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The investigation which hns resulted in the preparation of this 
dissertation was undertaken with n view to determine the true 
nnture and phylogenetic origin of those appendages of the bases 
of the petioles of leaves which are k n o m  as stipules and which 
nre present in so large n number of the families of flowering plants. 

The data have been collected from every available source; the 
evidences to be gnthered from known geological facts have been 
taken into considerntion, observations linve been made upon the 
mokphology nnd anatomy of the folinr organs in a large number 
of cases, and the gradunl modification of leaf-forms in the annual 
growth of plnnts from simple scales to adult leaves hns been care- 
fully studied. I n  addition to  the dnta so gathered, the literature 
dealing with the subject, relatively scnnty though it is, has yielded 
much ralriable mnterinl both by the record given of the observa- 
tions of others nnd by the suggestion of lines of investigation. 

With all this material in hand, I have endenvored to ground the 
theoreticnl consideration of the problem upon the brondest foundn- 
tion possible in the present stage of the progress of sciencc, and 
from n comparative study of the evidence gnthered from all the 
vnriorrs sources of information, hnve drawn the conclusions set 
forth at the close of my paper. 

ANNALS N. Y. ACAD. &I., X, April, 1 8 9 7 . 4 .  
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The results of my investigations are herewith given to the pub- 
lic with the conviction that conclusions arrived at in the manner 
indicated cannot fail of interest to the reader, nor, in some de- 
gree nt least, of scientific vnlue. 

NEW YORK, Feb. 8, 1897. 
COLUNBIA UNIVERSITY, 
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A REVIEW OF IMPORTANT LITERATURE PERTAINING TO STIPULEB, 
Owing to the fnct that n lnrge part of the literature pertaining 

to stipules is inaccessible to  the majority of bgtnnicnl students, 
scnttered ns it is, for the most part, in the journals of vnrious 
scientific bodies, it hns seemed desirnble to prefnce the considern- 
tion of  the results of my resenrch on the question of the Nntureand 
Origin of Stipules with n brief summnry, in chronological order, 
or the publications hnving reference to the genernl subject of 
stipules. I hnve, however, omitted mention of their considerntion 
in systematic works and the general nllusions and definitions ns 
they occur in most genernl works on the Spermntophyta together 
with their specinl consideration in individual species and groups 
except in the most important cases. 

Stipules hnve not received n very lnrge dcgree of attention from 
botanists spnrt from their morphology ns used in clnssification 
and the publicntions to be oonsiderctl nre not very numerous, 
%ut i t  is thought that n review of those folloaiiig will be profita- 
ble and of general interest : 

Malpighi, Marcello.-Open omnin, 22-39. 186.  

This is one of the earliest works in which stipules nre treated. 
A considernble number nre figured nnd dcscribed under the nnme 
of fo2iola caduca. 

Linneeus, Carolu#.-Pbilwphim Botanim, 50. 1751. 

A genernl definition is given of stipules ns scnles borne at  the 
bnse of the petiole. Buds nre spoken of as formed by stipules, by 
petioles, or by rudiments of leaves. 

Linnoeug, CarO~UB.-Pw~ectione~ in ordines nntnnlea plootarum, 520. 
1792. (Cited by Hmstein in Abbnndl. Aksd. Berlin, 77. 1857.) 

In spenking of the whorled leaves of the Stellats, Linnceos 
says that  only two of these leaves are.true leaves, the remainder 
nre stipules which hnve grown to the sarne,size ns the lenves. 
De Candolle, Augastin P.-Tbeoric de Is htaniqne, 364. 1819. 

The stipule is defined ns n foliaceous nppendnge or accessory 
leaf aitunted n t  the base of certain lenves. Thestipe1,first so 
nnmed by De Cnndolle, is defined ns n stipule plnced on the com- 
mon petiole nt the base of the leaflets. 



4 The Xature and Origin of Stipules. 

De Candolle, Augustin P.-Orgnooppbie V&ble, 1 ; 334-341. 
1827. 

De Candolle's views ns here expressed may be outlined as fol- 
lows : " Stipules do not exist in any monocotyledonoue plant,* 
nor in nny dicotyledons i n  which the petiole has n sheathing base ; 
among dicotylcdons wi th  lenves not shenthing, stipules nre fre- 
qriently wanting, especinlly in plnnts with opposite leaves. Their 
existence i s  intimhtely connected with the genersl symmetry of 
plants, nnd they occur or nre wanting in nll the species of n family. 

"The only essentinl chnrncter of stipules is their Intern1 position 
a t  the base of the lenves,md it is not impossible thnt weconfound 
undcr n common nnme objects really distinct. Their texture is, 
in mnny plnnts, perfectly foliaceous and in these cases they ex- 
hibit so expctly the chnmcter of leaves thnt we cnn S R ~  thnt they 
are small accessory leaves. 

'l In certain verticillnte lenves, such ss those of Galium, it  is 
noticenble that the buds and young brnnches are not produced in 
the mils of nll the leaves, but on1.y of two nmong them which arc 
opposite to one nnotlier. 1 presume that these two lenves 
furnished with buds are the true lenves nnd that the others should 
be considered ns folinceous stipules. 

'' The nnturnl use of stipules seems to  be thc protection of the 
leaves during their development, but we must admit thnt in many 
cnses their smnllness or their nature or form mnke them innppro- 
priate to  this use, though we cnnnot well assign another to  them, 
those which nre folinceous nssist in the elnboration of the snp, 
those which are changed into spines serve for the defense of the 
plant. 

" The tendril in the Cucurbitncere is perhnps a modified stipule. 
The ochren of Polygonums is a prolongation of the base of the 
petiole into connnte stipules." 

In volume 2, pnges 213 and 214, De Cnndolle sags in trenting 
of buds, 'l They hnve received particular nnmes according as they 
are formed by different pnrts of the folinr organs, nnd nccording 
to the degree of their degeneration nnd adnntion. 

" 1. Buds are cnlled folinr when, the lenves being sessile, the 
blade itself, reduced to the form of B scsle, forms the buds, ns in 
Daphne niezereum L. 
" 2. They nre called petiolnr when the bases of the petioles dila- 
.See also A. Richsrd. Prhis de Bot., 126. 
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ted into scales form the covering of the young shoot. ThiR oe- 
curs in petiolnte lenves without stipules, ns in the walnut, ash 
and horse-chestnut. 
“ 3. Buds are stipiilnr when the scnles nre formed, not by the 

leaves, but by the stipules which nre not united with the petioles. 
o f  these there nre two sorts,-those wliioh are formed by n great 
number of stipules enclosing n young shoot collectively, ns in 
onks, willows nnd elms, and those in which the stipules, free or 
united by theirexterior margins, form n peculiar envelope for ench 
lenf, as  in Ficus and the mngnolins. 
“ 4. When the stipules nrc adherent with the petiole, these two 

organs united into one form the bed scnles, and nre named ful- 
crnl. This occurs in most of the Rosaceq nnd the scnles are 
frequently three-lobed or three-toothed, indicnting the origin of 
the scale formed by the petiole nnd the two stipules united to- 
gether.” Plnte 21, figure 9, shows the progressive chnnge from 
scales to  ‘foliuge.lenres in buds thnt nre fulcrnl in nnture. 

BischoB; Q. W.-Lehrbuoh der Botanik. 177-183. 1834.- 

The subject is here more fully outlined thnn in De Cnndolle’s 
Orgnnographie. Stipules are defined ns peculinr lenfy expnn- 
sions at the bnse of n free middle led. They nre recognized ns 
belonging to  the lenf on the ground of their frequent connection 
with the petiole, the receiving of their rnsculnr bundles from 
tllose of the lenf nnd the nbsence of buds from their asils. Vn- 
rious kinds of stipules nre described and the ochren, the ligule, the 
stipule in the Nnindncete nnd the ochren of pnlms nre included 
with stipulnr formntions. 

Lindley, John.-Introduction to Botany, 99. 1832. 

The following stntement is of interest : ‘‘ The exact nnnlogy of 
stipules is not well mnde oat. I nm clearly of opinion thnt, not- 
withstanding the difference in thcir nppearnnce, they nre renlly 
accessory leave8 ; becnuse they nre occnsionally transformed into 
lenves, ns in Rosa bracfeafa, becniise they nre often indistinguish- 
nble from lenves oP which they obviously perform all the func- 
tions, ns in Lathyrue,  and becnuse tlicre nre cnses in which buds 
develop in their nxilln, ns in Salix, n property pecalinr to leaves 
nnd their modificntions.” The cliarncter of stipules is denied to 
the tendril of tbc Cucurbitncee nnd the tendrils of Smilax (p. 96) 
nre regarded as Intern1 brnnches of the petiole. 

ANNALS N. Y. ACAD. SCI., X. April, 1897.--2. 
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Renw, A.-Reohcrches Bur lee bourgeons. Now Acts Acid. Snt. 18 : 525- 

Henry says thnt he recognizes in the Bctulnceoe nnd Cupulifern! 
thnt the bud-scnles are formed by stipules i n  nn nnnmorphoscd 
condition, and thnt in  Platanus they nre formed by the ocbren ns 
he terms the bnsal folinr nppendnge in this genus. 

Leetiboudoin, Them.-Etudes BUI I'anatoinie rt la phgeiologio dea 
vegetnux. 1640. (Cited by himsell in Bull. Soo. Bot. Fr. 4 : 746-747. 1857.) 

The author stntes thnt he has s h o w  thnt stipules nre pnrts of 
the leaf, formed by tbe bundles or lnternl fibers of these orgnns, 
whether they nrise from bundles not yet hnving left the stem, from 
annstomosing nrcndes which unite tlie lenves 4s in the Stellntrc, or 
from the fibres of the petiole, as  in  the ndnnte stipulcs of Rosnceoc, 
or whether they nre in part supplied by bundles directly from the 
cniilinc cylinder, as in Platanus. 

In  relntioo to  the tendril in the Cucurbitncene, he states thnt its 
bundles w e  derived from those which pertain to the nxillary bud ; 
thnt it is therefore not a stipule, hut the first folinr nppendnge of 
thc nxillnry branch for its Abro-vnsculnr bundles nre not disposed 
like those of stems, but nre nnalogoue with those of petioles. 

8t. Hilaire, Aug.-Le$ons de Botanique. 170, 1840. (Quoted by 
Colomb in Ann. Sci. Net. (W), 6 :  29. 1P87.) 

It  is stated thnt the tendrils of Smilax nre to  be considered ns 
lnternl lentlets of n compound leaf. 

Agardlr, J. 6.-Ceber die Nebenblhtter der Pflanzen. (Reviewd by 
Friea and Wahlbeq in Flora, 33 : 758-761. IGO. ) 

Agardh believes thnt, although stipules have been considered as 
degenerate appendages of the lenf or modificntions of it, they nre 
not a t  nll a pnrt of the lenf becniise they nre formed before it, and 
must be considered ns independent organs. The outer bud-scnles 
nnd nlso the protective coverings of the enrlicst Rhoots of n plnnt 
are n kind of stipulc-formntion, lending to the conclusion that in 
the lower pnrt of n shoot or the outer part of n bud the stipule. 
formation preponderates, nntl i n  the upper or inner pnrts, the lenf- 
formntion, so thnt often nt the lowest nodcs the lenf does not de- 
velop nnd nt the upper stipulcs are nbscnt. I n  Tussilago there 
nre special leafy shoots and the flowering shoots nre provider1 
with stipules only. 

610. 1836. (Cited by Clos in Bull. Soc. Bot. Fr. 26 : 193. 1879.) 
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From thcse considerntions Agardh concludes thnt there nre two 
kinds of nppendiculnr orgnns instend of one, nnmely stipules and 
lenveu. 

A6fair.--Essai Bur la Thborie dea stipules, th&e de I’Ecole de plinrmacie 
de Paris. 1-25. 1811. (Cited by Clos in Bull. Soc. Bot. Fr. 1 : 302. 1a1. ) 

The conclusion is reached thnt the leaf is noi n primitive np-  
pendage of the stipiile nnd thnt the stipiile is nothing more thnii 
nn nppendnge of the lenf. 

Regel, 6.-Beobachtung iiber den C‘rsprung und Zmeck der Stipeln. 
Linnfca, 17: 193-234. 1843. 

Regel hns studied the development of stipules in  seedlings nnd 
in the growth of individual lenves. He believes, but does not 
feel rendy to assert, that stipulesarc present in nll Angiosperms in 
the enrliest stnges of growth. He therefore includes in stipulnr 
formations the ligule, oihren, sheathing petiole and the supernu- 
mernry lenys of the Stellntre. He concludes from his observn- 
tions : 

1. ‘i That all the lenfy organs of phnnerognmic plnnts nre di- 
vided into two entirely distinct formations, the Rtipulnr and leaf- 
formntions. 

2. “That the stipulnr formntion nriscs from the bnee of the 
meristem tissiie of the.lenfy nxis, covering tht summit, but nlwnys 
with n longitudinnl cleft or one pnssing trnnsversely ncross the 
npex. 

3. “ Thnt perfect stipules nre formed by the occurrence of b o ,  
foiir or more clefts in  the  originnl stipulnr shent!, giving rise to 
ns mnng stipulnr lenflets. 

Thnt the stipules receive their vnsculnr bundles directly 
from the stem, nnd nre usually parallel veined because of their 
forming originnlly a completely encircling sheath. 

5. “ That they serve nlwnys for the protection of tlie growing 
point nnd of the true lenves, when these nre present, during their 
development. 

6. ‘i In all plnnts, orgnns ndnpted for protection belong not to 
the leaf-formntion but to the stipule-formation. 

7. Thnt stipules nre to be regnrded as a formation preceding 
the lenf-formntion, since they nppenr before the Ienve~. 

8. “Thnt they belong primnrily to a nodnl ring distinct from 
that producing the lenves nnd sittinted either nbow or  klom it. 

Q 

4. 
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Prom these relntions, RS regards the leaf, interior nnd exterior 
stipules nre distingtiishcd. 

9. “ Interior stipules protect the formntion of the following 
node nnd leaves. The leaf nt the same node develops somewhat 
earlier or nt about the same time. 

10. “ Esterior stipulee develop before the leaf nt the same node 
nnd therefore protect their own node with its lenf. 

11. “ As stipules nre limited in the time during which they nre 
fitnctional, they lose their significance ns soon ns this purpose is 
fulfilled. They do not produce buds in their nrils except in cnseR 
where trtie leaves nre not developed.” 

The following statement (p. 227) should he noted. “ In some 
species of Thalictrum the membrane rising nbove h e  inner 
margin of the base of the petiole is the analogue of the liguk.” 

Kimchleger, F.-Florn, 28 : 615. 1845. 

The tendril of Cucurbitaceoe is regarded as n normnl stipulnr 
formation. 

Mercklin, C. E.-Entmicklungq.ychicte der Blnttg~talten. 1846. 
(Translated into the French in Ann. Sci. Nat. ( I I I ) ,  6 : 215-246. 1846.) 

Tha stntements of Mercklin nre contrnry to  those of Hepel. 
He s n p ,  ‘* In all cnses the stipules of the developing leaf nppear 
as portions of the laminn; it is ouly Inter, during the dcvelopment 
nnd elongation of the petioie, thnt they become sufflclently sepa- 
rated to be considered 8s distinct organs. In  all sirnple lenves 
the stipules never appear nt the same time with the first rudiments 
of the Inmina; they develop only with the inferior pnrts of the 
lnminn including the petiole.” 

“ From my observntions of stipules I conclttde thnt in common 
with the leaflets they owe their origin to the common petiole 
and are formed Inter than the lea8ets.” 

Krause, G-Eioige Bemcrke uber den Blumrnbu der Famariacee uncl 
Crncilene. B. Cndlene. Bot. Zeit. 4 : 137-150. 1846. 

Stipules in the Crucifem nre considered (pp. 142-145) and the 
homology with stipules of the so-cnllcd glnnde nt the bnse of the 
le vcs is established by a careful series of observntions upon their 
de elopment. The glnnds of the brncts and floral orgnns w e  nlso 
incl \ ded.* 

*See also Duchnrtre, Rev. Bot. 2 : 208. 1845-7 and Norman, Qoelquee 
Observ. de Jlorph. Veg. 1857. 
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Juenieu, Adrien.-Conre d’Histoire Notorelle: Botooique. 108-111. 
I &2. 

Spenking of the lenf-shenth, Jussieu says that “ sometimes the 
vnsculnr bundles converge little by little, and there is a gradual 
trnnsition from the sheath to the petiole ; sometimes the marginal 
bundles stop nfter n course varying in length, or nre prolonged 
in another plnne thnn that of the petiole, and then there is D elenr 
distinction of petiole nnd sheath. Often, however, the paren- 
cltymn does not unite the Intern1 bundles to the central ones 
which continue in the petiole, niid tliis is the probable origin of 
mnny stipules.” 

Tkcul, A.--Gur lo Formation des Fedlea. Ann. Soi. Sat. (III),  20 : 
188-209. 1853. 

The usual clnssificntion of stipules is given with the addition 
of extrn-folinr stipules to  include those of Nelumbiuni. The ntt- 
thor says, “ In  all ndnnte stipules that I have seen, they do not 
enrelop the lenf to which they belong, but that which comes next 
nfter them, and their own lenf is protected by the stipules of the 
lenf preceding. Under these circumstances the stipules play the 
snme r6le ns the sheath. from which they differ very little. We 
see thus clenrly that there is the closest nnnlogy between the for- 
mntion of adnnte stipules nnd that of R sheath ; the nnalogy is 
such thnt it is impossible to distinguish between them in princi- 
ple.” All the forms of stipules, the ochren, the tendrils of Smi- 
lax nnd the ligule of grnsses nre classed together. 

Among the conclusions those relating to stipules nre ns follows : 
I n  bnsifugnl lenf-formation nll the pnrts nre formed from below 
upward, the stipules first of nll. In  leaves with bnsipetnl formn- 
tion, the stipules hnve their origin earlier than the lower pnrts of 
the blade nnd sometimes even before the upper. 

Trkcul, &-Vegetation du Neliinihium codophyllum. Ann. Soi. Not. 

In  the seedling of this plant the leaves nre in two rnnks on the 
upper nnd lower sides of the rhizome nnd cnch of them is pro- 
vided with nn nxillnry stipule. In its Inter stages the lenves of 
the lower rank are aborted with the exception of the stipnle of 
every secon’d one nnd in the upper rnnk every second leaf is rep- 
resented by the stiprile only. The internodes above the stipriles 
which stand done  rernnin uadeveloped so tlint three stipules are 
nssocinted with enclt lenf, one nxillnry nnd tn”o extra-nxillnry. 

(IV), 1: 291-298. 1854. 



10 The Nature and Origiit of Stipulee. 

One of ihese last is on the upper side of the rhizome exteronl to 
the lenf, the other on the lower side. 

This paper wns presented beforo the Botnnicnl Socioty of 
Frnnce, Mny 24, 1854. N. Ad. Brongniart took part in the dis- 
cussion which followed. He ngreed with Trdcul in hie conclu- 
sions nnd closed with the stntement thnt “this arrangement re- 
calls thnt of certain buds in which the scnlee result from the 
stipules of lenves of which the petiole nnd blade nre d i k e  
aborted.” M. F. J. Lestiboudois remnrkcd thnt ‘‘ to  decide 
whether stipules nre nn integrnl part of the lenf, it is necessnry 
to  study them nnatomicnlly. In other plants the snme fibro-vne- 
culnr bnndles nre distributed to the lenf and stipules. Stipules 
should therefore be regarded as nppendnges of the lenf.” 
Clos, D.-Considerations sur la Nature do prEtendu Cslicule on involucrc 

dea hIalv&h. Bull. Sw. Rot. Fr. 1: 989-303. 1 8 5 4 f  A 

The stipulnr nnture of the pnrts of the involucre or exterior 
cnlyr in the Nnlvnceoe is asserted contrary to  the views of Aog. 
St. Hilnire (Levons de Bot. 372. 1840) and the term stipulium is 
suggested a s  npplicnble to it. 

Cloa, D.-Du Stipuliuni chez lea G4ranindes, la LCgurneneuses et  lea 
Rmdes. Bull. Soo. Bot. Fr. 2: 4. 165 .  

The term slipulium is npplied to  the exterior cnlyx of the Mnl- 
vncea! and the involucre of tile umbel of some Qernninceoe. I n  
the Cistnccw the brnctlets of the cnlyx ore wnnting in exstipulnte 
species.* In mnny of the Leguminosa! nnd Rosncerc the brncts 
are evidently formed by stipules. 

Clm, D.-La Vrille (lea Cucurbitaobes, Organ6 de Dbdoublement de la 
Feuille. Bull. Soc. Rot. Fr. 3: 645-548. 1856. 

The different theories regnrding the tendril in the Cucurbitncez 
nre briefly stated. They have been considered to be roots; nbor- 
tive peduncles by Tnssi ; stipules by De Cnndolle, Stoks nnd Aug. 
St. Hilnire ; lenves by Onspnrini, Seringe and Brnun ; degenerate 
brnnches by Meneghini ; superfluous branches by Link ; terminal 
branches of the nxis ns in V i w e s  by Fnbre ; partly lenf, pnrtly 
brnnch by Snudin. Clos concludes tbnt the tendril nrises by a 
division of the lenf, three fibrovnsculnr bundles entering the lenf 
when there is no tendril nnd two when the tendril is present nnd 
receives the third bundle. 

*See also Bug. St. Hilaire. Lerons de Bot. 326 and 371. 1840. 

9 
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C~OS, D . - h  Vrillea des Smilax ni Foliolea ni Stipulea. Bull. Soo. Bot. 
Fr. 4: 984-987. lE!57. 

A summnry is given of the literntitre pertaining to the tendrils 
of Smilar,  They ye considered as representing two lnternl leaf- 
lets of R compocttid-leaf by von Mohl (Ueber den Bsu und (111s 
Winden dor Rniiken und Schlingpfhnzen, 41, 1827), Lindley 
(Introd. to Botany, Ed. 2,118,  1835), Link (Elem. Phil. Bot, Ed. 2, 
1 : 4:8, 1537), St. Hilaire (Leyons tie Bot. 170 nnd 854, 1840), Le 
Nnout ( 8 t h  tle Bot. 23, 1846) and Duchartre (Art. vrille in 
Dict. Univ. Bist. Xnt.). 

Mirbel (EICm. de Physiol. e t  de Bot., 2: 680, ISIS),  Trevi- 
ranus (Pliysiol. der Qewnchse. 2: 138, 1838), Seringe (8lktn. de 
Bot. 175, 184l), De Cnndolle (Theorie lhment .  Ed. 3,  321, l844) ,  
Trbcul (Anti. Sci. Knt. (111), 20: 295, 1854) nnd Lestiboudois 
(Bull. SOC. Rot. Fr. 4: 745, 18571, believe these organs to  be stip- 
nlar tendrils. I t  is the opinion of Clos that they nre neither leaf- 
lets nor stipules, but n double lateral prolongntion of the cellulo- 
vnscular elements of the petiole. 

Roasmon, J.-Beitrugezur Kentniss der Phyllomorphose. 1857. (Cited 
by C l a s h  Ball. Soo. Bot. Fr. 26: 192. 1879.) 

Rossrnan considers the problem of the nature of stipules, and 
from n study of budmales arrived at  his conclusions. R e  figures 
the pnssnge from bud-scnles to lenves in Ribes sanguineum Pursh, 
Prunus Pndus L., Spi raa  sorbiyolia L., etc. He notes the pres: 
ence in the bud-scales of three median veins, sepnrated a t  the base 
nnd’joining one nnother a t  the nper, where the petiole will origi- 
nate. The lnternl parts’of the scale outside of these three nerves 
he believes t o  represent the stipules which shorn themselves n t  the 
appwrance of the blnde in  two little points nt the apex. 

Hanstein, J.-Uebergiirtleformige Gefnasstnng-Verbindung in Stengle- 
knoten dicotyler Genitchse. Abhandl. cler Akademieder Wieaenschmften zu Ber- 
lin, 1857 : 77-98. 1858. ’ 

The vascular nodal girdle of the Stellate. is trented of nt length. 
It is shown that from this girdle nrise the bundles thnt supply 
those leaves of the whorl which are really stipules, and in some 
cnsesnlso the veins of the lateral parts of the true lenvcs. Similnr 
nodal girdles are shown to exist i n  other families of plants, nota- 
bly in Sambacus, Valeriana, Verhenn, Dipsacus, Scabiosa, Dahlza 
and Silphium. In  SambucusEbulus L. the girdle sends off vnsculnr 
brnnches t o  true stipules. I n  the majority of other cases if 
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hranclies arise they enter the margins of the petioles or the inter- 
foliar portions of connate Icnves. In Platanus and Liriodendron 
with a l t r  ate leaves, each of wliich receives seven vascular bun- 
dles, a similar girdle i s  shown to pass around the stem posterior 
to  the leaf, and is there joined by nnother small leaf-trace bundle. 
From this girdle arisen part of thestipularveins, the others being 
brnnches of the eirth and seventh leaf-trace bundles, 

77 

Clos, D.--Sbpnlee Gtipoleires. Bull. Soo. Bot. Fr. 6: SO-589. 1859. 
I t  is argued froin the similarity of .the sepals to  the divisions 

of the involucre (stipulium) nnd also to the stipules of the fully 
developed foliage leaves which is frequently observed, thnt they 
represent stipules. This is held to be true in many Geraniacec, 
Malvncere, Regoniacere and, Cistacere. In concluding Clos adds 
the theoretical considerntion that “ whether or not stipules are 
admitted to be organs different from the lenf, analogy seems to  
demand thnt  in some cnses a t  lenst they should participate in 
some degree in !lorn1 rormntion.” 

Cosgon, E.-Note sur IR Stipule et In Pr6feriille daos le Genre Potarno- 
geton. Bull. Soo. Bot. Fr. 7: 715-ZO. 18CO. 

‘* The stipule in Potantogeton is very closely like the first leaf 
of one of the brnnches. I t  is Iiomologous with the ligule of the 
Qraminere and Cyperncere and is constituted by n single organ, 
not by two united by their mnrgins.” 

Eichler, A. W.-Zur Entwicklunfsgmhichte des Blnttes. 22-31, 1861 
(Cited by Martin Frnnke in Bot:Zeit. 54 :45. 189s.) 

Stipules are said to  arise without exception as a product of the 
leaf bnse of the primordial leaf. This mode of origin of the 
stipules is their chief chnracteristic. Their form, their more or 
less foliaceous condition and thcir persistence are secondary. 

In  individual leaf devclopment in the Stellatre, the whorl 
originntes in a uniform ring about the growing point. Then arise 
two opposite prominences in the ring. These develop into the 
true lenves. After them nppear two smaller prominences on each 
side of the stem between the first. These are the stipules. Ac- 
cording to  the species they develop separately. forming six-leaved 
wliorls, or grow together giving origin to  four-leaved whorls.* 

*With this view Gabel agrees (Schenk’s Hnndbuch der Botanik 3 : 230. 
1884), except that he does not distinguish the time of nppamnce of the ditler- 
cot pa& of the whorl. 
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Where a larger number of leaves occurs, nn ndditionnl prominence 
for each arises between the original stipulnr prominences.* 

Cauvet, D.-Probahilit(. de  la Preaence dee Stipolea dsneqoelqoes m n o .  
cotyedonea Boll. Soo. Bot. Fr. I3 : ?41. 1865. 

A number of cases are considered and the conclusion drawn that 
very probably somo Monocotyledones are provided with stipules, 
but the ditference in their form nnd position )ins caused them to 
be considered ns another kind of orgnn. 

Meehan, Thomam.--On the Stipules of hfngnolia imd Liriodendron. 
Proc. A d .  Sat. Sci. Phila. 114-116. 1870. 

hlr. Meelinn nrgues for the origin of the stipiles of Magnolia 
as lobes of the lamina similnr to  the auricles which occur in M. 
Fraseri Wnlt. by n union of the nriricles with the upper surface 
of the petiole, nnd n subsequent ndnation of their margins nnd 
separation from the Inminn. He snys, “ It is scarcely possible to 
nvoid the suspicion that the stipules of Magnolia sre  not formed 
like the stipules of most plnnts which are perhaps leaf portions 
which have never been well developed, but rnther nre the tolera- 
bly well developed side pinnules of n trifolinte or deeply nuricled 
leaf.” 

Speaking of observations upon the flowers of dl. fuscata Andr., 
of East India, the following interesting statement is made : “ This 
observntion con6rms the views of some botnnists 8s I have learned 
from Professor Asa Cfrny, that it is by metamorphosis of the 
petiolnr and stipulnr parts, rnther tlinii by modificntions of the 
leaf-blade, that petnls are formed.” 

Duval-Jouve, J.-Sur qnelqnea tiesues dc Joodes, etc. Bull. Soc. 

The presence of the ligule in the Juncncem is trented of. Toqriote 
the author, “ If in ccrtnin species the ligule is so reduced thnt it 
appears to ,be lacking between the sepnrated auricles nt the apex 
of the sheath, in most otliers these auriclcs are united by n trire 
ligule, ns pronounced as tlint of grnsses, either entire or cleft n t  
the middle.’7 

Dutaily, C.-Sor lea variations de structure de la ligule dea Oraminks. 
Boll. de lu Soc. LinnBene, 170. 1878. 
‘F. Pax (Allgemeine Morph. der PRnnzen, 100. 1890) sys,  when there 

are more than six parta to the whorl, the additional parts must have their 
origin in a division of the blndesof the etipula. 

Bot. J3. 18 : 331-239. 1871. 



14 The Nalure aiid Origin of SlipllleS. 

I t  is argued from the presence of n medinn vein in the ligule of 
some of tbe grnsses in which this orgnn i s  supplied with vnsculnr 
support thnt it cnnnot be formed of t N 0  stipules grown together. 

Hilburg, C.-Dissertation iiber den Bau iind die Function der Neben- 
bliitt&. (Reviened by F. Hildebmnd in  Flora, (11), 36 : 161-167. 1878.) 

The genernl neglect of tlie subject of stipules nnd the timeli- 
ness of this disaertntion is referred to by the reviewer. 

The functions of stipules as protecting orgnns nre discussed. 
They nre considered under the bends of ( 1 )  those protecting the 
buds in winter, (2) ttiose protecting the growing parts in the 
spring, (3) those which serve ns protection nininst insects nnd 
other nnimnls, (1) those which serve as well the function of ns- 
similntion. 

The ndnptntion of most etipules iii their form nnd manner of 
growth to the specinl function they nre intended to  fulfill and thc‘ 
apparent lack of function in others is remarked upon. 

Clos, D.-Dea Stipulea e t  de lenr rdle 11 I’infloresence et dens la Fleur. 
Mem. Aced. Soi. Toulouse, (VII),  10: 201-317. 1878. 

Tbis pnper is the first pnrt of an estcndcd considerntion of the 
subject of stipules. I t  deals with their occurrence in the families 
of plants and their importmoe in clnssificntion on nccount of the 
grent variety of their chnrnctcristics. 

C l o s ,  D.-De Is part des Stipulea a I’infloreaenoe etdans Is Fleur. Comptes 
Rentlus, 87: 305-306. 1878. 

The stipulnr nature of the sepals in Uerunium, Helianthernunt, 
Begonia, O X d i S ,  Ll lChi ld lQ,  viola nnd mnny other genera i n  dif- 
ferent families is maintained. 

Dixon, Alex.-On the stipoles of Spcrgularia marina. Journal of Botany 
(Trimen), 7: 316. 1878. 

Attention is cnlled to the nnomalons connntion of the stipules 
of Speryularia marino Griseb. exterior to the petioles of the 
opposite leaves. 

Clos, D.-Dea Stipulesconsidddea nu point de vue morphologique. Bull. 
Soc. Bot. Fr. 26: 161-155. 1879. 

Under this title n summnry of thc opinions of botnnicnl nu- 
tliorities 8 s  to the true nntute of stipules is given nod the different 
theories nre briefly discussed. 

Various leaves have been considered as stipules, for exnmple 
the primary leaves of r!sparagu.s (Dutrochet), the first lcnves of 
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the branches of Verbena aphylla Oil1 & Hook. (Hooker, Bot. 
Miac. 1: 116. 1830) nnd of the Piperncen? ( C. DeCnndolle, Nkm. 
Bur les Piper. 18-19,1866), nnd the first two lenves of the nxillnry 
buds of mnny Solnnncece. 

The nppendnges sometimes nccompnnying the lcnf in some Con- 
volrulncese, ns Ipomea slipulacea Sweet., hnve been considerdd ns 
stipules (Jncquin. PI. Bort. Schoenb:. Descr. et Ic. 2: 39. 1797). 

Alnny hnve regarded stipules ns leaflets, as for exnrnple in 
Vibernum (Bnillon, Adnns. 1: 372. 1860), nnd the lower lenflets 
in mnny plnnts hnve been taken for stipules, ns in Cobmz scandens 
Cnr..(Blume. Rumphin 3 : 142. 1837), and Lotus letraphyllus 
Marr. (Linnreus, Trinius, E. Meyer, Fiscter.) 

In 1844 Wydler declared that stipules belong to the sllentti nnd 
,cites cxnmples of trnnsition between the two kinds of organs in 
the Rosncere, Polygonncere, Leguminosn., etc. Stipules, in con- 
nection with the slieath hnve bcen nscribed to Ranunculus, Zso- 
p y r u m  nnd Thal ihrum by Lloyd (FI. de I’Ouest de Fr. Ed. 2, 
1868), to Callha by Wydler, Kiitzing (Grunde. der phil. Bot. 684, 
1851-52) nnd Hooker. They hnw becn recognized in the scales 
of the stems of the Aroids. 

The so-cnlled “ decurrences ” of lenves do not differ nnntomicnlly 
from stipules nnd nre to bc considered ns identical with them, ns 
for einmplc in Crotalaria. 

The tendril of the Cucurbitncere hns been regnrded as n stipule 
by Seringe (hlkm. SOC. Hist. Snt. Gencr. 3 : 1-31. 1825), Dc Cnn- 
dolle (Orgnn. Peg. 1 : 336. 1887), Kirschleger (Plorn, 28: 615. 
1845),Stoks ( A n n .  Sat .  Hist. l846), Payer (Eldm. do Bot. 53. 
1X57-58), P d n t o r c ,  etc. Those of Smilax hnve been so consid- 
ered by Cnuret (Bull. SOC. Bot. Fr. 12: 211. 1865),biit nre looked 
on by clos as “simple prolongntions of the fibro-vascular bundles 
of the petiole withoiit morphologicnl signification.” 

The spines of the ornnge nrc considered ns stipules by Uu Petit- 
Thounrt (Cours de Phytol. 47. 1820). Clos regnrds them ns 
brnnches and those of Amaranthus spinosvs L. ns lenves, though 
they nre considered stipular by Lnmnrck (Encyc. Neth. 4 :  118. 
1786). Ribes shows stipulnr spines in some species. The spines 
of Xanthium spinosum L. mcntioned by Sachs as occupying t h P  

plnce of stipules, Clos regnrds ns representing pistillnte floweis. 
He looks with disfnvor on the doctrine thnt the glnnds n t  the 
bnse of the lenves in Resedncee, Crucifers?, Epilobiiim, Lylh- 
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r$(m nnd some Euphorbincele and Balsamiiiacea ns well as the 
axillary hairs in some Portulncnceo nre stipules. 
Clw, D.--IndBpendance, developpement, a~~omliee da stipnlw ; Boor- 

geons n &&lles atipulaira. Bull. SOC. Bat. Fr. 26 : 189-193. 1879. 

Stipules have been regarded as appendnges of the lenf by DU 
Petit-Thouars (Cours de Phytol. 46, 1820), Bug. St. Hilnire 
(Leqons de Bot. 189, 1840), 0. St. Pierre nnd F. J. Lestiboudois. 

Clos ngrees with Agnrdli in considering stipules ns independent 
orgnns. giving as his reneon that frequently in the Rosacele, Leg- 
uminosie, Mnlvaceaz, aeinnincere, etc., the stipules persist alone, 
the lerves having completely disnppenred, whether in the intlor- 
esence or a t  the base of stems nnd branches. 

Under the head of the development of stipules the conflicting 
opinions of Nercklin nnd Trdcul ns to their time of appearnnce in 
relation to  thrtt of the leaf-blade is referred to. Agreement with 
Trdcul is indicnted and the evidence is not considered sumcient 
ns n bnsis for the theory of the nutonomy of stipules on the 
ground thnt they nppenr before the leaf-blade. 

I n  consideration of stipular bud-scnles reference is made to  
their recognition by Linoreus (Phil. Bot. Ed. 3,52. 1190), Adnn- 
son (Fnmillee dee PI. 246, 1163), De Cnndolle (Ann. Sci. Nnt. 
(111), 5: 321, 1846)* and Lindley (T’eg. Kingdom, 283, 1846). 

Cobel, H.-Beitrige zur bIorphologie und Physiologic dea Blnttea. Pt. I. 
Die Niederbliitter. Bot. Zeit. 38: 753, eto.445. 1880. 

This extended trentise deals with bud-scales nnd the scales of 
subterrnnenn pnrts of plnnts nnd their homologies with leaves. 
Speaking of the primordial lenf Gobel snys, “ i t  is divided into 
two pnrts, a stationary zone which tnkes no farther pnrt in the 
lenf-formntion nnd n pnrt out of yhich the lamina is developed.” 
He cnlls these pnrts respectively the leaf-bnse and upper-leaf nnd 
stntes thnt the petiole arises nfter the formation of the blade and 
is inserted between the two parts. 

Bud-scales are regarded ns modifled foliage-lenves and divided 
into tbose formed from the blnde (Syringa),  those formed by the 
lenf-bnse (Escrclus, Prunus), and those consisting of stipules 
(Liriodendron, Quercus). In  Prunus, etc., the formntion of the 
bud-scales by the union of petiole and stipulbs ,is denied on the 
ground that the continuous sepnrnte development of the petiole 
nnd stipules cnn be followed. 

.See nlso Org. Veg. 2: 213. 188. 

- 
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The scnles of rhizomes nre divided into those formed by n de- 
velopment of the leaf-baso (Denlaria, Chrysosplenium) and those 
formed by a modi6cntion of the upper-lenf (Lnbintrc, Onngracea). 

Colomb, C.--Note 8or I’ochree des Polygon4ea. Bull. Sw. Bot. Fr. 33 : 

“ The ochren of the Po1ygonuo)s is n complex organ formed of 
two parts : one opposite the lenf, the lenf-sheath, the other in its 
nsil nnd detnched from the petiole. This is a ligule.” ‘‘ Prncti-z 
cally the snme conditions prevail i n  the Ornminea ns in Poly- 
gonum with the difference that in  the former the shenth proper is 
grently developed niitl little prolonged beyond the insertion of 
the blade, while in  the latter, the shenth proper remnins short nnd 
is much prolonged nbove the petiole. By union with the ligule it 
forms an ochren. So considered the ochren is not peculinr to  the 
Polygonnccre. I t  is found nlso in Ficus and Magnolia, estnblisli, 
ing the trnneition between the ochren nnd stipules properly so 
cnlled. 

Vuillemin, P.-Apropos d’une recent commu’nication de M. Colomb. 

Commenting o n t h e  preceding pnper, the author says that the 
lenf is primitively unifnsciculnte. The concrescence of n verticil * 

of elementary lenves, such ns occurs in the fossil ilsterophyllites, 
gnve n shenth nnnlogorie to  tlint of Equisetum; the bundle 
of one of these elementary lenves becoming prcdominnnt nnd 
functioning ns a midvein gnve rise to nn nggregnte lenf, the 
first stage of n high differentintion. In this wny the origin 
of the leaf-blnde in Polygonunt, Platanus, etc. is explained, while 
tlie ochren. the, liomologoe of the shenth of Equicletum, remnins 
ns n vestige of the priniordinl state. 

Kronfeld, M.-Ueber die Beziehoag der ?o’ebenbliitter zo ihrem Haopt- 
blntte. Verhand. der Knis -Konig. Zool.-Bot. Gesellschaft Wen.  37. Abhnndl. 

The nuthor hns mnde investigations experimenting upon n 
large number of plnnts, by tho removal of the lnminn of the 
lenves n t  the enrliest possible stngc of development, in order to  
observe tlie effect upon the development of the stipulcs and so 
determine their physiologicnl relntion to the Ienf-blnde. 01dy in 
exceptional cases wns the ultimnte size of the stipules increased, 
nnd those where the stipules mere normnlly folinceous. 

5065017, 1880. 

‘ 

Bull. Sw. Bot. Pr. 34: 141-142. 1887. 

69-79. 1887. 
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Coloiub, G.-Reoherohes aor lea atipules. Ann. Soi. Net. (VII ) ,  6 : 1- 
76. 1887. 

This pnper is the result of nn exhnustive anatomical study of 
stipules nnd their homologues. The results obtnincd nre of grent 
interest nnd mlue. They nre ndmirnbly summed up n t  the close 
of the pnper ns follows : 

iL When n lenf is shenthing, the shenth mny be prolonged in n 
ligule situnted nbove the point of insertion of the blnde upon the 
s hent h. 

b r  In this orgnn three regions may be recognized : 
11 1. The Intern1 regions into which the mnrginnl bundles of the 

sheath nre merely prolonged. These regions nnturnlly do not esist 
if nll the-bundles of the shenth entcr into the lenf. 

'$2. The stipulnr regions, the bundles of which nrise from n 
doubling of the last bundle of the sheath entering into the lenf. 

(' 3. The nxillnry region, which unites the two stipulnr regions, a 
Inminn, usually of pnrenchymn, but which may receive bundles 
nrising from the internnl doubling of those bundles of the sheath 
which become pctiolnr. 

'' The sheath may he reduced even to complete disnppenrnncc" 
without n consequent disnppenrance of the ligule. 

'' 1. If the ligule is complete with its three regions, I give it 
the nnme of an nsillnry ligule. 

'' 2. If the stipulnr and nxillary regions only persist, the sheath- 
iug regions hnving disnppcnred, we have nn axillary stipule. 
" 3. If fiunlly the nxillary region divides into two hnlvcs, right 

and left (which would not be remarkable, coneidering its purely 
parenchymatous nnture), the stipulnr regions exist done a t  the 
base of the petiole, and we have then stipules properly so-cnlled. 

" Stipulcs and the ligule are then orgnns of the same nnture, 
between which it is possible to r i n g n l l  forms of intergrndation, 
the stipule being n portion of the nxillnry ligule. 

"When, fiunlly, the manner of origin of the bundles of the 
stipule is studied, wenrrive n t  the fdlowingdefinition of theorgan: 
An  nppendnge inserted on the stem, nt the bnse of the led, all the 
bundles of which nrise exclusively from the correspontling folinr 
bundles." 

Each of the tendrils of n lenf of Smilax is chnrncterized as n 
demi-ligule, the " stipule " of Po/amogeton ns a ligule identical with 
that of graases, the ochres of Polygonuin nnd Platanus RB nxillnry 
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stipules, the stipulos of Ficus elastica Roxh. nnd dlagnolia grandi- 
j o r a  L. ns nvillnry ligiiles. 

Ward, L. F.--The Paleontologio History of the Genus Plotanus. Proo. 
u. 6. sat. blua. 11: 30-4?. 1888. 

Professor Wnrd snys (p. 41) in spenking of the fossil lenves of 
Platanus basilobala Wnrd, of the YellowRtone valley, that 8ome 
of  those found had “ n remarkable expansion nt the base of the 
blade, projecting bnckmnrd on the lenf-stnlk and having two to  
five lobes or points. 

“ These espnnsions nre to be interpreted ns evidence that the 
leaves nll belong to  Platanus or to some extinct nncestrnl type of 
the genus, since something quite nnnlagous to them is found in  
our Americnn plane-tree. The ordinary lenves of this tree nre, 
it  is true, destitute of basilar expansions, but th on young 
shoots, nnd sometimes those on the lower 1 or non-fru earinn 
brnnches of trees eshibit this peculinrity. 

“ In place of this bnckwnrcl expansion of the blnde many sycn- 
more lenves hnve nn appendage similar in shape nt the base of the 
lenf-stnlk. ns though the once bnsilnr nppendage had been s e p  
nrnted from the blnde and crowded clown the petiole to its point 
of insertion.” This is shown in n short-petioled, wedge-ehnped 
lenf from n young shoot of Platanus corresponding to the fossil 
form of Plalanus appendiculata Lesq. from the nuriferous grnvelv 
of Californin. The indicntion is t h n t  “ the constriction seen in 
the fossil forms between the blnde of the leaf nnd the nppendnge 
woiild seem to represent the beginning of this process of detnch- 
men t. ” 

1890. 

The same cases as those in the preceding pnper nre discussed, 
the appendages in Platanits appcndiculata Lesq. being described as 
stipulnr, while those of P. nubilis Newb. nnd P. basilobata Ward 
are not so considered. 

Ward, L. F.-Origin of the Plnnc-Trees. Am. Sat. 21: 797-810. 

Liibbwk, Sir John.-On Stipulcs, their Form and Functlon. Joor. 
Lion. Soc. Lond. 28: 217-243. 1890. 

“The  primnry function of stipules seems to be to protect the 
bud. In other species, however, they serve as nccessory or deputy 
lenres. Tlieir protective function is ,confirmed by the fnet of 
their enrly fnll. Some nre more persistent thnn the leaves and 
protect the leaves of the following year. 
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‘‘ When-stipules are present [in Helianthemum] the petiole is 
nlwnys very narrow, semiterete, nnd tapered to  the base. Whero 
they are absent the leaf is often sessile nnd, whether or not, its 
base is  always dilated and concave on the inner face, completely 
enclosing the bud up to  n certnin stage of its development.” 

The presence of stipules in the lower imperfect lcnves of Ailan- 
thus gtandulosa Desf. is noticed, though the fnmily of the Sim- 
arubiaceoe has been described ns exstipulnte. In Ribes sanguin- 
eum Pursh. the bud-scales nre described ns consisting of the 
dilated base of the petiole, the lnminn being‘ represented by a 
small blnck point. “ One or two succeeding lenves bear u smnll 
lnmina sessile on the sheath, which is wholly ndnnte to  the thin 
dilated base of the petiole and membrnnous, especially outside of 
the three vascular bundles. The next one or two hnve a well- 
developed Inniinn, and the shentlis partly sepnrnted from the 
petiole nnd corresponding to  stipules. Fnrther up the stipular 
sheaths are shorter and wholly ndnate to the petiole.” 

The form and function of the stipules in n Inrge number of 
species nre tlescri bed. 

Lesquereux, L.-U. S. Geol. Surv., Monog. So. 11: : Geology of the 
Dakota Group. 1802. 

Well-developed stipules of a species of Belulites from Kmsns 
are described (p. 65) a9 having been found i n  their originnl con-‘ 
nection with tho lenf, and the discovery of lenves of n Crattegus 
with lnrge undoubted stipules, from the Devoninn of Wyoming is 
mentioned (p. 254). Spenking of n lenf o f  Aspidiophylluni 
(p. 232). Professor Lesquereux says, ‘* the bnsilnr nppendnge or 
pelta is like 8 primordinl form of stipiiles, ns i n  Platanus 
basilobala Ward of the Lnramie group of Wyoming, P. appen- 
diculala Lksy. of the nuriferoils gravels of Cnlifornia nnd definitive- 
ly in P. occidentalis L. of the living florn.’, 

Henslow, Rev. C.eorge.-On a Theoretical Origin of Endogens from 
Exogene. Jour. Linn. Soc. Lond. 29: 485-528. 1893. 

The absence of vnsculnr bundles in certain stipiiles is noted 
(p. 494). 

Hollick, Arthur.--Wing-like Appenhgeg on the Petioles of Lido- 
phyllurnpopuloides Leaq. and Liriodendron datum Newb. Bull. .Torr. Ebt. Club, 
21: 467-471. 1894. 

Tbese peculiar winglike appendages nre described niid figured. 
Their similnrity to  the appendnges in fossil species of Platanus ns  
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described by Professors Lesquereux and Ward is mentioned, and 
the probnbility suggested thnt we hnve here nn  explanntion of the 
origin of the stipules of Liriodendron Tulipifera L. in the snme 
manner ns that indicnted for those of Platauus occidentalis L. by 
Professor Ward. The presence of an unwinged portion of the 
petiole next to  the blade in whnt is evidently the mnture form of 
the leaves of Liriophyllum, nnd its nbsence in the immnture ones 
is mentioned na tending t o  confirm the theory. 

In commenting on this pnper,the Botanical Gazette (19: 515,  
1894) snys, “The  phyllopodium is to  be regnrded ns nn axis 
which hns a tendency to develop winglike appendages a t  nny por- 
tion, notably, of course, iu the epipodium. If stipules nre 
brnnches of the hypopodium their origin has simply to  do with 
the branching of that part of the pliyllopodium, without nny refer- 
ence to  the method of winging found in other regions.” 

Lubbock, Sir John.-On Stipnles, their Forni nntl Function. Pt. 11. 
Jonr. Linn. 900. b o d .  30 : 463-532. 1894. 

This paper is a continuntion of the author’s former publication. 
. The presence of stipels in Sambucus Ebitlits L. is noticed. The 
yembrnnous protective margin’s of the shenth in Thalictruni 
aquilegifolium L. nnd the “ membranous stipulnr processes n t  
each trifurcntion of the laminn ” are mentioned, the lntter %p- 
pesring to  differ somewhat in their origin from the primnry 
shenth.” In treating of Raniincitlus aquatilus L., the author 
snys, “ The terminal bud is enclosed by the stipules of the two 
uppermost expanded lenves. The developing leaves push their 
wny out a t  the npex of the stipulnr shenth. Similnrity of condi- 
tions have therefore developed in the nquntic Ranunculncese, an 
nrrangement very similnr to  thnt of the Potnmogetons.” 

The following remnrks nre of pnrticulnr interest: ‘ I  In Xag-  
nolia glaitca L. the winter bud is covered by n pnir of connate , 
stipules ndnnte to  a petiole thnt is less than half their length. 
Succeeding leaves are perfect, and the stipules nre two or three 
times ns long ns the petiole, the frce portions being connate by 
both edges, like n candle estinguisher, over the bud, so thnt the 
leaf appears to  spring from the back. As they are ndnnte to the 
petiole, there is some reason to assiime that the stipules once 
formed n sheath pure nnd simple to the lenf of some nncestrnl 
form . ” 

ANNAM ?;. Y. ACAD. SCI., X, April, 1897.-3. 
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Franhe, Martin.-Bertriige Zur Jforphologie nnd Entwioklongsge- 
scliichte der Stellaten. Bot. Zeit., 51: 33-60. 1896. 

In the pnrt of this pnper which treats of the development of 
the lenf-wliorl the author agrees with Eichler that the stipules or- 
iginnte lnter thnn the principnl leaves, But he says tlint in the 
species having four-leaved whorls never more than four promi- 
nences wise to  develop into the parts of the whorl, and thnt if 
the pnrts number six or more, there is a distinct prominence 
for ench. In the lnst cnse the supernumerary slipules first. mnke 
tlieir nppesrance in the coiirse of development of the vliorl a 
little Inter thnn the first pair of stipules. 

Hollicb, Arthur.-Appendages to t.he Petioles of Liriodendn. Bull. 
Torr. Bot. Club, 23: 249. 1690. 

The author, referring to  his former pnper, describes and figures 
some abnormnl leaves of Liriodendron collected from saplings, 
seedlings nnd new shoots from old stumps. One in particular of 
these lenves is of interest on account of its similarity to  the 
fossil lenves of Liriophyllunipopuloidc.~ Lesq. both i n  the form of 
the lnminn nnd especially in having n short petiole with broadly 
winged margins which extend from the b2se of the petiole nnd 
connect with the base of the lenf-blnde. 

The question is put wlicther in this cnse we hnye '' stipules nd- 
nnte to  the petiole nnd Ienf-blnde, or portions of the lenf-blnde 
which nre acting the part of stipulnr nppendnges." 

Such, in, brief, is the import of wlint has been written on the 
subject of stipules, so far RS I hnve been nble to lenrn. The re- 
sults of my own observations are not a t  vnrinnce to  nny very con- 
sidernble degree with the opinions of most of the botnnists who 
bnve studied the subject cnrcfiilly, ns +ill nppenr from tlie 
following exposition of my investigations 2nd the conclusions 
nt which I have nrrived. To these 1 shall pass nt once, deeming 
unnecessary fnrther comment on previous rritings, except such as 
tlie stnteinent of my results mny imply. 

THE K A T U R E  A N D  ORIOIN OF STIPVLES. 

Though it is not pnrt of the purpose of this pnper to discuss 
the problem of the phylogeny of tlie plnnt world, it is nevertheless 
necessary in  order to define our field of inquiry to mnke R brief 
stntemcnt concerning tlie prol)able relationship of tlie higher 
forms, namely of thosc in nliicli foliar orgnns nre developed, in- 



The Kature and Origin of Sdipules. 23 

cluding in the widest interpretntion the Chnracez, Bryophytn, 
Pteridopliytn nnd Spermntophytn. 

As, in the Chnrneere and Bryophytn, the plnnt body represents 
the gnmetophgte stage of development, there can be no homology 
of the lenves of these plnnts with those of the Pteridophytn and 
Spermntophytn in which the plnnt body is tho sporophyte. Far 
this reason the so-cnlled stipules of the Chnrns, together with the 
bnsnl lobes or saclike nnd strnplike nppelidnges of the lenves of 
mnny Hepnticoe need not be tnken into considerntion. 

Accepting the genernl thcory of evolution in nnture, me must 
admit tbnt the origin of nll the higher plnnts is algal, but just what 
the relntionship of the Pteridophytn to the Spermntophytn mny 
be is still nn open qncstion. The snme is true in greater or less 
degree of the nmnity of the Monocotyledoaes, Dicotyledones nnd 
Gymnospermre in the latter group. 

This qiiestion of relntionship is of considerable importance in 
connection with the problem before us ns determining the homol- 
ogy of the folinr nppendnges in the scvernl groups. The evi- 
dence i n  support of the doctrine of the common origin of all the 
Angiospermre is pnrtieulnrly strong nnd mny be considered ns 
conclusive. But the relntionsliipof the Qymnospermre to  the Angio- 
spermre is more remote, nnd thnt orthe Pteridophytn still more so- 
nnd, thongh there are many points of resemblnnce, the similar 
cbmtcters mny be enses of pnrnllel development rather thnn indi- 
cntioris of n common origin. It is my present opinion, however, 
that the Gymnosperme sprnng from some gcnernlized hetero, 
sporous Pteridophyte,* that the enrly Angiosperm2 were differ- 
entinted from relnted forms, nnd thnt therefore, the folinr organs 
in the three gronps mny be considcred ns homologous. But this 
Iiomology can npply to the leaves of Pteridophytes in a very 
genernl m y  only, namely. to such unditl'ercntinted forms of leaves 
ns the ancestors which gave rise to the enrly Gymnosperms? nnd 
Angiosperms: mny be supposed to have hnd. While, therefore, 
the folinr orgnns in the three classes nre to be considered homol- 
ogo11s in their origin, they cnnnot be so considercd in their dif- 
ferentintion and the evolution of lenf-forms in the Pteridophytn 
nlld Gymnospermw, though nnnlogous in mnny points to their 
evolution among the A ngiospermx, should be repnrtled as inde- 
pendent? We mny then consider the " stipule " of the Ophio- 

*See CRrnpbelI, Noses and Ferns, 300. 1895. 
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glossnceoe, Nnrrattinceae and Osinundncece nnd the '' ligrlle " of 
Selaginella and Isoetes as special developments and ns properly 
placed in a sepnrnte category from the nppendnges Itenring these 
names nmong the Angiospermoe. The Qymnospermce present noth- 
ing to  represent either stipiile or ligule and me have left for o w  
special considerntion the ligule, stipule nnd their tiomologues as 
they occur in the various groups of the Angiospermo only. 

Having thus dellned our .  field, we should have, for the consid- 
oration of the problem before us, some conception of what sort of 
plant the earliest Angiosperm wns. In the absence of geological 
evidence this conception must be purely hypotheticnl and, basing 
i t  on n generalization wliich would admit of the differentintion 
from it of nll the varied forms of the modern group of Angio- 
sperms, we can see that it must have been a plant of very simple 
organization indeed. For our presont purpose me need not con- 
cern ourselves with nny other organs of this primitive Angio- 
sperm than the lenves which, from the point of view of the pro- 
posed generalization, must be conceived of 88' hardly more thnn 
the bare rudiments of lenves, mere shenthing scales nt the nodes 
of the plant, serving slightly, if nt all, the function of  nssimila- 
tion which was still subserved, as in its nncestors, by the general 
surface of the plnnt, but confined chiefly to tlint of protection. 
The primitive leaf wns probably pnrallel-veined or npproximntely 
so, giving rise in its e d i e r  differentiation to  the pnrnllel-veinedL 
leaves of the Monocotyledones. The geological evidence indi- 
cates that these nppeared before the Dicotyletlones* wliich must 
have sprung from them Inter a t  one or more unknown points, and 
netted-veined leaves nre of n more recent evolution. Consequently 
the tendency of aquatic Dicotyledones to  revert toward mono- 
cotyledonous structure is rather a case of atavistic degeneration 
than nn indication of the origin of Monocotyledones from Dico- 
tyledones in nncient times through the effects of nquntic hnbit.? 

Now, as advance i n  evolution proceeded, the need of greater ns- 
similative capncity nrose rind, a8 the folinr orgnn was the one best 

*Proleasor L. F. Ward. Sketch of Paleobotany. Fifth Ann. Rep. U. 9. 
Owl. Snrv. 448, 1885. Professor A. C. Seward, on the contrary, d o a  not be- 
lieve that we have &isfactory evidence of pre-Cretseeouci Monmtyledones. 
Notes on the Geologio History of bfonocotylodones. Annole of Botany, 10 : 
220. 18!)8. 

t See Rev. George Henalow. Joar. Lino. Soc. Lond. 29: 485-528. 1893. 
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ndnpted for specinlizntion in this direction, it wns the one upon 
which the ofilce devolved. Every botnnist knows whnt an endless 
vnriety of forms nnd specinl adnptntions of pnrticular folinr 

p r t s  hnve arisen in the coiirse of evolution which was innugu- . 
rnted when this setting nside of the leaf to bear i n  future the 
weight of the nssimilntive function took plnce, or rnther whcn this 
ndditionnl function mas pluced upon it, for the old protective 
function hns nlwnys been retained, though it has become less no- 
ticeable ns the new function Iias ovcrshndowed the old. 

There hns been i n  the line of regetnble descent n progressive 
* development of the folinr orgnn, nnd n history of this devel- 

opment, together with thnt of other organs, if it r e r e  obtainable, 
would give us n complete phylogeny of the flowering plnnts, and 
lenve no niorphological problem iin$oIved,* but as the geologicnl 
record is very incomplete, and we have in the lower Cretnccous 
nn nlrently well developed nnd much differentiated nngiospermous 
flora of the earlier history of which almost notliing is known, we 
m u s t  seek other sources of informntion in determining the homol- 
ogies of parts. At  this juncture we mny snfely follow the exam- 
ple of the zoologists nnd turn to  embryology for the evidence 
which geology, as yet, refuses to give except in fragments 
Among nnimnls, as the phylogeny nnd ontogeny nre found to pnr- 
nllel one another, so we mny feel confident they will  be found to  
do among plnnts when the geological record shall be more com- 
pletely unearthed. 

It hns become n well established pnrt of the theory of evolu- 
tion thnt ench individunl orgnnism epitomizes more or less fully 
i n  its development the historical steps in the evolution of the 
type to  which it belongs.? By tile applicntion of this law of re- 

* “On thisenme view of deacent with niodificition most of the facts in mor- 
phology become intelligible, whether we look to the mine pattern displayed by 
the dinerent species of the eainc c l m  in their homologous organs, to whntever 
pnrpase applied. or to the serial and laterel homologies in wch individunl ani- 
mal and plant.” Charles Doroin, Origin of Species, 1859. Am. Ed. C, 2 .  
264. 1889. Yec also p. 239, el s q .  

t This theory, known ~9 Von BRer’s law, ms promulgated by that scientist 
in his Ueber Entaicklungsgsgeschichte der Ttiiere, ‘M1. 

Scenlso F. M. Bdfour. Comparative Embryology. Ed. 2, 1: 2. 1885 
Opposed to this low is Adam Sedgewick. On the Law of Development 

Qnar. Jonr. Nic,  SOC. ( [ I ) ,  36. 33. 

1R%-37. 

commonly known ns Von her’s  La)!. 
1894. 
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capitulktion to  the development of plants we may arrive nt vnlu- 
able and trustworthy conclusions. The question would at once 
be asked, where shall the embryology of the flowering plants be 
studied, and the answer would naturally be, in the development 
of the seed in the ovary. And here indeed, we trnce in outline 
an epitome of’the course of development from the simple unicel- 
lular organism, represented by the fertilized eggcell of the ovule 
to the highest thalloid form, the “embryo,” with its bud (plu- 
mulc) which is to develop into thc full-formed plant perfect in all 
its parts. For n summnry of tbe further development of the 
Angiosperms we must look to the growing bud which is the 
essential reproductive organ of the sporophyte stnge nnd, doubt- 
less, a more primitive one than the seed, for i t  is common nmong 
the more ancient Pteridophytcs nnd these have no seed. The 
embryo of flowering plnnts does, however, correspond pretty 
closely t o  that advanced stage of development of the eggcell of 
Rome of the higher Pteridophytn now generally spoken of as  the 
embryo and should be regarded ns n young plant in n state of 
arrested development. In this state it remains during n period 
of rest, in n highly specialized environment in the seed, await- 
ing favorable conditions for farther growth. Becnuse of the 
highly specinlized environment of the embryo, it has itself be- 
come correspondingly specialized and lins been variously modi- 
fied to  suit the special condition9 of its surroundings. The plu- 
mule ennnot then be regnrded ns m y  longer representing n prim- 
itive form of bud and its development is so altered by secondnry 
modifications that the series of phylogenetic changes is disguised 
and imperfectly represented. A pnmllel case is found nmong 
animals in the development of Echinoderms, in which the changes 
that have taken place through secondnry modificntioo are so grent 
thnt the relationship of the group cannot be satisfactorily deter- 
mined by developmen tnl evidence. 

It is not then in the seedling that we should expect to find rep- 
rcsentntions of primitive leaf-forms, though later nncestrnl forms 
pnrnllcling those of fossil lenvcs, of which we shnll spenk, are found 
in some seedlings, ns for exnmple in Liriodendron. Brit it  is in 
the growth o l  the less specinlized buds developing under more 
primitive conditions thnt we should expect to  find them. Such 
buds are the ordinary lenf-buds of perenninl plants, nnd especially 
those occurring on bnsnl nnd subtcrrnnenn portions which I con- 
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ceive to  develop under conditions somewlint more primitive thnn 
is the cnse with nerinl buds. But in both these the recapitulntion 
o f t h e  development of leaf-forms mny be traced with n consider- 
able degree of confidence, from the primitive shenthing protective 
scale to the most highly differentinted and complex of modern 
leaf-forms. 

It is nt this point thnt the frngmentnry geologicnl evidence 
sheds its strongest light on the problem under considerntion. In  
the CretaEeous nnd Tertinry florns which preceded the modern, 
the present degree of differentintion hnd not ns yet been attcrincd 
nnd but fern modern species mnde their nppearnnce before the 
close of the Tertiary.* The species, however, which immediately 
preceded those which now exist were very closely reltted to  them, 
being their iminedinte nncestors, and differed from them only in 
showing n somewlint lower degree of differentiation, nnd their 
leaf-forms nre accordingly more primitive thnn those of the es- 
isting species which hnve descended from them. 

Now it is n well-estnblished fnct thnt the lower leaves of young 
brnnches nntl shoots, nnd especinlly of those which spring from 
the stumps of felled trees, nre frequently unlike the adult forms 
which occur higher up nnd bear n closk resemblnnce to the fossil 
lenves of extinct species, so close indeed, ns oftentimes to be in- 
distinguishnble from them. This is strong evidence in fnvor of 
the doctrine that the lower folinr orgnns represent not rcdricctl 
lenves, ns botanists hnve commonly supposed,t but the primitive 
folinr orgnns,antl tbnt iu nn ascending scries from the lowest scale 
to  the mnture add! lenves of the upper pnrt of the stem, giving 
n more or less perfect summnry of the pliylogeoetic development 
of the folinr orgnn from the most primitive type upwnrd to the 
most highly diffcrentintet1.f I n  othcr words, n single stem mny 
represent the whole phylogeny of the folinr orgnns of its type. 
I t  is true thnt there nre simple lenf-forms nliicli hnvc become SO 

.Oar modern species of Coryltt~ are recordetl froin the Eocene by Professor 
J. S. Newbury. Later Extinct Floras of North America. Ann. S. Y. Lyc. 
h’nt. Hist. 9:59-61). 1868. / 

_ ,  

t See DeCandolle. Org. Veg. 2 : 212 1827. 
$“Most modern botanists now regard the varying fornlsof leaf seen on y o ~ ~ n g  

shoota and near the bnse of trees ns rolnnhle hints nt the probnblc atnges 
through which the find forms hare pnasrd in the history of their development.” 
Proleasor L. F. Wnrd. Proc. U. S. Nnc. Mus. 11 :41. 18M. . 
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by reduction but, ns nn orgnn cnnnot be reduced until it  has been 
developed, these nre to be looked for above nnd not below the 
perfect lenves, and nre foiind in brncts, involucral scnles and the 
parts of floral envelopes, reduction taking plnce in inverse order to  
the course of developmeiit, nnd only the most primitive structurc, 
the simple shenth, persists i n  the petals of most flowers, Re- 
duced lenves nre nlso common in pnrneites, and in the florn of 
desert regions ns is well illustrated in some of the Leguminosa 
of Aristrnlin the leaves of which are little more thnn spines, or 
nre devcloped into blndeless phyllodia, while in the seedlings the 
nncestrnl pinnnte or bipinnate forms occur.* 

We thus hnve shown in ench season’s growth of n plant, though 
not clenrly in annuals because disguieed in thc seedling, n more 
or less complete series of folinr orgnne which may for illustrntion 
be compnred with the vertebrnte series nmong nnimnls, the lowest 
lenf-scnles being compnrnble in degree of development to  the sim- 
ple structures of the fishes nnd the most highly developed lenves 
to the complicated ones of mnmmnls. Each leaf in  the series is 
equally perfect for the function it is inteqded to  perform, but the 
lowest of n lower type of orgnnizntion, as are the lishee, nnd rep- 
resenting nn earlier stage in the phylogcnetic series. 

Xow in animals Fe look to the developing egg of the more gen- 
crnlized fishes for the lenst abbrevintcd embryological recnpituln- 
tion of the enrly development of the vertebrate branch, for in the 
mnmmsls t h e  early stages nre passed through so rapidly nnd with 
so mnny disguises ns to  be of comparatively smnll importrace in 
giving the history of the brnnch, unless viewed in the light of the 
embryologicnl development of the lower types. So the lower 
folinr orgnns of a branch or shoot nre embryologicnlly of fnr 
greater importnnce thnn the upper, for in the beginning of the de- 
velopment of one of the upper leaves we hare but the early stnges 
of n highly organized nppendage. These early stnges nre conse- 
quently nbbrevinted nnd more or less disguised. The formntion 
of the stipules in the growth of the upper lenves is therefore not 
n Anlient point in the considerntion of our problem though it lins 
had much stress hid upon it, yet it is of interest to note thnt in 
genernl the stipules appear csrlier thnn the Ieaf-blnde, thus giving 
evidence thnt they nre of more ancient origin. I t  may be nddcd, 

*See Sir John Lnbhock. On Seedlings. 1: 471. 1892. See also p. 440 as 
to the Rirnilnr case of Lalhyru, Aphnca. 
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rind it is n matter of common observation, thnt the petiole is the 
1nst portion of the lenf to  develop ontogeneticnlly nnd is therefore 
t o  be regarded ns the most recent part to  be added phylogeiieti- 
cnlly. This helps t o  explain the common occurrence, of sessile 
nnd petiolnte lenves even i n  different species of the same genus, 
ns vnrintion more rendily occurs in recent thnn in nncient struc- 
tures, while on the contrnry it has been n mntter of remnrk nmong 
even tlie enrlier botanists thnt stipules when they occur iisunllj 
charneterize all the species of a family, nn ndditionnl evidence of 
the nntiquity of their origin. 

Let 11s now tnke up, in the light of the foregoing conclusions 
the considerntion of the destiny of the primitive folinr orgnn ns 
i t  has been modified and developed in the course of evolution. 
For convenience i n  mnking our inquiry, I would divide the , 
primitive lenf into the central-bnsnl, axinl, npical nnrl lnternl por- 
tions. Encli of tliese figures prominently in the evolutionary his- 
tory of folinr organs, for from the originnl condition there lus 
been progressive development along severnl lines of varying de- 
greeg of relntionship and the morphological result of the develop- 
ment of the several parts lins been quite different in the divergent 
groups, so much so ns to render thc question of homology n 
doubtful one to mnny minds. We shall endeavor to estnblish its 
renlitj. 

The laminn of tlie lenf, ns we shall see, has been developed 
chiefly from the npicnl portion, usually from scarcelr more thnn 
a mere point, though it mny also include the nrinl and lateral por- 
tions. Tile true petiole, when present, is developed from the 
nxinl portion,* the shenthing petiole from the centrnl bnsnl to- 
gether s i t h  the lnternl portions, stipules nnd structures of the 
snme significntion from the lnternl portions. It is with the lateral 
portions, tliereforc, that we are chiefly concerned. 

With reference to  the formntion of stipules there nre three 
principle types of led-development : thnt in which the several 
portions of’tbe primitive lenf have developed together into a sim- 
ple unnppendaged blntle, thnt in which n shenthing petiole is 
formed with or without n ligule or ocliren, and that i n  which 
stipules properly so-called nre present. 

111 the first nnd simplest cnse the development of nll tlie parts 
*See 9. H. Vines. Text-hook of Botany, 1: 49. 1804. 
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together gives rise to  sneh leaf-forms as nre found in Vaccinium 
nnd Sassafras, the principal portion of the lnminn being formed 
by the development of the npicnl portion, but including n t  the 
bnse the lateral, central-basal nnd nxinl portions which are c011- 
trscted below into a short petiole. 

I f  we observe the development of the leaf in Sassafras the  
relntive growth of the severnl parts cnn be rendily trnced. The 
first four lenves (fig. 1) nre very simple. In the fifth (fig. 2) con- 
siderable development has tnken plnce. The apical portion, now 
forming about hnlf of the orgnn, is provided m'ith the three typi- 
cnl veins as they appenr in the sdult lenf, but stnrting out sepn- 
rately from the very bnse. The Intern1 portions have renched 
their highest development and each is furnished with n pnir of 
veins. I n  the sixth lenf (fig. 3) there is n very close approach to 
the ndult form. The upper pnrt has expnnded nnd the loser parts 
have elongated, removing the point of sepnrntion of the three 
principal veins of the lenf to n considernble distance from the 
stem. At  the snme time there hns been n bnsnl contraction look- 
ing toward the formntion of the petiole with a considernble de- 
generntion of the Interel portions, o l e  of the beins hnving disnp- 
penred from each of them, while the other hns become associated 
with the midvein. The seventh lenf (fig. 4)  represents the u n -  
lobed ndult form nnd differs but little from the sixth. 

A similnr condition is obswvnhle in Ailanthus glandulosa Desf. 
(figs. 5-10), but resulting in this cnse in the finnl. separation of 

- the lnteral portions ns small gland-benring fugncious stipules, com- 
pnrnblc to those nt the bnse of the lenves of mnny of the Rnnun- 
culncere. The compnrison of Sassafras and Aifanihus slrows how 
small n difference in development may determine n lenf ns stipu- 
lnte or exstipttlate. 

The cnse of Syringa widgaris L. is like thnt of Sassafras, 
though more ditllcnlt to trace, owing to the Inrger number of veins 
in  the leaf, hut the homologies of parts inny be followed more or 
less distinctly from the second lenf up to tlte sixth, the first ndult  
lenf (figs. 11-14). The. lnteral portions are seen to have degen- 
erated nlmost entirely nnd, their bundles having disnppenrccl, they 
remain only i n  the margin of the petiole. 

The Compositre fiirnish exnmples of n similar coursc of develop- 
ment but often with n $loser approach to the true stipular concli- 
tion, ns the lateral portions ore supplied with vnsculnr tisslle by 
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small branches coming off a t  the bnse of the leaf from the mnin 
lateral hundles. 

In  Erigeron annuitm (L.) Pers., for example, there are three 
fibro-vasculnr bundles in the lenf-trace which pass up through 
the central portion of the petiole, converging ns it nnrrows. 
But nlmost immedintely on their depnrture from the stem ench 
of the lateral bundles gives off n branch in the same mnnner ns 
when true stipules nre present. This brnnch forks nt once and 
supplies the wings of the petiole. . In the cauline lenves (Bg. 15) 
its branches can be distinctly trnced into the lower lobes of the 
lenf. The bnsnl leaves of Aster undulatus L. show n conhition 
very closely similar to  that found in Erigeron annuum (L.) Pers., 
but in the cnuline lenves there is a considernble modification by 
which the lnrge lobes of the bnse of the petiole (fig. 16) nre 
formed. The stipulnr bundle curves outwnrd through the lobe 
giving off brnnches which form n net-work supporting its pnren- 
chyma. It then pnsses up through the wing of the petiole nnd 
into the basal pnrt of the leaf. In Solidago juncea Bit., there 
are eleven bundles in the leaf-trace nnd n stipulnr bundle is given 
off on each side, supplying the mnrgins of the petiole. Artemisia 
uitlgaris L. nffords R very interesting vnrintion. The lnternl 
portions of the primitive leaf hnve hrnnchcd in n very curious 
manner (fig. l?), forming several small lenflet-like nppendnges to 
the base of the petiole. Thnt they beloni to  the lnteral portions 
and nre stipulnr in  their chnrncter is shown by the fnct that they 
nre supported by brnnclies of the stipulnr bundle which is given 
off n little higher up thnn in Erigeron, pnsses on through the 
wings of the petiole after giving off the brnpches nnd enters the 
base of tlie blndc as in other cases. This is the nearest npproneh 
t o  the true stipulnr condition tlint I hnvc observed nmong the 
Corn positre. 

The cmbryonic development of tlie foliar orgnn nmong the 
Compositrc is in genernl too much nbbrevinted to give much evi- 
dence in the consideration of the present question, nntl it should 
be so expected from the position which the family holds s t  the 
head of the vegetnble kingdom. 

Pctioles of the kind seen in this type of lenf-development nre 
very often short and usually more or less mnrgined or winged by 
tlic contracted bnsnl pnrts of the lnternl portions of the primitive 
lenf. They are evidently geneticnlly different from the petioles of 
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stipulate leaves which are developed by the elongation of the nxial 
portion nlone. Sessile lenves nlso we of this type, hence the ab- 
sence of stipules, the stipular tissue being incorporated into the 
basal part of the blade. Dut even where stipules are present, the 
lateral basal portions of the lenves are oftcn in the closest 
nnatomical relation with the stipules. This may be seen in Viola 
obliqua Hill (5g. 18) in which, near the bundle which passes into 
the #tipule, n similar onc arises, tnkes it8 cour8e up tho petiole 
supporting its narrow wing and is distributed to  a small part of 
the basal portion of the lamina. We shall find sewrnl cases 
similar to this when we comc to the consideration of the Rosnceoc. 
There is in this a suggestion of the occesionnl separation 6f only 
n part of the Intern1 portions to  form the stipules and the incor- 
porntion' of the remainder into the petiole and blade. 

The second cnse is that of the sheathing petiole ns it occurs in 
the Oraminre, Aracese and Umbelliferre. In  this case the central- 
basal portion of thc! primitive leaf is very largely developed and 
with it the lateral portions which form the mnrgins of the shentlr- 
ing petiole. The lamina and true petiole are later developments 
of the npicnl and nxid tissues. We are strongly supported in 
this view by the fact that the sheathing petiole ie interchangeable 
with petioles of the ordinary type nccompnnied by stipules. This 
occurs in the Umbelliferre. In  Bydrocotyle and n few other 
genera the sheathing petiole is menting and stipules are present. 
The closely related AraZia racemosa L. nlso he8 stipules. Still 
more striking is the case of Comarum palrtslre L. in which the 
bnsal leaves hnve the sheathing petiole remarkably developed with 
no indication of stipules (fig. 19), while the upper leaves possess 
well developed stipules ndnnte for not more than half their length 

But the identity of the mnrginnl tissue of sheathing petioles is 
perhaps best shown in the Ranunculnces. In  the upper basal 
leaves of Ranitnculus bulbosas L., the sepnration of the lateral por- 
tions is seen nctunlly to hnve begun, presenting exactly the n p  
penrance of ndnnte stipules. The development can be clenrly 
trnced from below upward. The first lenf has n short sheathing 
petiole of the ordinary type (fig. 21). This is slowly modified 
till in  the fourteenth leaf (tlg. 22) the vasculnr brindles have drnmn 
closer together, the shenth has grown shorter and the brond lateral 

(fig. 20). 
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portions, hyaline in texture and requiring no special eupport other 
than thnt of the surrounding leaves, are rounded off dietinctly a t  
the top a t  the point of beginning of the true petiole. I n  the 
6fteeuth leaf (fig. 23) there is n farther reduction i n  size and the 
tips of the lateral portions are free. Another interesting cnse 
among the Rnnlrnciilnces is that of Thaliclrum polygamum Nu& 
in which the shenthing petiole is of n very generalized type (flg. 
24). The lateral portions are chiefly hyaline, though sometimes 
fnintly netted-veined and their margins turn in at the apes and 
incet in the central dorsal channel of the petiole a t  its bnse,form- 
ing a ridge between the sheathing nnd true petioles. This ridge 
supports a very nnrrow hyaline membrane which nppenrs to me 
as the rudiment of a ligule. It would become typical by a little 
further development of marginal tissue. I believe this to  be the 
origin of the ligule aherever it occiirs, though it does not appear 
SO clearly evidenl in highly specialized groups, nor should we 
expect such to be the case. There is dso present a t  the first and 
second forkings of the petiole R trnnsverse hyaline scale very 
much like a ligole. 

It is noteworthy thnt the ligule alwnys occurs in connection 
with the shenthingopetiole, ns in the Qrnmines nnd Cypernces, 
or ahere there is evidence that there has been n eheathing petiole 
which hns disappeared by degenerntion, leaving the ligule nxillary 
ne in some of the Nnindaces which we shall presently consider. 

When the ligule lins developed siifflciently to  require special 
support, it i R  supplied by the introdnction of vasculnr bundles. 
These bundles hare their origin most frequently as tnngentinl 
branches of the main leaf-bundles nt their point of pnssnge from 
the shenthing petiole into the true petiole, or, where the latter is 
undeveloped as in the grasses, into the blade. This mode of ori- 
gin of the ligolar bundles is seen in some of the tropicnl grasses 
and in the ligular portion of the stipule of the Snindacere and the 
ochren of the Polygonnccre. Richardia shows nn exceptional ve- 
nation of the ligule. 

The best marked examples of the shenthing petiole nmong the 
Monocotyledonesare found in the Braces, the Cyperaces nnd the 
Graminere. If we examine a developing plant of the common 
hobhouse calla (Rzchardia Africana Kunth.), the first leaf (fig. 
25) is seen to  be n short, brond shesth, the second (6g. 26) hm in- 
creased to a considernble length and the npicnl and nxial tissues 
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hnvo developed into n minute blnde nnd petiole. The third lenf is 
of the adult form, but srnnller, thoiigh all the pnrts hnv6 incrensed 
very milch in size. This is contrary to whnt is observed in 
Ranunculus where the shenthing petiole degenerates while the 
other parts advance. The margins of the shenthing petiole of 
Richardia curve inwnrd a t  their hpices and meet in the middle 
line of the leaf ns in the case of Thaliclrum polygamum L., but 
they nre much bronder nnd form n distinct ligule which is sup- 
ported by the incurving and union of tho marginnl veins of the 
ahenth instend of by tangcntinl brnnches. I n  Ariszma triphyl- 
liim (L.) Torr., the transition is not so well mnrked,oring to the 
sninll number of lenvcs the first of which is but n shentli ns in 
Richardia, while the second bears a mature lamina. 

Scirpus polyphyllus Vnhl. (fig. 27) will serve well to illustrnte 
the ligule in the Cyperacea?. I1 is but little developed ns n slight 
hynline outgrowth upon the ridge a t  the union of the slreath m d  
Inminn, but the sheath is closed, as is typical in the family. and n 
little farther development of marginal tissue mould produce nn 
ochrca. Typicnl of the ligule in our common grosses i s  that of 
Phalaris arundinacea L. (fig. 28). It consists of n considernble 
outgrowth of hysline tissue which is continuous lnternlly with the 
marginal hynline tissue of the shenth. This continuity strongly 
sirpports the position tnken ss to  the origin of the ligule. The 
purpose of the ligule is evidently to prevent the flow of wnter 
from the upper pnrts of the lcnf down between the sheathing pet- 
iole and the stem which together with the nxillary bud it invests 
and protects, nnd neither the ligule nor the primitive ridge which 
bears it are found in those cnses where the sheathing petiole does 
not closely invest the stem, st lcnst in the early stages of growth, 
and its purpose could not be in any considernblc measure ful- 
filled. 

The usunlly nxillnry position of the " stipulc " in tlie Nniada- 
ceE has occnsioncd considerable discussion ns to its real re- 
lation to  the ligule of grasses nnd to  stipulcs proper. Thnt i t  
is in renlity a development of the Intern1 portions of the primi- 
tive lenf, and that it corresponds to the ligule togcther with 
the margins of the shenthing petiole of grnsses and is rendered 
more or less nenrly sxillnry by the degeneration of the centrnl- 
bnsnl portion, becomes clenr from tlie fnct tbnt in  some species of 
Nniadncere the sheathing petiole retnins s considerable degree of 
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ahnt  should be regnrded as its nncestrnl development, nnd n con- 
dition nppronching that which occurs in grasses is found. Po- 
tamogeton crispas L. is one of our species which will serve well for 
nn illostrntion. The first lenves do not develop n blade, but the 
lnternl nnd centrnl-bnsnl portions nre well developed. In the ndult 
leaves there is prescnt a true sheathing petiole (fix. 29). The 
fibro.mscular bundles of the centrnl-bnsnl portion pnss into the 
blade, giving off tangentially, nt the poiut of trnnsition from 
sheath to blade, the bundles of the ligiilnr pnrt of the stipule. 
The brindles of the lnteral portionsdo not in this case curvenbout 
to  join, those entering the blade but nre prolonged upward, re- 
m i n i n g  pnrnllel nnd supplying the lnternl portion: of the etipiile 
with supporting tissue directly. In  dllhenia $liforniis Petit. 
(65 30), the conditions nre more primitive in the larger relative 
development of the lnteral nnd centrnl-bnsnl portions. In  Ruppia 
the ligule is not developed, nnd the tips of the lnteral portions 
are free as in ordinnry adnnte stipules. 

The condition found in Polanlogelon is nlmost exactly repeated 
in Polygonella arliculata (L.) hIeisn. (fig. 31). The ochren is 
cylindricnl, surrounding the stem. The central-bnsnl portion is 
long and nnrrow, bearing nt its npes the terete laminn which is 
deciduous before flowering. The lnternl portions form the prin- 
cipnl pnrt of the shenth, are parnllel veined with n few anastornos- 
ing bundles nnd nre prolonged above the centrnl-bnsnl portion, 
groming in d o n g  the ridge between it and the Inminn. This middle 
portion shows its origin by n deep median sinus nnd receives its 
bundles typicnlly ns tnngential brnnches from those entering the 
Inminn. We do not hnve then in Polygonello n typical ochren ns it 
occ~irs in Rumex nnd Polygonurn, where, because of the small de- 
velopment of the centml-bnsnl portion, the shenthing petiole is 
v q y  short or almost wholly wenting. The lamina, being of much 
grenter importance thnn i n  Polygonella, receives all the bundles of 
the lenf-trnce. They nre more or less abruptly deflected into the 
true petiole,generally developed in these genern, nccording to  the 
degree of degenerntion of the centml-basnl portion. The lnternl 
portions receive their supporting bundles ne branches of the lnteral 
ones of the lenf-trnce. In  Polygonurn sagiltaturn L. (fig. 32), the 
mnrginnl tissues do not extcnd ncross the petiole and we hnve n 
stipule opposite the leaf. In Rumex c r i s p s  L. (fig. 33) and 
Polygonurn Virginianuni L. (fig. 31), the ochren is completc and 
tile axillnry pnrts receive the typical tnngentinl bundles. 
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The ochrea of palms is doubtless of the same chnrncter, though 
I hnve not had opportunity to  examine its anstomicnl strilcturc. 
I n  those species which I have examined morphologicnlly, the case 
is  thnt of the ochrea nssociated with a remnrknble development 
of the shenthing petiole. There is no true petiole nnd the ligule 
may be seen even a little above the bnse of the blade on the upper 
surface of the midrib. From this point the Intern1 portions may 
be trnced down the margins of the sheath, though dried np nnd 
very much torn and broken by the more rapid development of 
the central tissues, till they unite with those parts which in their 
development have formed the ‘‘ ochren.” The degenemtion of the 
shenthing petiole with the probable concomitant formation of n 
true petiole would give the same conditions as in Polygonurn 
with its typical ochren. 

The ochrente stipule of Plalanus difl‘ers little, morphologically 
from the typical ochrea, except in the absence 6f development of 
the central-basnl portion nnd the possession of a horizontal limb, 
but there is no fibro-vasoulnr. support for the ligulnr pnrt and this 
ueunlly splits, lenving appnrently a single stipule opposite tbe 
lenf. 

The cnse of the tendrils of Smilax is one which has occasioned 
much discussion, but the embryologicnl togelher with the rtnntom- 
icnl characters make it sufficiently clear that i n  Sniilax the ten- 
drils nre true stipules found in connection with the sheathing 
petiole. If a young shoot of Smilax rotundifolia L. be esnmined, 
the first lenf (fig. 35) is seen to be of the typical primitive form. 
In the second (fig. 36), the apical portion hns developed into a 
blade of considernble size and there is n well-marked shentliing 
petiole. In  the third (Bg. 37), the true petiole has begun to de- 
velop, the central-basal portion is degenerating nnd a t  the same 
time the lnternl portions hnve begun to sepurnte, forming rudi- 
mentary tendrils which in the adult leaves come to considerable 
length by secondnry development in ndnptntion to  their new nntl 
unusual function of support. In  cross section the bundles of the 
tendrils are seen to  arise ns brnnches of those of the petiole, so 
tlint nnatomicnlly, ns well as embryologically, they nnswer to true 
stipules. 

Paslinaca saliua L. (fig. 38) furnishes n good exnmple of the  
shenthing petiole nmong the Umbelliferoe. The lnternl portions nre 
broad and furnished with several vascular bundles pnrnllel with 

. 

, 
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those of the central bnsnl pwtion. The lnternl portionp remnin 
of considerable breadth to  the top where they are distinctly 
rounded off, and their bundles, with the exceptioii of two or three 
of tho exterior ones. curve around nnd unite wi th  those entering 
the petiole. This free condition of the exterior lateral bundles 
with tlie nnnstomosing network bet\Seen tliem shows n consider- 
nble degree of nppronch to the true stipulnr condition. 

In the third cnse triie stipules nre developed. They nre formed 
by n very early sepnrntion of the lnternl portions from the main 
body of the primitive lenf, n sepnrntion which cnn be very clearly 
trnced progressively in the embryologicnl history of leaf develop- 
ment. The function of the Intern1 portions in their primitive 
connection with the mnin body of the folinr orgnn is, in  common 
with the other portions, protective, nnd \rhile the npicnl portion, 
linring had plnccd upon it the specinl function of nssimilntion, 
goes on i n  its derelopment together with the nceessory axinl por- 
tion i n  ndaptntion to this purpose, tlic lateral portions usunlly 
serve their niicient function only, sharing it with the central-bnsnl 
portion when this hns not disnppeared by degenerntion. The 
centrnl-basal portion nlso supports the mnin body of tho leaf, R 

function from which the lnternl portions hnve been freed by sepn- 
ration. 

It is in consequence of this sepnrntion thnt all the main vnscu- 
Inr bundles of the lenf-trnce in the third type of leaf-development 
are deflected townrd the centrnl one thnt tliey may pass u p  through 
the petiole into the lnminn nnd give the required support to these 
importnnt parts. The support of the lnternl portions is left to 
compnratively smnll Intern1 hrnnches from the two exterior bun- 
dles of the tmce, evidently developed expressly for the purpose. 
This we mny conclude, since vascular tissue is the most modern 
of plnnt tissues nnd introduced becnuse of the necessity of sup- 
port in the evoliitionnry development of the primitive ground 
tissues. It would, therefore, follow and not precede tlie evolution 
of lenf-forms, being introduced where needed and disnppearing 
ngain when degenerntion or otlier support of pnrticiilnr parts ren- 
ders its presence iinnecessnry. This mill nppear in  some of our 
exnmples. In  the first nnd second types of lenf-development tlie 
lnternl portions mny retnin i n  greater or less degree their inde- 
pendent venntion. 

ANSALE N. Y. ACAD. SCI., S, May, 1897.4.  
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As the other portions of the primitive lenf hnve been SO won- 
derfully modified in the course of their development nnd nltered 
from their original condition, so the freed laternl portions to 
which me may now npply the term stipules hnve not retained their 
primitive proportions in ndult lenves nor the identity of all their 
pnrts. But ns the centrnl bnsnl portion has often.almost wholly 
degenerated, the same thing hns hnppened to the basnl pnrts of 
the lnteral portions. The parallel degeneration of the two por- 
tions has brought the stipules into closer and closer apparent re- 
lation to the stem, so much so ns to lend to the enquiry whether 
they nre not accessory leaves nnd to  suggest their origin from the 
reduction or lack of development of a portion oP the lenves ns in 
Selaginella and their subsequent nssocintion in close relation to 
the larger ones, but in n11 my investigntion I hnse not found 
the slightest evidence in support of this theory. The degencr- 
ntion of the stipules may continue until they become sesti- 
gin1 or finally disappear altogether. This is evidently the cnse in 
those fnmilies of plants n few species only of which still possess 
stipules, ns for example the Caprifoliacere. 

But opposed to the basnl degenerntion of stipules, there hns 
very commonly been a longitudinnl devcloprnent corresponding 
to  thnt 1)y which the lnminn hns been evolved. This has resulted 
i n  the adaptation of the stipules to the peculinr requirements of 
ench genus and species. Often in this socondnry development 
they remnin membranous, serving the protective fiinction only, 
and when free nre enrly deciduous. But in numerous cnses they 
liare acquired the nssirnilntive function also, developing abundant 
chlorophyll and sometimes,ns in the pea (Pisuni satiuium L.), be- 
coming of equnl assimilntire importance with the lamina. In  
Lafhyrus  Aphaca L., they even replace it2lmost entirely. 

Among all these varying forms we should expect to  find closer 
similarities in those plant groups of nenrer relntionship ns we d o  
in floral structures, 2nd conversely these similnrities of folinr de- 
vclopmeot should nlso point to relationship, due allowance being 
made for parallel development in adnptntion to  similnr environ- 
ment nnd for secondary functional modifications which find mor- 
phological expression. Also in types more recently evolved nnd 
more highly differentiated wide divergence from the typicnl mode 
of development mny be looked for. The Cnprifolince~, before 
mentionedpeof such a type,mith stipules usnnlly whollx aborted; 
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nnother is the fnmily of the Rubincm with nnomnlous stipulnr 
development in the group of the Stellnta. The onks also, though 
of lower orgnnizntion, nre an ndvancing type and still actively 
undergoing differentiation as evinced by the close relationship nud 
difficulty of determinntion of the species of nny given group. In 
this genus nll but the upper part of the primitive leaf bns disap- 
penred by degenerntion even in the earliest stnges represented in 
embryonic leaf-development, and the well developed stipules nre 
distinct and separate from the very bnsc of a developing shoot. 
S o t  until the fifteenth node, in Quercus rubra L. (fig. 39), is therc 
nny nppeyance of laminn. The npicnl portionBof the protophyll 
must however be regarded as potentially present between the 
stipules a t  their bnse. I t  begins its development unusually late 
in the serics and esliibits several stages, of which the twentieth 
leaf (flg. 40) is illustrative, before reaching ndult size. The nxial 
portion of the protophyll being nborted, the petiole, here ngnin n 
short one, is formed by the contraction of the bnsal part of the 
lamina itself. The case of Fagus is very similnr, but the lamina 
appenrs ns enrly as  the eighth node (fig. 4 l ) ,  indicating a less de- 
gree of specialization. In relnted genera n different course has 
been followed. The lnminn develops still earlier nnd the stipules 
of the lowest nodes nre united, scpnrnting only on the nppenrance 
of the first accompanying lamina. 

In the fnmily of the Juglandaces the genus flicoria furnishes 
n very interesting example. The lower folinr organs nre of the 
primitive type with nn unusunl development i n  size in some 
species. The transition to the ndult leaf-form is commonly 
rnther nbrupt, but I have observed, in both Hicoria alba (L.) 
Britton and H. microcarpa (Sutt.) Britton, the frequent occur- 
rence of intermediate forms, the Intern1 portions remnining ns 
typicnl ndnnte stipules (fig. 42). 

I have not seen the typical representntion of embryonic lenfde- 
velopment better exemplified thnn in the cnse of Baptisia linc- 
toria (L.) R. Br. where a t  n glance one is struck with its clenr- 
ness. It is nlso especinlly fu l l  nnd accurate ns occurring i n  the 
development of suhtcrrennenn buds. The first five leaves arc es-  
tremely primitive, completely surrounding the norle, t11011gh only 
slightly developed onone side. The fifth (fig. 43) shows at  its n ~ e s  
nminiite npicnl tooth, the beginning of the lnmina which is farther 
developed in the sisth leaf. In the seventh (fig. 44)  the three lenflets 
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nre plninly distinguisbnble, the petiole hns begun its development 
nnd the sepnrntion of the stipules bns made considernble ndvnncc. 
The ninth lenf (fig. 45) is well devcloped,with the Inrge stipules 
still showing considernble ndnntion. But i n  the tenth (fig. 46) 
they nrc wholly free nnd much redyed,  nnd higher r i p  disappear 
nltogether. We could hnrdly had  n mure complete series in  
illustrntion of tlic forinntion of s t ipdes ttinn tbie,giving ns it does 
ill the stnges from an extremely primitive leaf.form to thnt very 
highly organized condition nliero the stipilles hnve entirely dls- 
nppenred. By a compnrisoi of the venation in the seventl~ and 
ninth lenves, it will nppenr thnt the sepnrnte condition of the 
stipules hns been nttnined in the mniiner alrentlgdescril)ed, pnrtly 
by thc formition of nn npicnl cleft, pnrtly by tlie dcgenerntion of 
tlie centrnl-bnsnl portion bringing the bnse of the cleft lower down. 
Mennwhile there has also been n considernble npicsl development 
of the stipule itself. Rut this incrense in size is lost again i n  the 
tcnth lenf nnd the reduction continues to lnal nbortion. Nrli- 
/01118 nlba Lnm. presents very similnr tlioiigh somewlint less 
primitive conditions. 

While considering Ieguminons plnnts, n few rords concerning 
stipels, which nre so cbnracteristic of the fnmily, would be in 
place. They hnve been denominnted as “ the stipules of lentlets,” 
but I nm convinced tlint tiley tinre no connection with stipiiles 
whntever, but tlint they represent radimentnry leaflets which hare 
their origin in R tendency to increitsed cornpoiinding. The habit 
lias become so fixed in the Leguminosn! thnt evidence of its ori- 
gin is seldom met with. I linve however seen, i n  Lespedeza cnpi- 
lnla Jlichx., one of the earliest lenves with the terminnl lenflet 
only deueloped and the two lnteinl one; repreaented by stipels. 

I have found more light on the question in other families whcrc 
the snme tendency to  increased corn poiinding often occurs. In 
Sanguisorba Canadensis L. (fig. 4 7 )  for example, very vigorous 
plnnts sometimes show ruttimentnry lenflets, more developed in- 
deed thnn typicnl stipels, hut i n  the snme position. Their chnr- 
nctcr ns lenflcts of sccoiitlnry rnnk is evinced by their occnsionnl 
removal to s little distance from the primnry petiole. A more 
striking cnse is thnt of Sun~bucus Canndsnsis 1,. In this species 
the leaves of young shoots springing up where the bushes hnve 
h e n  clenrcd nmny nre frequently pwtinlly bicompound nnd tlicre 
nrc d l  grntlntions between the ordinery pinnnte form nnd the 



bipinnnte condition (figs. 48-50). I n  this case it is remnrknblc 
tlint the first nppenrnnce of the sccontlnry leaflet is in the slinpc 
of n smnll body with both the form nnd position of n stipel, with 
the snine smnll supporting vein niitl differing oiily i n  grenter thick- 
ness. These fncte seem to give evidence siiflicicntly conclusive 
that stipels w e  in rcnlity rudiinentnry 1e:iflets. Thnt their de- 
velopment is not confined to tlie Leyiminos:e is fnrtlier sbown by 
their chnrncteristic occurrence in SfaphylPn trifolia L. 

Another frequent folinr vnrintion among the Lcgurninosn? iS the 
development of the pliyllodium, whiclt might be thought to hnve 
some connection with tjtipiilcs, but the presence of both together 
i n  some genern disproves the iden.* The .stipules in the Legu- 
minosle often tnkc tbc form of spines wliicli serve for thd general 
protection of the plant. We linve nn csnrnple in the well known 
Robinia Pseudncncia L. (fig. 51). In some of the tropical h a -  
cins,as for exnmple A .  spndicigern C. 8 S. (fig. 52), they tnke tlie 
forin of enormoiis hollow horns which are npproprinted ns homes 
by some species of nn ts.? 

Sambiicus Canadensis L. presents another remarkable char- 
ncter. The lcnves of the vernnl shoots from subterrnnenn buds 
are furnished with stipitles of the same form nnd in  the snme po- 
sition ns those of Snitibitccts Ebitlcrs I,., but smnller. There nre 
four of them a t  encli node, they are ovate or nenrly orbiciilnr i n  
form, smnll, rnther Heshy m i  persist but n short time. Each is 
supplied with n smdl vascular bundle, originnting as n branch of 
the nodal girdle which connects the lenf-traces. These facts 
give evidence of tlie close relationship of these two species of 
Sumbnctcs, and of the chnrnctevistic presence of stipules in the 
nncestral form. In Suntbucus Ebitlus I,., they nre still typically 
developed, but i n  oiir species lisvc bccotne so fnr  vestiginl ns to 
:ippenr only in connection with the enrig leaves of shoots froni 
subterrancnn buds, nn ntltlitionnl evitlence of the importnnce of 
the lenf-forms successively developed from siich buds, i n  their 
bearing on the evolutionnry tle~~clopment of niotlcrn ntlult form$. 

I f  now we turn to tlie family of  the Roswex we sbnll tint1 mnny 
illustrntive exniiiples of the same facts ns those borii out i n  the 
cnse of HaptiRia lividorin (I,.) It. Br. I$ut it frcquentlj Ilnlqiens 
ttint bnsd (legenerntion cloes not take plnce or. is o111j pnr t in l ,  re- 

. 

. .- . -. . . ___. -. --- - -  - 

* Benthem nut1 Xueller. Flora of Aiistmlin, 2: 301. 1P64. 
t Belt. Xntiimlist in Sicmmopun, 21P. lU74. 
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sulting in tlie ndnnte stipules charncteristie of so mirny genera nnd 
species of the fnmily. Agrinionia sfriala Michx., in  the develop- 
ment of its subterrnneoii buds in the epring, presents an ovcellent 
serics of embryonic Ienf-forms. The lower ones nre nll simple 
sheathing scnles completely surrounding the stem n t  their inser- 
tion. 9ot until the eleventb lenf (fig. 53), which is three-toothed 
a t  the nper, does the differentintion of pnrts begin. The central 
tootli is the beginning of the blnde with its petiole; the lnternl 
portions with their tips now free nre the stipules. To any t h n t  
they are '' ndnnte" indicntes only that they rctniii their primitive 
connection with the central-bnsnl portion. In tlie twelfth lenf 
(fig. 54) ,  there lins been some bnsal degenerntion,ns shown by the 
lower point n t  which the three mnin bundles of the leaf converge 
nod the lower position of the zigzag plesiis of the stipular veins. 
The free tips, on the other Iinnd, linve incrensed in size nnd a smnll 
blnde supported by n petiole is present in consequence of the de- 
velopment of the ceairnl tooth. The fifteenth lenf (fig. 55) shore  
a stronger development of nll the parts, and n branch of the ninin 
s t ipdnr  bundle is seen to pnss lip the petiole. The ndult form is 
nttained in the seventeenth leaf (fig. 56). In  it some further 
besnl degeneration b s  tnken place, but the ndnntion of the sti- 
pules is still very prominent. 

Prunus Cerasus L. gives n very good morphologicnl series, but 
the venntion is obscure. A view of the severnl forms can be lind 
by nil esnrninntion of the tenth, thirteenth, fifteenth, sixteenth 
and seventeenth lences (figs. 57-61). They show the trnnsition 
from the simple primitive scnle to  the mnture condition in which 
the stipules nre rendered entirely free. The ~ e r i e s  is similnr in 
Rubus occidetitalis L., Pyrus dlalus L. Rnd Pyrus comiitunis L. 
In Rubics eillosics Bit. (figs. 62-66), the bnsnl degenerntion is not 
carried quite so fnr nnd the stipules in the adult lenf-forms re- 
main ndnnte for some distnnce from the bnse of the leaf. The. 
tips of the stipules have tnken n lnrger compnrntive development 
thnn i n  ilgrimonin. Anntoniicnlly, however, fiubuv villosus Bit. 
resembles the latter in having n vein which enters the petiole, 
neighboring to the main slipulnr brindle much ns in Viola oblipra 
Hill (fig. 18). The venntion i n  Pyrtcs dfalus L. (fig. 67) is still 
more like thnt in  d g r i n ~ o ~ i a .  

TIN stipules of Fragnrin nnd Rosa  how the highest degree of 
sdnatioii and little, if m y ,  bnsnl dcgencrntion seems to hnre tnken 
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plnce, tho@ the lnternl lenf bundles curve in townrd the medinn 
one a t  but n short distnnce from the stem. This arrangement of 
the bundles is probnblp secondary in these forms for the purpose 
of giving n firmer support to the leaf by nn axinl concentration 
of tlie vnsculnr tissue in the shenth nnd n corresponding thicken- 
ing of the surrounding tissues, s firmer su*t thnn could be 
given by only three bundles if they did not converge till they np- 
pronched the point of their entering the petiole. The venation of 
the stipules is nlso peculiar. In  Fragaria Virginiana Duchesne 
(fig. GS), there is n single strong bundle running out into tlie free 
tip of the stipule. From this nre rcent out one or two wenk veins 
above, nnd below there is n fitint vnsciilnr network confined mostly 
to  the region of the tip nnd extending in n long curve townrd tlie 
outer portion of the bnse. where it grndually fndes out without 
forming nny connection with other vnsculnr tissue below. This 
condition seeme to  indicate n former bnsnl connection of these 
stipulnr bundles, either with tLe lnternl brindle of the leaf or pos- 
sibly with those of the stem, forming nn ndditionnl leaf-trace bun- 
dle distributed to the stipules only. The former case is fnr more 
likely. A probnble evplnnntion of this degeneration of the bnsnl 
stipulnr bundles can be found by n consulerntion of the conditions 
of the environment. All the leaves being bnsnl, the stipules are 
clustered together and nre supported by one nnother nnd by the 
surrounding soil. They nre more or less fleshy, destitute of clilo- 
rophyll, and in their moist surroundings loss of mnter by evspo- 
ration is compnrntively slight. A11 these circumstnnces lessen 
the necessity of the supply of fresh sap. The rnpidly conducting 
vascular tissue has come into disuse, nnd its degeneration nod 
disnppenrnnce is tlie nnturnl consequence. The snmc nrrnngement 
in forms with lenfy stems is not so readily esplninnhle except by 
the supposition that the arrangement is nncestrnl. This seems 
rnther evident in the cnse of Bgriaionia striata Michx. (figs. 53- 
56), where the snme conditioii of the bundles o c c ~ r s ,  for the 
earliest lenves representing the nncestrnl forms develop under, the 
snme conditions ns the adult lcnves of Fragaria. nut  in  &sait 
would be by no menns clenr did we not hnre sucli intermedintc 
types ns Aqrimonia. Rosa huniilis Marsh. (fig. 69) mny be tnkeii 
ns typicnl of the genus. The renntion of the tip of tlie stiprilcs 
is nenrly like that in Frafprita, but wi th  n little Inrger tlcvelop- 
ment above the mnin bundle. The vnsculnr network below is 
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much more extei~sire nnd is re%nforcetl by severnl srnnll brnnchcs 
from the lnternl bundle which enters the petiole, below thc mnin 
stipulnr brnncb. This ndditionnl supply of vnsculnr tissuc is cvi- 
dentlp rendcred nccessnr.y by the exposure of tbe stipules t o  tlie 
light nnd nir nnd the development of ohlorophyll. I t  seems to be 
of secondnry introdaction. 

The nearest nppronch to the stipolnr conditions o c c ~ ~ r r i n g  in 
Frayatia and Rosa which I have observed nmong tbc Legonli- 
n o w  is found in the ndnntc stipules of Tri)”oliicat pralense 
L. ( fig. 70). There are two sets of stipulnr bundles. One of 
these supplies the tip of the stipule nud consists of three reins of 
which the lowest corresponds to  the single lnrge bundle of the 
tip of the stipules of Fragaria and Rosa. The other has its ori- 
gin as branches from the Intern1 buutlle of the leaf-trnce a t  the 
hase of the lenf, the usunl point of origin of the veins of free s t i p  
ides. This set of reins is distributed to the lnternl nnd bnsnl 
parts of the stipules and nppnrentiy corresponds to  the lower net- 
work of the stipules in Fragaria. These stipules  re mninly 
protective in function. Their meshes are. filled with hydine tis- 
sue, but there is some green parenchymn d o n g  the veins. 

Two very interesting cnse3 in the fomily of the Rosacerr: nre 
those of Cl/flbrtia yraminea L. f. of South Africa ( fig. 7 1  )nnd 
Poletititla fruficosa L. ( fig. 72 ). In the former the leaves very 
closely simulnte those of grnsses with the linear lnminn sessile 
upon n shenthing petiole. They differ in hnving the tips of the 
lnternt portions (stipiiles) free instend of turning in across the 
insertion of the lnminn to form n ligule. In the latter the con- 
ditions nre very closely similar to  those of the ochres of Polygo- 
num. There isn short sheathing petiole, nbowtbe apes of wliicii 
the tips of the stipiiles rise. Ench of them is supported by n 
strong vein which tias its origin at the bnse of the true petiole. 
But instend of being free from one nnother ns in Rosa, the stip- 
ules are connected bnck of the petiole by n bynline ligalar tissue. 
The lntcrnl portions of tlie sheathing petiole are nlso rinited to 
one nnothcr on the opposite side of the stem, a t  least i n  yoong 
leaves, to n considernble degree. Thus nn ochren is formed, not 
quite 8 tppicnl one it is true, yet more nenrly so than thnt of 
i’o~ygon10n sa!littatunt L. ( fig. 32). 

The fnct that ~i ic l i  forms as these cnn occur in the s m e  family 
of plnnts dong with typicnl stipiiles, both ndnnte nnd frce, goes to 
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SI ION how smnll is the renl difference between the vnrioiis stipulnr 
forms. Not all Rtipulcs possess supporting tissues but, just ns is 
tlie cnse i n  the ligule of most grnsses, mny be without nny fibro- 
vnsciilar biintlles whatever. This is the case i n  Vifis,.in Purlheno- 
cissus nnd Hydrocolyle. Vi f i s  Labritsca L. (fig. 73) shows n 
somewhnt thickened centrnl strenknt the bnse of the membranous 
stipule, but i i i  Hydrocolyle Amaricatia L. (fig. ?a), the thickness 
is uniform nnd tlie stipule very thin. ‘l’hese fncts give some nu- 
tliority to  the supposition tlint the pectinnte interpetiolnr nppen- 
dagee which occur i n  the Composite IVillorcghbya scatidens (L.) 
Krintze (fig. 75) nre true stipiiles. They nre hynline in texture, 
without eupporting tissiw, nnd mny possibly be merely of epider- 
mnl origin. To determine this point requires opportunity to  ex- 
nmine their development. 

It is of importnnce to state thnt the tendril of the Cueurbitn- 
cee,  regnrtled by many ns R stipule, has becn determined by m a -  
tomicnl examinntion to  represent the first leaf of the nsillnry 
bud.* The spines of Xnnlh,iuni spittosicst L., simalnting stipiles 
in  position, are degeiiernte pistillate flowers. As proof of this, 
they often benr n greater or less number of hooked prickles like 
those of the flowers, and there may be n spine on one side nnd  n 
tlomer on the other, Rhowing them to be of the same significnnce.t 

The stipulesof Complonia peregritin (L.) Coulter (fig. 76) tle- 
nied by some to be properly so.cnllcd, do not differ nnntomically 
from other stipules notwithstnnding their peciilinr morphology, 
2nd are to be included wider tlie term. Oneof tlie chief reasons 
for their exclusion seems to have been the nl)sence of stipiiles i n  
N y r i c a .  This is doiibtless n cnse pnrdlel with tlint of Vzbrtrnunr, 
of aliicli most of the species have lost their stipiiles by dcgener- 
ntion. 

While it is not n genernlly ncccptcd view, there is no good renson 
why stipules should not sometimes be distingiiishnble i n  fiord 
parts. They w e  clearly present in  the sepnls of Rosa and Rliodo- 
(!/pus, and the smaller intermedinte lobes of the cxlyx of Potenlilla 
probnblg represent pairs of rinitetl stipiiles, oue from ench neigh- 
boring cnlys-lobe i n  the ninnncr ot’ interpetiolar stipii1es.l The 
teeth of the filnment in Deulzia nre very suggcstiw of stipules i n  

. . . -_ - - .- - .- . . - -. - . . ....-.-. ...-.... . . -  
*See Lestihondois, Bull. Soc. Bot. Fr. 1: 746-747. 1G7. Cited OD p. G. 

t Seealso Clos. hleni. Acntl. Sci. Toolouse, ( I V ) ,  6: 66-75, 1876. 
See Eogler and I’rnntl. Pflnnzeu Familien. 3: Abt. 3, 6. 1894. 
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stamens, nnd the corona of Silene may very probably represent n 
ligule. The glands of the leaves of Ranunculncere which have 
been homologized with stipules, a8 already stated, can often be 
trnced up iiito the Bowers and are familinr in connection with the 
petnls of Ranunculus. 

One of the most interesting families of plnnts in the develop- 
ment of its stipules is thnt of the Rubincere, the development 
being very unusual in the group of the Stellntse. Though the 
foliar anomaly in this group was early remarked upon and was 
anntomicnlly esplsined as  early as 1840,* there are considerations 
which mnke its present discussion desirable. 

In  tho greater part of the fnmily the leaves are opposite, or oc- 
casionally in whorls of three as in Cephalanthus occidentalis L., 
and are usunlly stipulate. The stipules are of variable character 
nnd often interpetiolar, the ndjoining stipules on each side of the 
stem being connate. In  the group of the Stellate however, com- 
prising ten or twelve genera, the stipules usually are npparently 
wanting and the leaves in whorls. There ig a tendency toward n 
verticillate nrrangement of the lesves in others of the Rubiacere, 
as shown by the frequent occurrence of whorls of three in usanlly 
opposite-leaved species. Kow an anatomical examination of the 
whorled leaves of Jlollugo verticillata L., Silene stellata ( L . )  
Bit. f., Leptandra Virginica (L.) Nutt. and Cephalanthus occi- 
denlalis L. reveals the fact that in other families, as well as in 
the Rubiacea! exclusive of the Stellntce, each leaf of any whorl 
receives its tibro-vascular bundles directly from the cnuline cylin- 
der. But in Qalium the case is different. Two leaves only of 
the whorl receive their bundles in the manner stated, and only 
these two produce buds in their a d s .  A11 the others receive their 
vascular supply from what mny be termed a nods1 girdle, ench 
half of which is formed by the union of two bundles arising, 
one from ench of the two 1eaf.traces in the snme manner nR those 
supplying stipules of the ordinary form. From this girdle arise 
the bundles which supply the additional leaves, whether there be 
only one on ench side, as in Cfalium circszans Nichx. and Q. 
lanceolatum Torr., ‘two, ns in (3. l r i j o r u m  Michx. and 0. tinc. 
torium L., or even three or four, as occurs in  Cf. Aparine b. The 
distribution of the vneciilar bundles may be seen in a cross BCC- 

tion of the node of Qaliuni tinctorium L. (fig. 77). 
--_____. - - -_ 

.See pqe 0. 
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ThiR anatomical Arrangement shows thnt the so-called nddition- 
nl leaves of the w h d s  in Oalium are in renlity stipules and thnt 
the Stellatre ngree with the rest of the Rubincere in having oppo- 
site leaves. The tendency of the family however to  produce ver- 
ticillate leaves has been strongly felt in this group but hns taken 
nn unusual course, the incrensed nasimilntive area hnving been 
evolved through the stipules instead of by nn incrense in the 
number of true leaves. The esplnnntion is thus made compnrn- 
tively simple except in those cnses where the number of stipules 
nt a node is more than four. 

AS a general rule, in plants with stipulate lenres, ench lenf is 
provided with two stipules. But when the lenves nre opposite, 
the two on the same Ride of the node often conlesce, forming n 
single interpetiolar stipule, as in the cnse of Oephalanthus 
(fig. 78). That this conlcsceuce is secondary is shown by thc 
fact that the distal portions only of the veins of the two stipules 
have united. Now in the Stellntre dso, this must have been the 
originnl condition, but the interpetiolar stipules have been greatly 
developed to serve nssimilntive purpoges, the veins hnving menn- 
while united completely to  form n midrib. The incrense in size 
hns advanced unt i l  in Cfalium the stipules nrc of the same size 
nnd form ns the leaves nnd morphologicnlly iudistinguislinble from 
them, except in O. bifolium where the stipules nre smaller. In  
this condition they remnin in the bronder.lenvcd species, ns 0. 
pilosum Ait., G. latifolium Michs. and G. lanceolatunt Torr. 
But in the' narrower-leaved species, n still greater folinr expnn- 
sion being desirnble, sepnrntion has been re-accomplished, proceed- 
ing probably from the tip downwnrd, ns is illustrated in Rubia 
pewgrinn L. with whorls or" four. In this species stipules nre 
occnsionnlly found with two midribs (fig. ?9) ,  most widely sepn- 
rnted nt thenpex or even conlescing toward the base. In OaZium 
Apnrine L. and other species in which the numbcr of stipules is 
nbnormal, we mny suppose this condition to hnve nrisen from n 
repetition of the process of division which hns produced the six- 
lenved whorls. This is not improbnble, since even in the four- 
lcxved forms the stipules hnve nlrendy entirely lost their originnl 
morphologicnl clinrncter nnd hnvc tnkcn on n more generalized 
nnture, mnking them fit materinl for development along new lines 
of evolution. Embryologicnl evidence is not wholly wanting, nl- 
though the family stnnds so near the head of the plnntseries. In 
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Gulirrm Aparine L., in common with the six-leaved species, the 
earlier whorls nre of four lenves only, represeiiting the nnceatrnl 
condition. In Rubia tincforirim L., the opposite leaves of the 
subterrnnenn portion of the stem nre exstipulate. A t  the first 
nErinl node tliero is n whorl of four, interpetiolnr stipules being 
present, and in  the higher whorls thero nre six leaves.* This is 
n series of long rnnge, though lncking in intermedinte steps. 

Another cnse in mliich there is present a nodal girdle from 
which the stipulnr bundles nrise is that of Huniulus Jupullu (fig. 
S O ) ,  but there are three bundles in each lenf-tmce. They are 
placed nt about equal distnnces nround the circumference of the 
stem, and the girdle-bundles proper occupy only nbout one-third 
of tbe periphery on ench side. From them n pnrt of the stipulnr 
bundles arise, the remninder originating directly from the Intern1 
bundles of the lenf-trnces. 

It would he to  small purpose that exnmples should be further 
multiplied. From those nlready cited we may confidently deduce 
the following conclusions : 

1. The sheathing petiole hns its origin independently of the true 
petiole and is formed hy n concomitant development of the laternl 
and central-bnsal portions of the primitive leaf. 

2. The ligule is n specinl dcvelopnient of the npicnl pnrts of the 
lateral portions of the primitive lenf dong the ridge between the 
sheathing petiole and the distnl parts of the lent I t  mny be sup- 
plied with veins either by the mnrginnl bundles of the shenth or 
by tnngentinl branches from those entering the blade. The 
shenthing petiole may disappear by degeneration, rendering the 
ligule arillnry ns in mnny species of Pofaniogeton. 

3. The ochren is relnted to the ligule nnd i s  genernlly associated 
with the sheathing petiole. I t  consists of the npicnl tissues de- 
veloped in those cnses where the ehenthihg petiole completely sur- 
rounds the stem or did so in the nncestrnl condition. The pnrt 
of the ochrea posterior to the lamina or petiole mny be called its 
ligulnr portion nnd is usunlly supplied hy bundles nrising tnn- 
gcntinlly from the main ones. 

4. The lnteral portions of the primitive lenf, when eepnrnted in 
greater or less degree, constitute stipules in the usual ncceptntion 
of the term. They w e  ririouslg modifled by subsequent evoln- 

*Sir John Lubbock. Jour. Lin. Soc. Lond. 30 : 604. 1894. 
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tionnry chniiges, by increased developmeiit, by bnsnl or totnl 
clegenerntioo, by secondnry ndnntions nud various textural modi- 
ficntions. They receive their vnsculnr bundles typicnlly as 
brnnches of the lnternl ones of the lenf-trace. 

5. The lnternl portions of thc primitive lenf therefore represent 
in poteiitinl the ligulc, the oahren, the mnrgins of shenthing peti- 
oles nnd stipules, but they nre often incorpornted with the other 
portions ns the wings of petioles and ns I:itcrd bnsnl portions 
of lenf-blndes. 

ANNAM N. Y. ACAD. Scr., S, June, 1897.--1. 


