably succeed better than 
most kinds of tendril-bearers; but the majority of 
twiners, at le8l!t in our temperate regions, from the 
nature of their revolving mo\'ement, cannot ascend 
.hick trunks, where8l! this can be affected by tendril-



193 

bearers if the trunks are branched or bear twigs, and 
by lOme species if the be.rk is rugged. 

The ad"antage gained by climbing is to reach the 
light and froe air with as little expenditure of organic 
matter all possible; no"', with twining plnnts, the stem 
is much longer than ill absolutely nceessary; for 
insiallCc, I mcaaured the stem of a kidney-beau, which 
had ascemled exactly t,,·o feet in beight, and it was 
three foot in length: the stem of a pea. on the other 
hand, which had ascended to tho same height by the 
aid of ita tendrils, W'B8 hut little longer than the height 
reached. That this saving of tho stem is really an 
advantage to climbing plant&, I infer from the species 
that still twino hut are aided by c1aslJing petioles or 
tendril8, generally making more open spires than 
tl106C mndo by simple twiners. lIIoroo\'cr. the plants 
thus aided, after taking ono or two turns in ono direc
tion, generally ascend for a space straight, and then 
re,'er8e tho direction of their epire. By this meaDS 
they ascend to a oonaiderably greater bei6ht, with the 
same length of stem, than would othefl\'OO have been 
pouible; and tbey do this with IIBfety, as they secure 
themaclves at intervaia by their c.laaping petioles or 
tendri.ls. 

We have secn that tendrils cousist. of various organs 
iu G modified 8tato, namely, leo.yc8, fl ower-pedunclcs, 
branchea, and perhaps stipulea. With respect. to 
leaves. tbo evidenoo of their modifIcation is ample. 
111 young plani8 of Bignonia the lower leaves often 
remain quit~ unchanged, whilst the upper onea ha\'e 
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thllir terminal leaflets cOll\'crted into perfect tclltlrils i 
in Eccremocarpu. I ha\'o soon a single lateral branch 
of a tendril replaced by R perfect leaflet; in Vicia 
sativa, on the other hand, leaflets nre sometimes 
rClliaeed by tendril-branches; and many other such 
cases could be ghcll. But he who bdi(m:8 in the 
alow modification of species will not be content simply 
to ascertain the homological nature of different kimls 
of tendrils i he will wish to learn, as far as is possible, 
by what actual steps lea.ves, flower-peduncles, &c., h8\'o 
had their functions wholly changed, and hal'C come to 
serve merely 118 prehensile organs. 

In the whole group of leaf-climbers abundant 
evidence bl\8 been given that au organ, still 8ubsen" 

iug the {uIlctions of a lenf, mny become scllsith'c to t\ 

touch, and thus grasp an adjoining object. With 
several leaf-climlx!rs the true leaves spontaneonsly 
revoh'e; and their pctiolea, aftcr c1lU1ping &. support 
grow thicker amI strollgcr. ' Ve thll8 see that iNn-OS 

may acquire all the leading and characteristic quali ties 
of tendrila, namely, sensiti"cnesa, spontanoous mo,'e
ment, and subsequently increased strength. If their 
blades or laminw were to abort, they would form tnle 
tendriIB. And of this process of abort ion we can follow 
every step, until no tf8.C(l of the original nature of 
the tendril is left. I n Muti,ia clemail8, the tendril, ill 
shape and oolour, closely r<!SCmbles the petiole of ODe 
of the ordinary leaves, together with the midribR of the 
leaflets. but w!stigcs of the laminw are still occasionally 
retained. In fou r genent. of the F umaria.cew we can 
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follow the whole process of transformation. The termi
nal loaIlew of the leaC-climbing Ftlmaria o.ffieiri4lil are 
not. smaller than the other leafleta; thoeo of the leaf
climbing A.dlumia eirrhOla are greatly reduced; those 
of Corydali, cla~ata (0. plant which may illditrerently 
be called a. lenf-climber or a. tendril-bearer) are either 
reduced to microecopica1 dimensiOIl8 or have their 
bladrs wholly aborted, so that this pla.nt is actually ill 
a state of transition; and, finally, in the ~ra the 
tendril.!! are perfectly characterized. U, thcrefore, we 
could behold at the aame time all tho progenitors of 
Ddrtira, ,,'e should almost certainly IlOO a ~riea like 
that now exhibited by the above-named tbree genera.. 
In TroJU!OlulI1. trioolorum we hM'e another kind of 
pusage; for tho leaves which are first fonned on the 
young steml are entirely destitute of lamincc, Ilnd 
mll8t be olilcd tendrils, whilst the la.ter formed lea"eII 
haTe well-de,-eloped laminte. In 0.11 Cn&el the acquire
ment of I('I).!itiveneu by the mid-ribs of the lea"es 
appears to stand io some close relatiou "'ith tho abor
tion of their lamiua;! or blades. 

On the ,-jew bero given, leaf-climben were primor
dially twiners. and tendril-bearen (.'hen fonned of 
modified lea\-es) were primordially leaf-elimben. 'rhe 
latter, therefore, are intermediatc in nature between 
twinenJ and tendril-bearers. and ought to be related to 
both. This is the case: tbus the severalleaf-elimbing 
species of the Antirrhinere, of Solanum, Cooculus, and 
Gloriosa, ha\-e within the same family nnd c\'en withio 
the ume g-cnlll, relati\'es ,,"hich are "doers. In the 
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genus nikania, tbere are lcaf-climbing and twining 
species. The leaf-climbing species of Clematis are 
very closely allied to the tendril-bearing Narave1in. 
~'he FUIDo.riacero include closely allied genera which are 
leaf-climbers and tendril-bearers. Lastly, IL species of 
Bignouia is at the same time both a leaf-climbcr and 
8 tendril-bearer; and other closely allied species are 
twiners. 

Tendrils of Rnother kind consist of modified flower
peduncle;!. In this case wo likewise have many in
tcresting transilional states. The common Ville (not 
to mention the Cardicspermum) gives U8 every possible 
gradation between a perfectly dovc.loped tendril and a 
ftowcr-pedunc.le covered with flowers, yet furnished with 
11 branch, forming tho flower-tendril. When the latier 
itself bears a few Bowers, as we know 80metimes i. 
the cuae, and still retains the power of clasping a 
support, we 800 an early condition of all those tendrils 
wuich hare been formed by the modification of fl ower
peduncles. 

According to Mohl and others, somo tendrils consist 
of modified branches: I have not observed any such 
cases, and know nothing of their transitional states, 
but the86 hs\'e been fully described by Fritz Mdller. 
'The geulIS Lophospcnuum also shows us bow such a 
tril.nsitiou is possible; for its branches spontaneously 
revolve and are sensitivo to contact. Hence, if the 
leaves ou some of the brunches of the Lophospermum 
were to abort, those brunches wonld be converted 
into true tendril!. Nor ill there IInything improbable 
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in certain branches alone being thus modified, whilst 
others remained unaltered; {or we have Been with cer
tain varieties of PIatuedIU, that &Orne of the branches 
am thin, flexible, and twine, whilst other branches 
on tho same plant are stiff and have no such power, 

It wo inquire how a petiole, a branch or flower
pedunclo first became sensitil'e to a touch, alld 
acquired the power of bending towards tho touched 
side, we get no certain answer, Nel"(~rthelC89 an ob
een'ation by Hofmeister· well dcsen'es attention, 
namely, that tho shoots and leaves of aU plants, whilst 
young, rool'e after being shaken, Kerner also finds, as 
we h8.l'e seen, that the flower-peduncles of a large 
number of plants, if shaken or gently rubbed bend to 
tbis side. Aud it is young petioles and tendrils. 
wharover their homological nature may be, which 
move on being touched. It thus allpears that climbing 
plants have utilized and perfected a widely distributed 
and incipient capacity, which CApacity, as far as we 
can see, is of no service to ordinary plant&. It we 
further inquire how the stems, petioles, tendrils, and 
flower-pedullcles of climbing planta drat acquired 
their power of spontaneoWlly revolving, or, to speak 
more aecurfttciy, of successively bending to aU points 
of the compass, we are again silencOO, or at most can 
only remark that the power of moving, both spon
taneously and from various stimulants. is far more 

• Q1IOted by Cohn. in hi& haGdL de. Schie.lleben OMeII. 
ftmILTbbl.mMDOi.r. " Oont.nelile 1861,fJellL .. 8:1. 
Gewebe 1m PiWllellNiebe."· Ab-
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common with plants, than is generally supposed to be 
t he case by those who have not attended to the subject. 
I h;l.\'e given one remarkable instance, namely that of 
thellfaurandiaBeTliperjlorem, the young fl ower-peduncles 
of which spontaneously rm·oh·e in yery smal l circles, 
and bend when gently rubbed to the tonched side; 
yct this plant certainly does not profit by these two 
feebly del'eloped powers. A rigorous examination of 
other young plants would llrobably ahO"' slight spon
tanoous moyements in their stems, petioles or pe
duncles, as well as sensitiveness to a touch.- We see 
at least that the Maumndia might, by a little aug
mentation of the powers which it already possesses, 
come first to grasp a support by its flower-peduncles, 
nnd then, by the abortion of some of its flowers (as with 
Viti, or OaT(U08permum), acquire perfect tendrils. 

There i, one other interesting point wbich deserves 
notie(!. We baye seen that some tendrils owe their 
origin to modified looves,and others to modified flower
peduncles; so that some aro foliar and others axial 
in their nature. It. might therefore haY6 been cxpectoo 
that they would have presented some difference in 
fUlIction. This is not the case. On the oontrary, they 

• Soeb alight IpooUQOOU. loo1l1linrelootiontoonrprceenhub-
mOTewenta, 1 now find, hly<) OOeu joot ('Jenai..,hou Zeitaehrlft,' Btl. 
ror IK>me time kn01l1l to Ol'<lDl, V. Heft 2, p. 1!l3) t~t the .~m ... 
for ju.tallOll with the ftower-ekms whiln )'oung, of I .. Alillma MOO 
or Brwtioo. tIlIpow> alld with tho of.. Liuum nre oontinnally 
lruv ... or m.",. pt..nu: Saohlc' performing aligb t mofemeotl to 
'Texl.Dook of Botany' 187$, pp. III point;, of the com~ like 
7Lfi, 78:1. Frill M~Uer .ba hal \hoIIe or climbing pJ.m\a. 
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present the most complete identity in their several 
characteristic powers. Tendrils of both kinds sponta
neously re,-olve at about the 8I1me rate. Both, when 
touched, bend quickly to tho touched side, and after· 
wards rcoover themselves and aro ablo to nct again. 
In both the sensitiveness is either confined t(l olle side 
or extends all round the tendril. Both afe either 
attracted or repelled by tho light. The latter property 
is seen in the folillr tendrils of Bignonia capr601u.ta 
and in the axial tendrils of Ampelopsis. The tips 
of the tendrils in these two plants become, after con
tact, enlarged into discs, which are at first adhesive 
by the sccretion of some cement. Tendrils of both 
kinds, soon after grasping 0. support, contract spirnlly j 
tlley then increase greatly in thickness and strength. 
When we add to these sovernl points of identity the 
fact thnt the petiole of Solanum iasminoides, aftef 
it has clasped n. support, assumes OllO of the most 
chnroctcristic features of the axis, namely, a. closed ring 
of woody vessels, we can hardly avoid fl8killg, whether 
the ditrcrence between foliar and wal organs can be 
of so fundamental a nature 88 is generally supposed?· 

We have attemllted to traoe some of the stages in 
tho genesis of climbing plonts. But, during the 
endless fluctuations of the conditions of lifo t(l which 
aU organic beings have been expoaod, it might be 
expected that some climbing plants would have lost 

• Mr. Herbert Spencer h"" much foroo thnt there i. IIC fun
I'l'Celltly a.r;,....oo (' Pri"ciplCl cr dAmontal diatincliou behre80 the 
niNog)",' ISM. p. 37 /It ""'I.).,;t,h faliu and lUi.1 Q/'gllIII of plant.. 
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the habit of climbing. In the cases given of oortain 
South African plauta belonging to great. twining fami
lies, which in their native country never twine, but 
reassume this habit when cultivated in England, we 
have 1\ case in point. In the leat-elimhing Ckmati. 
flammvla, and in the tendril-bearing Vine. we see no 
108!l in the power of climbing, but only a remnant of the 
revolving power which is indispensable to all tWiller9, 
and is 80 common as well 88 80 advantageous to most 
climbers. In T.soorna t"aditaM, one of tho Bignoniacere, 
we &00 a last and doubtful tmoo of the power of 
rovoh·ing. 

With respect to the abortion of tendrils, certain 
cultivated "arieties of Ouevrbila JH!PO have, according 
to Naudin,· either quite lost thcso organa or boor 
flCmi-monstroUll represontatives of them. In my 
limited experience, I have mot with only one ap
parent instance of their natural suppression, namely, 
in the common bean. All the other species of View, 
I believe, bear tendrila; but the been is stiff enough 
to support ita own stem, and in thia species, at the 
eud of the petiole, where, acoording to BUalOgy, a ten
dril ought to have eristed, a. 8Ill8.11 pointed filament 
projects, about II. third of an inch in length, and lI'hich 
is probably the rudiment of a tendril. This may be 
the more wely inferred, as in young and unhealthy 
sl»ecimeIlB of other tendril-bearing plants aimilar rudi
ments mBy OCCMionally be obaerved. In tho beau 

<0 The Complete Worl of Ch a rles Oarwon Onlon9 



CIUP. V. OONQLUDL-;O REMARKS. 201 

these ti.lamenta are variable in ahape, aa i. IJO fre
quently the cue with rudimentary organsj they are 

either cylindrical, or toliaceous, or are dooply furro'll-ed 
on the upper .urfaoe. They have not retained any 
vestige of the power of revolving. It is a curious 
ftlCt, that many of these flIamenlil, when toliaceous, 
have on their lower .urfaces, dark-oolourcd glands like 
thOBO on the uipules, which escrow a sweet fluid; 110 

that theeo rudimenlil have been. feebly utiLized. 

One other analogous case, though hypothetical, is 
worth giving. Nearly all the species of Lalhynu 
poeseaes tendrils; but L. ftittolia is destitute of them. 
This plant baa leaves, which must ha"e struck (n-ery 
one with surprise who has noticed them, for they are 
quito unlike those of all oommon pnllilionncoou8 
planlil, and roacmblo th080 of a grl188. In another 
llpecies, L. upham, the tendril, which is not highly 
developed (for it is unbrancbed, and haa no spon
taneous revolving-power), replaces the leavCfl, the 
latter being replaced in function by large stipules. 
Now it life .uppose the tendrils of L. apbato to become 
flattened and foliaceous, like the Little rudimentary 
tendril. of the bean, and the large .tipulea to become 
at the aame timo reduced in size, from not being any 
longer wanted, we tbould have the exact counterpart 
of L. na.oiia, and its curious leaves are at once 
rendered intelligible to us. 

It may be added, &II aerving to 8um up the foregoing 
viev.-s on the origin of tendril-bearing plants, that L. 
fti....diG is probably descended from 8 plant which 'IIU 
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primordially a twiner; this then beeamea leaf .. elimber, 
the leaves being afterwards conw~rted by degrees into 
tendrils, ",-ith the stipules greatly increased in size 
through tbe law of compensation.- After a time the 
tendrils lost their bmnehes and beeame s.iml,le; they 
then lost tbeir revoh"ing-power (in which state they 
would have resembled the tendrils of the existing 
L. aphaca), and afterwards losing their prehensile 
power and becoming foliaceous would 110 longer be 
thus designnted. In this la.st stage (that of the exist
ing L. fliaolia) the fonner tendrils would reassume 
their original function of lea"cs,alld the stipules which 
were recently much developed being no longer wanted, 
would decrease in size. If species become modified in 
the coune of ages, ag almost all naturalists now admit, 
\\'e may COllclude that L. nillOlia hflll passed through a 
series of changes, in some degree like those here 
indicated. 

The mOlt interesting point in the natural history of 
climbing plants is the "arioU9 kinds of mo,"ement 
which they display in manifest relation to their wanta. 
The most different organs-stcms, branches, flo" ... er
peduncles, petioles, mid-ribs of the leaf and leaflets, 
and Rpparently aerial roote-aU po89C88 this po'l'l"er. 

Tho fint action of a tendril is to place itself in a 
proper position. For illstance, the tendril of Cobroa 

.i\f"'l .. ; .... T.ndoo(f:lhDe!lt.do thlllnr.IuNwu.udckn1yell"ecled; 
Tira""lngle. 1811, p. 1M) gI~ for the It'a'"'" l'OOIplelely dJ..t. 
the tIM or .. ,,,,,,,.lro ... '-n. I.. .p~ .lId tile .UpulN """' 10 
.. Lk:h._ oreomp.-lI_tiotIlIf llIIeIIOrmOUIli .. 
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fltilt rises "ertically up, with iu branchea din!rgent 
and with the terminal hoob turned outwards; the 
young shoot at the extremity of the stem is at the 
same time bent to one side, 80 as to be out of the way 
Tho young leaves of Clematis, on tho other hand, 
prepare for action by tempora,riiy cUrl-ing thcm8Clw~s 
downwards, 80 as to sene as grapnels. 

Seeondly, if a twining plant or a tendril b'Cts by 
any accident into an inclined position, it 8001\ bends 
npwards, tbough 8Ccl.nded from tho light, The guid
illg stimulus no doubt is the attraction of gmvity, as 
Andrew J{night showed to be tho caae with gt'rminat
ing plAnts. If a shoot of any ordinary plant be placed 
in an inclined poeition in a gl!lS8 of water in the dark, 
tbe extremity will, in a few hours, bend upwards; and 
if the poeition of tho shoot be then reyerscd, the 
downward-bent shoot \'6yeI'8C!J its CUryalure; but if 
the lItolon of a strawberry. which h88 no tendency to 
grow uJlwarda, be tbus treated, it will cnne downwards 
in tho direction of, instead of in oppoeitioll to, tho 
force of gravity, As with the strawberry, 80 it is 
geuerally with the twining 8hoots of the Hilkriia 
demaJa, which climbe laterally from hush to bwh; for 
these shoots, if placen in a l)Q6ition inclined do\\'nw8rds. 
sbow littlo snd sometimes no tendency to CUl'l'C up
wards, 

Thirdly, elimhing plants, like other plants, bend 
towards the light by a mOl'ement cloeelyanalogous to 
tho illCIl.l'l'stion which causes them to nwolve, so thu 
their ro\'o!\'ing lUo"ementis often scecl.erated or retardoo 
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in travelling to or from the light. On the other 
hand, in a few instances tendrils bend towards the 
dark. 

Fourthly, we have the spontaneous revolving move
Illent which is independent of any outward stimulus, 
but is contingent on the youth of the part, and on 
l'igorous hooltb; and this again of course depends on 
a proper temperature and other fo.voumble oonditions 
of life. 

Fifthly, tendrils, what.ever their homological nature 
may be, and the petioles or tips or the leaves of leaf'
climbers, and apparently certain roots, aU have the 
power of movement when touched, and bend quickly 
towards the touched side. Extremely slight pressure 
often suffices. If the pressure be not permalleD~ the 
part in qU(lStion straightens itself and is again ready 
to bend on being touched. 

Sixthly. and lastly, tendrils, soon after clasping a 
support, but not after a mere temporary curvature, 
contract spirally. If they have not come into contact 
with any object, thoy ultimately contract spirally. after 
ceasing to revoh'e; but in this case the movement is 
useless. and oc<:urs only after a comidcroble lapse of 
time. 

With respect to the means by which these various 
movements are effected, there can be little doubt from 
the researches of Sachs and H. de Vries, that they are 
due to unequal growth; but from the reasom already 
assigned. I cannot believe that this explanation applies 
to the rapid mo,'ementg from a delicate touch. 
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Finally,climbing plants are sufficicntly numerous to 
form a. conspicuous feature in the vcgetable kingdom, 
more especially in tropical folfttB. Amcrica, which 80 

abounds with a.rboreal anima.ls, lUI Mr. Bates remarks. 
likoll'i8O abounds a.coording to Uohi and Pa.im with 
climbing plants; aud of the tendril-bearing plants 
examined by me, the highest dO\'eloped kinds are 
nath'cs of this gnnid continent. namely, the 8O\'eral 
8pecietl of Bignonia, &remoea7J11''' ~, and Ampe
lopi,. But even in the thickets of our temperate 
regions the number of climbing speeics and individuals 
is considerable, as will be found by counting them. 
They belong to many and widely different orders. To 
gain fI(lruo rllde idea of their distribution in the yegetable 
series, I marked, from the lists givcn by Mohl and Palm 
(adding " few myself, and a competent botanist, no 
doubt, could have added many more), all those families 
ill Lindley's 'Vegetable Kingdom' which include 
twiners, lcaf-climbers, or tendril·bearers. Lindley 
divides Phanerogamia plants into fifty-nine Alliances ; 
of these, no lC!!8 than thirty-five include climbing plants 
of the above kinds, hook and root-climbers being (>:s: 

eluded. To these a few Cryptogamic plants must be 
Bdded. When we reflect on ilie \\ ide acporation of these 
plants in the serics, and when lIe know that in some of 
the largest, wcll-defined orders, such as tho Compositre, 
Hubiacere. Scrophulariacere. Liliacem, &e., species in 
olily tllO or throo genera htwe the powcr of climbing, 
the conclusion is forced on our minds that the capacity ot 
fCmh'ing, on Ilhich m06t elimbers dcpend, is inherent, 
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though unde.eloped, in almost every plant in the 
vegetable kingdom. 

It has often been vaguelyo.sserted thnt Iliants are 
distinguished from animals by not having the power 
of mOl'ement. It should rather be said that l,iunts 
acquire aud display this power only when it is of some 
advantage to them; this being of comparatively rare 
occurTeUCC, 88 they are affixed to tllO ground, and food 
is brought to them by the air and rain. We see 
UOW high in the scale of orgullization a plant may 
rise, when we look at one of the more perfect tendril
bearers. It first places its tendrils ready for action, 
as a polyplUl places its tcnta.cula. If the tendril be 
displaced, it is scted on by the Coree of gnn-ity and 
right!! itself. It is acted on by the light, ilnd bendll 
towards or from it, or disregards it, whichever lUay be 
most advantagoous. During several days the tendrils 
or internodes, or both. spontaneously rcl"oh·o with Il 

steady motion. The tendril strikes some objeet, and 
quickly curls round and firmly grasps it. In tho 
course of some hours it contra.ct8 into a. spire, dragging 
up tho stem, and forming an excellent spring. All 
movements now cease. By growth the tissues soon 
become wonderfully strong and durable. The tendril 
hll.~ done its work, and has done it in an admirable 
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