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AISTRACl' 

/' The oat08enles of two epiphyllou. Inflorescences (1n the 

1 8en~ra Phylloaa.a Wliid. and Helwlngla Wllld.) have been studied, and 

found to lnvolve contraltlns patt~rns of growth. In the flr.t csse, 

· a fertile axl. la inltlated on the leaf primordlum, vell .bove the axll, 

apparently through reœerlst~tllation of cells of the adaxial .ide of 

the prt.Grdiua. In the second cale initiation occur. at the base of the 
1 

leaf prl.ardlwa, near the exU, and the re.ulUns inflore.cence primordiUJII 

1. carrled up by zonal, 8rowth beneath lu base and that of the leaf • 
.J' 
Tbese two patterns appesr to accoudt for a majorlty of the epiphyllou. 

branch .ysteIU vho.e developmént ha. been studied. PreviQul .tudie. )l0d 

Interpretations of eplphylly are revleved aud the pre.ent data dlacul.ed 

vlth reference to these earlier lnterpretatlon.. It la .uaae.ted that 
. ~ 

eplpbylly cau be better understood in terma o~ chanse. ln the position 

of organ and or8an-systell Inltbtlon, and zonal growth. 
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ABSTRACT: 

-
L'étude du développ ent ontoa6nique de ~.ux lnflore.cenoas 

4piphylles ~le genre Ph~110noma~"Willd. et le genre JÏelwingia WUld.) 

rév~le des processui dè~croilsanc différents. Dans le premier cas, 
, 

l'initiation de l'axe fertile s. f~tt lur". prlmo~dlum fOliie 

blen .u-dessus d. 1'.1 ••• 11. p~ ~ne~lff.Tentl.tlon m'Tll"" que 

des cellules du coté Ddnxial du pri~or~um. Dans le second eas, 

l'initiation de l'axe fertile s'effectue la b8S~ du primordium foliaire, 

pr~s de l'aisselle. Le primor'dium, de l'in oralcence, ql1i en rêaulte. 

se déplace au-dessous de sa baRe et de celle c la feuille par croissance 
, 

intercalaire. Cès deux processus de développe ènt 'se re,~rO'Uv.t chez 
n ~ <II ... ": .. '4. 

la majorité des systèmeA d'axes épiphy1Ies étudi 8 j~.qu'. pr'.ent. 

y , \ A. 1 

L'au tcur présente un résumé des études et de'S intet:,pr-=tationa traitant 
1 

dt>s'l Epiphylles. Il discute les résul ta ta de cette é ude en fonction das 

interprétations antérieur~s. 
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"1 gaY. hi. a YiYid picture of the •• t.morphosie of 

of plants and, .ith san1 • characteristic stroke of 
the pen, eonjured up • s1mbolie plant before his 
.yes. Be ~tch.d with gr •• t inter •• t, .howing a de-

\ 

oiel.d gr.ep of the eubj.ct. But when 1 had finiahed, 
h •• hook hie h •• el and .&id: 'That ia not experience -

i t i. an, iel ••• ' " 

Goethe, d.ecribing a ccnyer .. tion with Schiller. 
~ot.d in Goethe .. a Sei.nti.t, by R. Magnus, 1961. 

"If Blak. GOuld do this when h. ro ••• up tro. a ~it., 
What mght h~ DOt do if he .. t down < to .rite." 

1 

W:1111_ Blaket. '''Ihen Klopatock J:Dgland elefied. et 
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C: ' HistOF-1' 'of 'previous investigations 
-

Reviews of the occurrence and anatomy of epiphylly, 

.. 
t 

2 • 

accompanied by their author.s' interpretations of thè phenomenon, 
1 
" . 

have been pub 1 i shed, often pn the occasion-'of the description 
. " 

of a new species with epiphyllous in~lorescencesJ(PlanChon, 18~3; 

Duchartre, 1853, 1887, 1886: Schumann,' 1890; VelenOvsky, 190?; 
r 

H~, 1917: croizat, 1960: Melville, 1962~ and Jang, 1970). 
, 

'. 
Thè first developmental study'was,mad~ by Payer (1857b), 

" Who from -dissections described the dovelopoent of "the male 

inflorescence of Tilia. In 1890, Casimir de t;andolle made the 

first c~mparative study--of the occurrence, ~aScul~ anatQmy 

~ and developnent of eplphyllous inflorescences. Like Payer, 

however, his developmental studies - of Pby11onoma and 
, \ 

Helwingia - vere based principally only on dissections. 

- , 
,~~ , . , , 

.. 

Schumann (1890) also reported the results of c:levelopoental studies, 

but only in limited detail, Q and unillustrated. Velenovslcy 

(1907} made,a fairly detailed mbrpbologlcal s~udy of Belwingla, 
, -

Which denigratéd the develoPmental and anatoaücal aspects of 
, ' 

the pr~lem. F,~nally, Stork (1956) also at:udied the development 

of the inflorescence of Phyllonoma 1ntegerrll!!1, but altbough he 

describéd its ontogeny fram sectioned mat~rial, he apparently 
\ 

only observed relatJvelY,old lea! ~rlmQ.r(l1", .c:l not -initiation 

of the inflorescence. Purthermore, be did 'Dot, unfortÙDately. 
,,'~ '" 1 

publish either photographs or dravings ~f Ms sections. ~ date,,,. " 
ï 

there have been no deta~,led morpbogenetlc 8~udies of epipHyllOWl" , • 

inflorescence~1 epiphylloua shoots and buds llav8 attract.ed .. ch 
. . 

~j 

" f ~ , 

at.tention (see revie,vs by Dor:naer, 1973 a:n4 'roiIllnSOft, 1973). 
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• UI, Ilft'RODUCfION 

• 

A. Review of Epiphylly. 

A.l Tet'lllinology and Purpose. " 

1.1 By "eplphyllous" 18 meant the observed occurrence of the orpn or 

organ-system so described upon a ~af (in any poaitioo - adaxially, abaxially, 

or marginally). Thia entire study is cODce1ved of dia lectica lly , vithln 

the' "classlcal theory of the shoot", and a8 a contribution tovard a 

cri tique of the same theory. This theory, referred to and deacribed 

~ 
repeatedly in vhat follows, la the concept of shoot organizatien vbich 

originated vith, alDOng othen, Goethe and A.P. de Candolle, and continues 

today 8S the more or le88 unquestioned basi. of ca.paratlve plant .orphology. 

This theory 18 set forth, vi th di.fferent emphases, by vritera such aa 

Troll (1937), HeLean and Ivl~y-CO,ok (1951) and ~a (1961). 

1.2 The present 8tudy has been undertaken a180 ln conjunctiOll vlth 

the concurrent developaent of a "nell conception of the .hoot of hiper 

pIanu" by my 8uperv1sor, Dr. Rolf sattler (1971 .ad iD preaa). ID thb 

nell conception, the fundalMntal categories of 0rasas recogoiEed cl ••• ieaUy 

are also recognized, in addition to Inter-edlates between those estesories. 
[ 

Rowever, the rules by wbich theae orgau .Y be cOlibined, and by vhlch 

~ r •• l orsan .... t he d •• cribed ln 'teru of th .. , .... ebaa&ed. tbu., ln 

thls the8la, for purpolea of practicality, tbe cla •• tcal concepts of leaf 

and st_, and of ,the ho.ology betveen vesetative st ... and iDfloresceace . 

axe. are accepted. Rowever, vhat 1 have eadeavoured to delMJlllatrate. fr_ 

the literature as vell as ay dat., h that the cl .... tcal "rul •• " acwernina 

these organ categoriel tn .ltuations like epiphylly beco.e COUDterproductlve 

. "' ....... ;// 'P. ) i 'i" * ~'t , .. 

, 1 
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• 

to Icientific progresse They neces8itate pseudo-explanations aad 

distortions which get in the way of true under$tanding. Yet a~ the s __ ~ ,. 

ti~. there are considerably more u8eful explanations available. ." 
1.3 One su~ pseudo-explanatton 1& the concept of "congeni~al" or 

"phylogenettc" fus~ It 18 a cruci'al adjunct of the clalslcal theon' 

(Sattler. ln press), and. like the cl.esical theory. will he dleculled 
i, 

repeatedly ln the course of this 8tudy. lt can be used, for exa.ple, 
" 

to explaln the insertion of an inflorescence uppn a leaf. a situation 

not recognized by the classiçal theory, in 8uch a way that the claSlleel 

theory 18 not vlolated. If the organ in question Ig truly .' le8f, then 

• fusion must have occurred 8uch that an inflorescence orilina(i~1 on 
" 

the stem, and 8 lea f o~ the saille 8tem have become jolned over part of·- ) 
...-

their respective lengtbs. If this fusion is not oblervable during ~e 

life-history of a single individual of the speciel in q~eltion (for vhich 
~ 

the condition is characterlstlc), lt IDUst then have occurred "c:ongeni~ally". 

or "phylogenetically" , i.e ~, in the course of the phylogeny of the seeciea 

(for discussion of this aspect of the concept, aee .lso Puri, 1962). 
) 

1.4 In other words, the leaf and eplphyllous inflorescence are 

hOIDOlogized with a lea f and an axlUary inflorescence, by invoklng an 

t unobservable process of fusion. lt ha. been pointed out by Jardine (1969) 

that even the ca.aon evidence of phylogeny, l.e. f08811s, in a chrooolopc:.al 

sequence of similar forms cannot adequately .ub8t8ntia~e the hypothe.l. 

of phylog,netic fusion without detalled in~tion about the OIItogeaetic 

,proc~88e. of' the organs involved. Thus. part of the purpole of thi •• tuct, 

18 to thi. end, to provide ontoaenetic data fo~ hypotheticall, fU.ed 

ortana. l.e. leaves and tfteir epiphyllou. inflore.eencea. bpi .. 

_ .. ~ 
, J 
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" (1971: 138) hall lIugge.te.d that th"', "the eluc1datLonc of the .. chant ... 

of IIOrphologlcal change", il the IIOlt· uletut Ob)!cttve of cJ..,arattve 

develop.ental Itudies. 

1.5 Flnally, lt was s180 mentioned that in .ltuations .uch a • ... 
eplphylly the rules of the clal.leal theorylnece.sitate dl.tortlon.~ by 

~n8 of Interpretations, of observations. 8y de.criblng the ORtogeny 
, --

of certain eplphyllou8 inflorescences, lt should be po •• lble to gravide' 
; 

• coherent .et of observation •• t~e "interpretation" of which. accordlna 
t\. 

tG the clanical theory, 'I~ould make char the diatortion. involved. 

r~hUS' lt h~. bee~~ .• hown her~ and ellewher~ that stems and their homologue. 

developing normally do ln fact, ln~thele ca.es, occur upon leaves, 

aven in the eaabryonlc Btate. That this altuat1.on·t'hould b~ .ccepted ail 

lIuch, r.lther than ~nterpreted'8 .~thln8 el.~se .. s .bund.ntly 
• 

( 

, 

, 
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(III) A.2 R18torical Background 

2 .1 In 1790, in his euay on l12eUlDOrphosia in iil~s (Uverauc:h ~1e 

MetallOrphos. der Pflanzen zu erklitren", EngUah translation by Arber, 

1946). J .W. "on COethe referred to 'the fertl~lty that la laUDt in 

the leaf', in de.crlbl~g how in the brect-borne inflorescence of Tilia, 

as in the fertile phylloclade. of Ru.CUI and the fronda of aaae fernl, 

leaves, or leaf-like orsans, give riae ta reproductive structures. From 

this description of leaf-fertility, he proceeded ta identify carpels ae 

fertile leaf-ha.oloSU •• , 8S part of an overall identification of leaves 

as th. fundalllell,tai (appendicular) units of a11 ( •• rial) plant structure, 

reproductive as weIL as vegetative. Simtlar analyses had also been made 

,earUer by C.F. Wolff and others (Arber, 1950; Blunt, 1950). lts reault, 

in Goethe' 5 lIlind, was the e,?nception of an archetypal ,plant ("Urpflanze"; 
!' 

cf. Troll, 1937, Fig. 1_2, MeLean & Ivimey.-cook, 1951: l, l'tg. 845) 

embodying'"all the' stages of leaf-metamorphosis along a dngle ,hqot-axla. 

2.2 ' In 1804, the french artist and botanist P.J.F. Turpin on returnlna 

from Hispanipla indepertdantly designed a plate (Plat~ 1) depietlftl his 

own impression of the vast range of leaf fOrlll in both vegetative and 

reproductive plaot structures. Thi,. was subsequentlf pub1ished .. a an 

illu8,~ration of 6oethe's e88ay (Turpin, 1837). 

Although he tl1u8trates different of vesetattve eplphylloua propaIP1 •• , 

~~eptphyl1ou8 1of1ore,cence., 
, ..1 

and did not, unfortunately, illu8t~ate th1. aspect of leaf .orphololY 

until he ca. to de,aign the plates for Hwaboldt, BonplaDd, aDel Itufath 's 

Nova Cenera et Speciel Plantarua (e.g. PIete X). 

2.3 In 1827, A.P. de Candolle JUde. Coalprehenalve 1Ilt~rpr.tat1OQ 0 

'. 

.. 
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of plant structure along aimilar lines, Ktre •• lng the ~af-ldentity of a11 
, 1 

~ppendicular organs. This interpretation h;:, .~~~ome the cIe .. lC.~ ~ory 

of shoot.orsanization, referred to above cüt"-A:. J..~ and adb.red to . 
generally even nov (troll, 1937; Eames, 1961) ."-;' A~ording to this model, 

the entlre dlv.rlity of a.rial plant .truc~ure ia compri •• 4.of ~o 

mut~lly exclu.ive, diacontinuoul org.n-~ype., c8ulom. end phyllaDe. in 

obligate positionsl relatlonabtps to each 'othar (for critiques of th. 

ciassieal model, see e.g. Arber, 1950; Croizet, 1960j Jong, 1970; and 

Sattlet, 1971, and in press). Thus, whi1e on the one hadd, St. Hilair. , 

(1840, cited by Croizat, 1960: fn. p. 1029) could describe epiphylly 

as_simply one of many types of pedunculation, the type of"thlnking 

embodied in the elassical theory led him and d~ cando~le (1827, 1835) 

as well es Payer (l8S7b) nevertheless ta aacribe epiphylly excIuaive1y' 

ta the proce98 of congenital fusion"of a lesf and an axia11y-in.erted 

inflorescence (see pp. 26-29 and 33-34). In this way only one of th. 

• Il. cO~Bequence~of Coethe's original concept of leaf-ferti1ity, sugge.ted 
- , 

to him by' the' epiphyllous inflorescence of Tilia, was accepted by later . 
botanists. The leaf-identitr of al1 appendicu1.r organ., particularly 

, of flovers, became enshrined in classical morphologieal tbeory_ But 

the qua lit y of "ferUlity" which Goethe sav in leaves as the lource of ... 
epip~1ous conditions was co~letely 'lgnored. 

2.4 Silll11ar,ly, al though until the beginning of the ninet.anth cantury_ 

botanists had described the infloresc_nce-bearing. leaflike .tructures 

of RUSC:U8 as "leaves" (cf. Willdendw' s specifie epithets forspecie. of 

Phyllonexu and Helwlnsia. pp. 65 and 73), the position of th ...... truetur ••• 
\ 

as ,vell as the occurrence of tnfloreacence. on them, requlred that they 

'\ 

' . 
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he redefined as a type of caulOlle, ~e.s. "phylloclade", as t~.Y were, 

then, 
\ 

by Martius ,and succea.ive suthor. (cited by Duval-Jouve, 1877). 
~ \J _ 

2.5 Planchon ·(1853, NB. Thi.' çitle, in ita discussion, 1. a~.t 
• . 

completely ide~tical with Planchon & L1Dden, 1853), in his observation. 
'f \ 

on epiphylly A propos Egthroc:hiton hypophyllanthus describ.d of le;aves 

("appendicea"), "la facult' d '.tre norul-.nt proU~res. • •• de produire 
, , 

eux-maINs directement d'autres spp~ndice ou dea axes". Hewever, this 

was only by way of contradiction, in atatlng the ar~.nt that lesf and 

(axiliary) inflorescence in !. hypop~yll.nthus and other species were 

insteed congenitally fusad. 

'2.6 Me~hile Duchartre (1886), 8S weIl as possibly, Melsner (1838~ '-, 
quoted by Goebel. 1902). in their des~riptions of the mo~~tolo8Y a~d/or 

, anatomy,of epiphylioui branches and inflorelcences of certain Begonias 
( 

l ' 

maintained the notion of troly eptphyllous inflorescences, i.e. \ . 
inflorescences which aroêe directly frOB the lesf, rather th.n fra. the 

stem. On the hasis of their v.scular anat~ (cf. pp. 26-29) Ducha~tre 

distinguished the unique case of s. ameliae fra. aIl other eplphyllous 

inflorescences deacribed, which according to him resulted fra. congeDital 

fusion (e.g. Helwingia, Phyllonoma). c. de Candolle, inzhh 'Recherches 

sur les Inflorescences Epiphylles', havever, concluded that'all eplpbyllou. 

inflorescence. were le.f-producta. Hi •• tudy of the ontoseny and 

~asc~lar anatomy of the fertile and sterile leave. of Helwioaia aad 

Phyllono.a 8US8ested that in bath cas •• th. inflorescence .ro •• 

epiphyllously, and tbat the pre •• nce or absence of the iU(lore.ceace oq 

leave. alDOUnted to an eu..,le of heterophylly. , 1 

• 
2.7 Subsequent worlcers tended to disasree vith de Candolle'. 

, " 

\ , 

.. 

\ 

l 
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conclusi.ons, preferriq alteraa,ive devel~~al explanat:1oas for 

ep1phyllous inflorescences, whether or not dley iuvolted c0ft8eaital, 

fusi'on (invokiq congeai.tal fusion: van Tiegh_, 1891; Barth, 1896; . ( 

VelenOV'sky, 1907; Troll, 1931i rejectiDg 1t: Sçbuluaa, 1890; Sch1u, 

l894i Goeba1, 1898, 1933). Vith the ,eJtceptl-oo of Leavitt (1909.), and 
) 

Cooper·s (1932) atudy of Bousaiuvillea, North A.erican aod British 

vorkers appear to have ignored épiphyllous infloreacence~ (Good. 1956; ( 

Bierhorst, 1971; BOld, 1973) or dia.issed thea in accordance·vith.~e;l' 

classical theory of the shoot (cf. Stork, 1956; Ea-.es, 1961). WhUe . ( 

. vegeta tive propagatioo froa 1eaves received considerable attention ' 
,; 

~ 
(for reviews, aee Priestley & Swingle, 1929; HcVeigh, 1937; Don.er, 

1972; ToœlinsOD, 1973; cf. pp. 22-24), directed at aorphology. an.tu.y, 

12 • 

and ontogeny, there vere ~cu.parable studies of epiphyllous inflorescences 

until Sto~k's (1956) york on Phyllona.a, Melville (1962), dlat of Stebbins 

and YagU (1966 ~tc.) on Hordeum, and JonS's(l970), on Streetoc:,arpua. -
\ 

2.8 Arber (1950) refers in passing to a few,inataDC~s of 

epiphyllous ahoot production (in Brassica, BryophyU .. (aa ltalancbae), 

Nymp,haea. and t~to, as described in the( next sectiOll), in a.tting forth 

her concept of the leâ';.f, as a "partial JJhJot ••• ari~ing laterall)' ~ 
a parent vhole-ahoot". This phrase in turo 8~rlzes th. eooc:lusioaa 

~eached earlier by C. de candolle in bis ·thforie de la feuille' (1868). . , 
. 

Arber develops this idea further. to suagest' that a partial shoot 'has . 
an inhe'rellt urse towards the develOpMllt of vbol ... shoot cha~.cter.'. 

Thua, sit~t:iOllS such as epiphylly sb. sees as suceessful _llif •• tatl0Q8 

of this "urge" toward COIIIplete shoot-IUee bèbavlor' (e.s. CODtiDued 

g~owtb, ~.dial .,...try. flow.rina. etc.). Even.ore .trUd. ... 

1 

\ 

. , 
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.anifeststions would be the epiphyllous initiation of organs diécu8sed 

below for Phyllonoma, Chrysalidocarpus, as weIl as Cardamine, tomato, 
\ 

et al. 

2.9 A lesf and an epiphyllous branch have been suggested by Melville 
~ 

0962) to constitute, the fundamental unit of construction (- "Gonophyll") 
.. 

of angiospermous flowers, as weIl as of angiosperm vegetative structures. 

Thus carpellate gynoecia are supposed ta consiat of sterile phyllomes 

(tegophylls) bearing ovuliferous branches (cf. placentae). In modern 

angiosperms where fertile ~d sterile branches occur on~he follage 

leaves ~ bracts, lt therefore appears 'that the gonophyll structure 

has been retained throughout the evolutionary history of these plants'. 

Thus, the epiphyllous ~nflorescences of !!!!!, Phyllonoma, Helwinsi., 

Polyeardia, the Dichapetalaceae, etc., which Melville discusses at 
l~ 

soma length are considered to be primitive struc~es, bomologous 

apparently ~ith the leaf-opposed reproduct~ve structures of the 

Glo~sopterldales, a8 weIl as' Botryopteris, as reconstructed by Melville, 

and with the .epipetiolar branches fOQnd in the coenopterid fems (cf. 

Troop & Mickel, 1968; and pp. 30-31). 

2.10 r In a similar vein, Stebbins (in press) suggested that 

aO$iospermous carpels are derived from structures similer to the 

ovuliferous leaves of Lidgettonia (cf. Blerhorst, 1971). 

2.11 In contrast to these more or lesa speculative evaluations of 

epiphylly, Bugnon (19S8) has treated the sùbject ln the cour8e of a 
\ 

discussion of 'lcs déformations nodales de la pousse par crotssance 

intercalaire chez les plantes h fleurs'. Accordina to lugnon. eplphylloua 

inflorescences .ay re8uIt tram tntareala., growt~'~eurr'n& ben .. tb the 

, , 

,', 
J 
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, primordia of adjacent leaves and inflorescences. Bugnon coins the tenD 

"hypophyllocladetl to describe the intercalation on which the definltlve 

leaf and inflorescence are inserted (cf. Text - figure 1). 

2.12 With Bugnon (1958) and ~lville (1962) one of the few recent 

detailed discussions of epiphylly Is that of Croizat (1960; also. personal , 

communication). Like Bugnon, his con cern ls principally with processes 

of growth, as well. as with the recogniti<?f1 of the "intermediateness" 

of real plant organs, with respect to fundamental categories. He 

emphaslzes the lmportance of epiphylly 8S 'a phase of branching and' 

growth of direct lnterest ta inflorescence, l~~f, shoot as one, that ls, 

as a phase of the morphogenetic and phylogenetic setup fundamental for 

the plant body as a whole'~ In his discussion, he makes extensive and 

enthuslastic use of the concepts of the Dijon school "hypoclades". 

(Kursne~. 1955; cf. "hypophylloc1ades'f', Bugnon, 1958) to describe 

epiphyllous and related situations. 

\ ",­
, 

2.13 Finally, Sattler (1971, and in press) has propo8ed a nev model 
,> 

of the-shoot in which positional relatloushlp. between plant organs such 

as the insertion of stems or thelr homologue. upon leaves l, accepted a8 

such. He modifies the classical conception of the shoot so'that resl 

plant organs may correspond to the fundamental organ categories (leaf, 
, 

stem, emergence, root) that it recognizes, regardle88 of the positional 

relatlonship to each other in whlch they accur. Alternatively, rea1 

organs asy correspond to inte~edlate8 between the fundamental organ 

categories. Thus. epiphylly .. y be due Dot only to deforautl0ll8 of 

orthodox positlonal relationshlps by intercalary Ir~th, but also to 
\ 

initiation of branch or inflorescence pri.ordia on lesvas or lesf prt.ordia. 

~ ...... ... J
~' 

, 

. ,~ 
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2.14 Sattler's revision of the classical shoot concepf cons'liu 
1 

in part of a rejection of the concept of congen~tal fusion. Other 

authors, among tbem Croizat (1948, 1960, 197) instead associate 
'J 

(congenital) "fusion" with the non-individualizatlon of prilDOrdia, 

applying the term to a wholly ontogenetic process. In a detailed 

diScussion of the development of the concept, Bugnon (1958), like 

Sattler. also rejects the use of con8enital fusion, ln favar of the 

ontogenetic process of intercalary growth. Recèntly, however, this 

view of his has been criticized (Vieth & Lamond, 1973) for f~iling to 

differentia te "ontogenetic", or "post-genital" fusion from congeQ,ital , 

fusion. 

2.15 As ~donald and Sattler (1973) 8uggest. not on1y cl~8.ically- " 
........ : .............. _ ... -:.:.. 

oriented vorkers, but ~lso heterodox ones, use the concept of congenitaJ 

fusion 'to rescue the general appl1cability of the (funda.ental) 

categorle~ ••• '. Thus.Melville (1962) di.agrees with the UI. of congenital 
.' 

fusion to exp~âln the epiphyllous inflorescences whic~ he diaeusses, 

but only because he explai,ns them as primitive structures instead; he 

uses the tena "fusion" himaelf to describe a process affectlns plant 

parts in the course of phylogeny. 

2.16 Arber (1925, 1950),~ on the other hand, appeara to use the cODcept 
, 

of 'congenital fusion in a .... ch more ideal1stic 'senae, to "deacribe a proce .. 

intervening not 10 81ch between actual organs, a. between h .... n cOllceptl 

of organs. She descrlbes (1925) bow the phylloclade of auacus reaults 

from the ca.plcte tu.ion of an axillary bud with lta prophyll, in 8UC~ 
; , 

a way that the prophyll doalnates, vith reapect to dOrs.Y.ntrality and 

dete~i.nate arowth, whUe the axl11ary shoot exprea,ea IUeif la th. position 

-
of the phylloc1a4e, 8ubteaclod by a l .. f. and it. cspaclty to produce f1011e~. '. . 

" 
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"Vêgét-al type idéal, appendlc",t4; -parties supérieures, composant l'H'-ispb're 
.upêrieure;" portion of Platé 3 of P.J.F. Turpin's 'Equi.se d'Orga1lOlraphiè 
v'gétale ••• • (1837). aeproduc.d fra. the copy held by tbe Biblioth'que Nationale. 
Paris. The original. as polnt.d out by Arber (1950), is more than 19 inCh •• bilh. 
~ 1 l 

Pigure }': 'Embryon S .... ir. axHlaire, fixe., d,veloj(p6e en.. tige fa.cU., amie 
de noeuds-vitaux réguliers et de petites feuilles, sur 1.s deux cat6. 
desquels noeuds-vitaux sortent de petits bouquets d. fleura. Exeap. 

Figure 8 

xyl~ylla'. . 

'Feuille productrice d'embryons~producteurs, ad~tifs sur ses deux 
faces et ses bords, comme celles e l'Ornithosaluœ thyrsoides que nous 
avons publiées.' 

> t 

Figure 10: (on left side) 'Feuille lobée sur làquelle se trouve deux ~ 
ligneux, ~ryons gemaalres, form4s d'abord encre les deux épidermes, 
analogues à ceux corticaux que H. Dutrochet a fait connaitre. Noua 
avons trouvé de ce. fèuilles d'tachées dans les forêts de St.­
Doaaingue. Plusieurs de ces embryons germaunt.' 

Figure Il: 'FeulI1~dont l'extr6aité s'allonge en vrille, se recourbe en a 
vers la terre, y prend racine en b et reproduit, par ce mQyen, un 
nouvel individu c. Ce mode de reproduction est connu dans l'Aspl.glua 
rhizophyllua. • 

Figure 13: 'Feuille productrice d'embryons reproducteurs, r~guliers, du Bryopbyllua 
calyclnum. 
Observation. - C~s slngull~res feutlles offrent de l'analogie avec les 
tiges aplaties, en fOnDe de feuille, Cierge. des Epiphylles, de. 
pédoncules fascl~e. des Xylophyll~, etc., ,en ce que, c~ ceux-ci 
elles ont des noeuds-vitaux qui forme dentelure~ et de l'a~le desquels 
sortent les embryons gemmaire. r~producteur. de l·esp~ce. ~ voit 
quelquefois ces embryons.-encore attachés sur la feuille~r~, pou ••• r 
de petites radicelles latérales.' 
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A.3 MORPHOLOGICAL PATTERNS 

a. Epiphyllous Inflorescences 
.... 

a.1 Text-figure 1 summarizes the variety that oeeurs 

in the positional relationships between leaf and 

,inflorescence, and i5 based in part on the systems used 

o 

by Harms (1917) and Marchal ,(1969) to describe epiphY,~ly. 

~ext ,- Figure 1 - LEGEND: 

A-B Illsertion of the infloresence on a braet. 

A) Lamina extends only distally from insertion of 
inf lorescence. 

a = interealated segment between stem and 
insertion of inflorescence. 

a) Lamina extends ~th proximally and dlstally 
around insertion of inf lorescence. 

C-H Insertion of inflorescence on foliage leaves~ 

C) Inflorescence inserted on leaf base. 

D) Epi~tiolar inflorescence. 

E) Inflorescençe inserted at base of lamina. 
r 

F) Inflorescence inserted in middle of lamina 
(on adaxial surf ace) 

16. 

FI, Inflorescence inserted on abaxial surface of lamin~. 
(cf. Erythrochi ton hypophyllantbus). 

G) Phyllobotryurn, Mocgueriéia: inflorescence 
arranged a10ng tbe length of petiole and lam1.na. 

H') Polyçardia phyllanthoides~ 
HI') polycardia latera11s • 

. 
, In A-F the large, stalked black circles represent 

inflorescences. They may equally repre'sent the pOsition 
of epiphy1lous branches or buds. The cireles 
in Ft, and H represent individual,flavers. 

The raglan between the insertion of the lsaf on the stem. 
and of the inflorescence on the leaf Ca in A), in eacb. 
case la the. reg ion descrlbed by Bugnon (1958) ail a ' 
Mbypopbylloclad~M. 
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2.2 In the first case (A)" an intercalation (a) can be 

said to exlst between, the inserti~ of the bract on the stem 

and of the inflorescence at the base of the bract lamina. 
l' 

This ls the situation found in Cneorum L. (Cneoraceae: 

Ha~, 1917): Engler, 1931:" Melville, 1962), Gentiana 

lutea L. (Goebel, 19311 Bugnbn, 1958), the Saururaceae 

(Payer, 1857p', Bugnon 1958: Croizat, 1960: Raju, i961), 

Thesium L. (Santalaceae: Troll, 1937; Thibaut, 1955; 
, 

Croizat, 1960), Saintpauliopsis staner'(- Staurogyne Wall), 

and êelago L. (Scrophulariaceae: B.L. Burtt, personal 

cormrunication) • The opposite situation is found in Roella 
. ~ 

ciliata L. (Campanulaceae), whrre ~he bracts continue up the 

outside of the wall of the inferior ovary (B.L. Burtt, 

personal communication), 

2.3 Alternative1y, the lamina of the ~ract may extend 

below ~he insertion of the inflorescence (TeXt-f'igure lB); 

this situation occurs with the female flowers of DObinea 

delavay!, ~. vulgaris, and Camplyopetalum siamense 
; 

(Anacardiaceae: Forman, 1954; Melville, 1962), and the 

flowers of Neuropeltopsis van Oostroom (Van Oostroom, 1964), 

Bougainvillea and Hermidium, S.Wats, (Nyctaginaceae: 

Cooper, 1932; Ferris, 1944; Hackett & Sachs, 19681 

Menninqer, 1970) and Tilia L. In varieties of Hordeum, 

a rudimentary floret is formed on the adaxial surface of 

the lenma (Arber, 1934: Croizat, 1960, see' also pp. 69-70).) 

.. 

.. 

" 
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2.4 In addition, the araceous inflorescence bract or 

spathe itself bears the entire inf~orescence in Seathantbeum 

Schott and Spathicarpa Hook. (Engler, 1920: 50-57; Troll, 

1928: Willis, 1966). 

"2.5 Foliage leaves aiso bear inflorescences, anyWhere 

fram the base of the leaf and petiole, to its tip (Text -

Figure I C-H). Fisher (1973) has suggested that"initiation 

of an inflorescence hud upon, and continued physical connection 

with, the leaf base •••••• may be typical for palms' (cf. Text-

figure lC) • In Chrysalidocarpus both inflorescences and 

1ateral branches are associated with the leaf base, although 

by different means (see p. JO ) . Inflorescences and,.. 

sterilized inflorescences ("flagellae lt
) are similarly 

~ociated with the leaf base in Calamus L. and oae~norops 

Blume ex Schult. (Troll, 1937; Tomlinson, 1961: Corner, 1966). 

2.6 In Turnera L. (plate II), ~irita hamosa R.Br. 

(Gesneriaceae: \BOldt, 1897: Velenovsky, 1907) Dichapetalaceae 

(Engler & Krause, 1931), the inflorescence is epiPetiolar 

(Text' - figure 10); among these are Dichapetalum steyermarkii 

Prance, Q. mombuttense Engl., Stepbanopodiurn Poepp. & En~l., 

Tapura africana Oliv., T. ~zonica Poepp. & Endl., ~. capitulifera 
.. 

Baill.,!. coriacea, !. guianensis Aubl. and T. le-testui Pellegrin 

(HaIlé & Heine, 1967: Prance" 1971, 1972). In!? pedunculatUlll 

(Aubl.) Baill, the infloresc~nce may be epipetiolar or axillary 

(Melville, 1962). In D. glabrum (Vahl) Pr~nce' (Prance, 1971) 

D. rudatlsii Engl. and D. toxicarium (G.Don) Bai1l (personal 

observations) the inf~orescence 18 situated et tbe sunndt of the 

\ 
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petio1e,.where it joins the lamina (Text - figure lE) • 

Finally, in T. peruv1ana K. Krause and î. 1uliani Macbride 

the inflorescence 1s found on the lamina itself, near its 
, 

base (Text -,figure IF: Prance, 1972). 

2.7. In normally unifoliate and facultatively unifoliate 

19. 

members of the Gesneriaceae (Chirita Buch~am"Monophvllaea 

R-~., ,Moulton1a Balf. f.& W.W. Smith, and Streptocarpus Lindl.) 

inflorescences are formed at the base, and a10ng the midrib 

of the single enlarged cotyledon forming the photosynthetic 

organ of the plant (Velenovsky, 19071 Balfour & Smith, 19151 

Goebel, 1931: H1ll, 1938: Jong, 1970). Jong (1970, 1973) 

however, has suggested that in these cases the classical concept 

of "leaf" 1s more usefully replaced by that of the "phyllomorph" in ... 
describing the organization of these and related plants. This 

concept refers to an intermediate organ, which combines 

character1st1cs of bath leaf and 'stem. In this way, the .. 
" 

patterns of growth of species of Streptocarpus may be understood 

much bettv than by us1ng the classical notions of the mutually 

exclusive categories, "leaf" and "stem". The epipetiolar 

inflorescence of-Epithema tenu~ C.B. Clarke has also been 

shown recently (HaIlé & Delmotte, 1973) to conform to / 

phyllomorphic ~rganizati~. Whether or not this concept cao 

be applied successfully ~ other families still~main~ to be, 

seen, however. 

2.8 Further examples where the inflorescence occurs at 

the base (Text - figure lE),' or in the middle of the lasnina 

• 1 

" 

c- . 

k 
" 
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(Text - figure IF) are, for the first case: Begonia paleacea 

Kurz., ~. prolifera A. De, ~. sinuata Wall (C.de Candolle, 1890); 
o 

Goebel, 1902,; , Irmischer, 1925), and~. ameliae Bruant 

(inflorescences both axillary and'epiphy1Ious: Duchartre, 1881; 

de Cand~le, 1890: 'Goebel, 1902); Raphanocarpus Hook f~ 

(= Momordica, Cucurbitac~ae: Cogniaux & Harms, 1924); Croizat, 
-

1960); Nototriche Turcz. (Malvaceae: Harms, 1917: Burt & Hill, 

1948). The second case,·that i9 1aminat inflorescences 

(Text - figure IF) JI, occur in phyllocharis schlechteri Diels 

(Campanulaceae: Melville, 1962: Moeliono& Tuyn, 1972), 

Polycardia aguifoliurn Tul. (Perrier de la Bathie, 1946), 
, r 

Helwingia Willd. (Chapter VI), Phy1loclinium Baill. (Flacourtiaceael 

Letouzey: HaIlé & Cusset, 1969), and in Phyllonoma Willd • 

. (Chapter V). In Erythrochiton hypophy1lanthus Planch.& Linden 

(Rutaceae: P.lanchon, 1853), the. inflorescence is àttached . 

to the middle of the lower, abaxia1 surface of the leaf 

(T~xt - figure IF'). species of Polycardia, the 

to the ~idrib is l.n a sinus 

of the ramina, variously lateral (Text) figure lH"), in • 

In other 

at~achment of the inflorescence 

P. lat~ralis o. Hoffm., or apical ("acrophylle", Planchqn, 1853), 

in f. phyl lanthoideJl tLamk) OC (Velenovsky, 1907; Harms, 19),7: 

Perrier de la Bathie, 1946). • 

2.9 '::1 aIl the cases described above, only a single 

infloresc ce ls found in association with a glven leaf. 

Excep r isolated examples of double ePiphYllO~S inflores~~nces 
in Tilla (found on Mount Royal in Montreal on two separate 

occasions), and in Helwingia 1aponica (on,a'~le plant in 

the Goteborg Dotanical Garden), the only cases in Wh1ch a series 
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of more than one inflorescence occurs on a single',leaf are , 
.. 

Phyllobotryum Muell. Arg. and Mocguerisia Huâ (Flacourtiaceae: 

Letouzey et al, 1969: Text - figure IG). In addition, specie~ 

of Chisoheton Blume (Meliaceae: Harms, 1917: Melville, 1962: 

/Wilii~, 1966; may bear inflorescences a~illary either to 

the 'rhachi s or to the 1eq flets of a pinnately compound leaf 
.. 

(See Page 11 ). ", 

A.3.b. Epiphyllous Shoots 

In addition • b.l •. to sexual reproduction, epiphyl10us shoot 

systems in intact plants may a1so be associated with vegetative 
t 

ramification and propaqation. The former case is less common. 

In the palm Chrysalidocarpus H. Wendl. (Fisher, 1973), it is 

known, principally from ontogenetic studies (Page 30 ) 

that lateral br~nches are inser~ed on the abaxial surface of 

the leaf base - similar situations occur',by way of different 
... 

ontogenies, in Serenoa repens (Bart.) Small (Fisher & Tomlinson~ 
l ' 

1973), and Chamaedorea Willd. (Fisher, 1974). 

b.2. In. the tuberculate cacti Coryphantha (Engelm.) Lem. 

and Dolichothele Britton & Rose (= Mammillaria Haw.), a lateral 

short shoot is found near the a~it of a rudimentary 1~ 

(Gaebel, 1898; Boke, 1961a,b; Wil1ts, 1966: Kaplan, ;~71). \ 

, 

, "-
b.3 In Begonia sinuata '!all., up to three or four ~ene~s .' 

of epiphyllous shoots may occur (Meissner, 18381 quoted by ~ " 

Goebel, 1902). Although they may bloom, the epiphy1lous 

branches apparently do not root, ~nd are presently tr~at~ 

here as a form of ramification. 

\, 

" ' 
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b.4 While perhaps bett~r treated with other teratological 

Phenomena, the occurrènce of similar fertile, epipbyllous branches 
\ , 

on leaves of tomato varieties is wor~h mentioning he~e, because 

of its long history of occurrence. The phenomenon was first 

reported by Ducharte (1853) ~in cherry and pear tomatoes, 

especially the yellow cherry vari'ety.' The branches deveJ~ped 

on full-grown leaves', from "manmelons" formed in the axils . 
of leaf lets. The condition has subsequently been described 

r---' 
\ 

by Penzig (1922) and Rozhdestrensky (1958). Fukomoto (1960) 

produced the congition in the varieties Red Cherry, Jubilee 

and Yellow Pear, by pinching off the lateral,buds, flowers 

and fruits. Chaudhary (1972) observed similar results in 

virus-infected plants in which normal growth was halted. 
, 

In both of the experi~ntally ~duced cases, the location of 

t~e branches, in the axils of leaflets, was con~tant. Both 
" 

Duchartre and Fukomoto reporteà the o~currence of flowers 

and frui~s on the epiphyllous branches. 

b.5 Finally, axillary buds which form lateral branches 

, may occur in epipetiolar positions; as described by, Barth (1896) 

for Tapura pedicellaris Chad., with mention in passing of si.milar 

âtuations in other taxa. Melville '(1962) describes two other 

cases in which a pseudo-axillary bud may occur a leaf, or be 

,vascularized by the leaf trace, in Ande~nia R.Br. (Epacridaceae) 

and Gnetum. 

b.6 Vegetative propagules which occur, and may also be 

formed, on leaves of natural occurring, intact plants eXhibit 

a wide range of behaviGur. At one extrema they are discrete, 

-, - ~.,/ .. "'" 
, . 

_., __ .'\,1, 
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deciduous, dispersible units, often enclosed. in' o~ or more 

layers of protective. tissue, and may be 'observed to play an 

important ~t in the distribution of the species beyond the 

lnmediate vicinity of a parent plant (see pp ... o·~l) • 
.' , 

At the other extreme, epiphy110us propagules may normally 

estab1ish new plants while 'still attached 'to the parent plant. 
r 

The ~st documented examples of the first' case are Malaxis 
) , 

paludosa Sw. (Orchidaceae: Taylor, 1967), Drosera spp. 

(DrOseraceae: Lloyd, 1942), and Pinguicula vulgaris L. , . 

(Lentibulariacéae: LloydJ ~942: Raju,- 1969). In the latter 
. 

two examples, bulbils are formed at the end of the growing 

season and are dispersed and develop the following year. 
\ 

Other examples are Pinel lia ternata (Thunb.) BreitenbaCh 
1 

. (- P. tuberifera Tenore', Araceae: Braun, 1860: Engl~r, 1920: 
\ 

P.riestley & 5\11ingle, 1929), Cardamine matt.hioli and 

f.' pratensis L. (Cruciferae: Braun, 18601 Amal, 1.9631 

Marchal, 1969: savile, ~972), Dryophyllum sPP.($Ometimes a180 
, 

"~referred to K-alanchoe Crassulaceae: Braun,1860: priestley & 
. 

Swin9le, 1929: Marchal, 1969: D<1rmer, Vl73) and, in the 
1 

Li1iaceae, Gagea pratensis (Kerner, 1895: Troll, 1937, 
~ ("-

Bugnon, -1958), Ornithogalurn sp~ (Braun, , 1~601 Troll, 'l,9ft: 

Samson & Kerstens, 1971) and lIyacinthus pouzols~i Gay 

(Bx:aun, 1860: Kerner, 1895). 

L, ' 

b.7 The other case, in which propagation takes place trom 

the mother plant, occurs in Haemanthus cinnabarinus Decaisne 

(Amaryllidaceae: Hall & Tomlinson, 1913), ",leniopsis orienta1is , 

(Thunb.) C. Tanaka (Liliaceae': Kato & Kavahara, 1912), , 

~ ".,. 

" 
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Nymehaea ~~c~an~ Guill.& Perot.and ita hybrida (Conard, 1905, 
1. 

t 

~ Arber, 1950)and Tolmiea menziesi1, Tor~.& Gray (PriestleY & 

Swlngle, 1929, Yarborough, 1936). 

b.8 Finally, there are a number of cases in which details' 

of the strùcture and growth of the epiphylious bud are not 

ayailable: -rCllolrculigQ (Amaryllifaceae: Kerner, 1895) 1 Allium, 

~rit1llaria, and Scille ledtenii 1Liliaceae: 
J 

Kerne~ , 18?51 

Marchai, 1969) 7 Arabis pumila, Brassica oleracea, Nasturtium 

officinale, and Rorippa R~lustris .(Cruciferae: Braun, 1860, 
. 

Duchartre, 18811 Kerner, 18951 Priestley & Swingle, 1929); 
\ 

Chirita sinensis and Episcia bicolor (Gesneriaceae: Braun, 

1860, Kerner, 1895) 1 and Chelidonium mo1us (papaveraceae: Braun, 

1860) • 

A. 3.c Epiphyllous Leaves 

c.l Epiphyllous leaf-like structures occur almost 
- r-

exc)usively in the genus Begonia. Here, laminar stalked 
.- j , 

laminar, funn~-~haped and peltate struct~res occur on the 

laminas ~f faliage leaves of B. hispida Schott var. çuc11lif,ra 

Irmsch. CThinnes, 19721, !!. manicata Celso (Weiss, 1858), 
, 

.ft. phyllomaniaca Mart. (=!1. ,D'enieata x"B. incarnata Hooker, 

18521 Goebel, 1908) and~. v!tichotoma Hart (= B. diehotoma 
.r'I" 

Jacq. x~. vitifolia Sch~tt : Villier~ & Cusset, 1969). 
\ 

r' 

Hooker (1852) reported thâJ the epiphyllou8 structures of 

e. phyllomaniaea were ca~le of fo~i~g new plans when remo d 

and grown Jls euttings •. GoElbe1 ;( 1908), howevér, pointed out 

. , 

l 

:~ 

that thcse structures. d1d not func!f~ as propagulès, as they ,1 
did ~ot fall off, and never fO~~ plants, unless removed, ::iI 

) ,,,' ,. 
• , J 
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In addition, the y did not purticipate in the shoot regeneration 
" 

of detached whole leaves. 

c.2 Schnell (1969) and Villiers &~~usset,(1969) have 
" shown that these epiphyllous structure.s on Begoni§ leaves 

are strongly localized a10ng veins, and at the points where 

veins branch. 
~ 

c.3 ,Villiers & Cusset (1969) interpreted the eplphyl10us 

structures of B. vitichotoma 8S "metarn~res" or'leaflet-

homologues. Simi1ar structures on the leaves of ~. hispido 

var. cucil1ifera, however, were'homologized with lIemergences" 
c'" ,\ 

by Thinnes (1972), in order to reconct~e their epipyllous 

position with the classical theory of the shoot in an orthodox 

way. It has been suggested, however, (Sattler, in press), 

that it is not neeessary to base sueh an interpretation exelusively. 
, 

on position, and so obscure real similarities between o~9ans, 

if the shoot model 1s instead modifled to permit the insertion 
\ 

of leaves on leaves. 

c.4 In a population of Bergenia ciliata (Royle) A.Br. 

<saxifragaeeae) in the Royal Botanie Gardens; Edinburgh, 

small leaf-like structures, laminar and/or peltate, are found 

at the base of the lamina, where it joins.a relatively massive 

petiole (Jong, personal communication to R. Sattler). 

Similar structures have been observed on plants of Gunnera 

chilensis Lam. (as G. tinctorial, in the Montreal Botanical - \ 1 • • 

Gardena, and of ~ xaotbifglia Nutt. growing wild in Montreal. 

, 

-
>, 
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(III) A.4. Anatomical patterns in Epiphyllous Infloresèences. 

4.1 The examirtation and interpretation of the anatomy, 

especlally the vascular anatomy, of epiphyllous inflorescences 
o 

is intimately bound up with the concept of congenital fusion 

(see pp. 7.33). Certain vasculàr patterns ar~ allegedly 

diagnostic of fusion having occurred, "congenitally", or 

during phylogeny. Other patterns permit the ronc'lusion that 

an infloresc'ence may have developed epiphyllously, or that 

fus10nhas occur~ed'so completely that it is no longer 

dernonstrable. In fact, it seems that these patterns intergrade 

and moreover, by themselves 'alone, without additional ontogenetic 

information, say very little about ho~many organs are involved 
Q 

in a given situation, or about what relationships obtain 

between them. 

4.2 Details of the vascular anatomy of the epiphyllous 

inflorescences of Turnera trioniflora and Begonia ameliae 

demonstrate the extreme contrasts in internaI structure 

external~y similar conditions may present. T. trionlflora 

(plate II, Figs. 2-7) exhibits all~the anatomdcal requirements 

for congenital fusion to have occurred. Below the insertion. 

of the flower (Fig.l,3) the leaf and floral traces are distinct, 

and the floral trace enters the stele directIy above the leaf 

,.:1 trace (Figs. 5-6), much as does that of the axillary bud in 

Phyllonoma and Helwingia (V. Fig.20-, XIV. Fig. 27-28). 

Lateral branch buds develop in the leafaxil only after 

flowering is complete. In !!. ame11ae, on the other hand, 

Duchartre (1886) has demonstrated that the ~es to tbe 

inflorescence .split off lnterna~IY f~ two lateral gro~ps of 

<' ~w .... 

J 
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. 
petoliar bundles, and extend directly into the peduncle. 

In default of' development~l data, he then takes this as 

'" evidence of the'epiphyllo~s ~riqin of the inflorescencé, 
~ 0 

i.e., the inflorescence arose d1rectly fram the leaf, rather 

. 
< 

than having been formed on the apex and "fused" to the petiole. 

4.3 The most common occurrence, however, is for a single 
'. 

collateral leaf trace (or group of traces) to de~rt from the 

stele, its lateral edges curving together to meet adaxially and 

fo~ing a closed slphonstelic tra~e. Within the petiole further 

up, or withln the lamina midrib, thls cylinder of vascular tissue 

becomes partitioned dorsiventrally to'~orm an adaxial and an 

· · · , 
~l 
: ,!li 
~ .. ~ 
-\> ,-l} 
~ ,', 

1 ~ 
'~ 
J 

abax:i!al component. The adaxial component forma the inflorescen<:e 

trace, and may once more round up i~to a 'Si~stelic configi1ation. 

The abaxial component remaiœ as the collateral midrib b~dle 

extending into the remainder of the leaf. Th~pattern has 

been demonstrated for-.,bOth, the fertile and sterile leaves of . 
Phyllonoma (de 'Candolle, 1890, Figs. 20-~. 

,,:- .,,--
and Figs,. 18-27), and the fertile, but not the sterile leaves of 

Helwingia (de Candolle, 1890, F19S. 1-19~ pp. and Figs. 21-29 ) 
,... 

Polycardia lateralis (as P. hildebrandti; de Candolle, 1890, 
r 

Figs. 42-47), and Theslum humifusum OC (Thibaut, 1955)~ 

ln Tilia (Arber 1925, Fig.49), Crteàrum pu1verulentum Vent.,~ 

and Erythro<,=hiton hYE9phyllanthus (Planchon, 1853) there 1'8 

a similar partioning of vascular tissue within the petiole and 

midrib, but in these cases the nodal anatomy vas not studl~_ 

De Candolle (1890, Figs. 38-41) also describes the vasculaY'" 

anatomy of the petiole and leaf polycard~ Phy11antholdes; 



l;, t 

• 
" ., 

... 

c _ 

• 

• 

.... 

} 
here the co11ateral bundle at the base of the petiole 1::e cornes 

closed and siPhonostelic and remains 50 tprough the midrib to the 

leaf tip where the inflorescence iB bozn~. 
c, 

4.4. Simdlarly, Barth (1896) and Prance (1972) discuss 
1 

the petiolar and midrib anatomy of members of the Dichapetalaceae. 

In Dichapetalum cymosum 

.. Barth describes how, in 
, 

(Hook) Engl. with axillary inflorescences, 
/,.,--

ad~j6n ta the horseshoe-shaped petiole 

trace, an additional, opposed trace, iB formed adaxially, BD 

~hat a more or less complete 'siphonostelic ring of vascular 

tissue results. In the species studied vith epiphyllous 

inflorescences, this adaxial compc>nent le~ to the' 
L 

" 
inflorescence {and in T. pedi.cellaris, to the axillary b~d) .Bart~, al! 

quoted ~rance, made a major po~nt of the fact that these adaxial 

infloresc~races remain separate from the base of the petiole, 

and so provide evi~ence of "accrescence congénitale" (cf. 
1!1& ' 

p.},. .) • In addition, Prance also cites the presence of 

"floral" bundles in petioles of the sterile leaves of species ,,.. 

with epiphyllous inflorescences in support of the occurrence 

of Il congeni tal" processes. 

4.5 The first point raised s~ply ignores the possibility 
; 

tbat examination of the node in the~ ~ies might still show 
\ 

that the opposed adaxial bundle(is derived fram the lateral edges 

of the abaxial leaf bundle, as in D.cymosum, apparently,Phyllonoma, 

and· HelwinqiÀ. 

" 
c • 
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In addition, the second poin~ made by Prance, also 

ignores the case of D. cymosum, where two opposed vascular 

bundles, in more or less siphonostelic configuration occur, 

much as in the,epiphyllous species whose anatomy Pranc~ 

describesy but in this case in conjunction with axi~lary 
, ' /'-. tq 

inflorescences.' As Barth himself points ~ut\~this is precisely, 
,," v , , 

evidence of the vascu1ar anatomical trends in the leaves of the 

group~ independent of epiphylly. Thus it 1s hard to understand 

pr~el s argument tl;\at, "the presence of floral bundles ,in some 

pterile petioles and the separate nature of~he floral bundle 

emonstrates that the position of the inflorescence has arisen 

graduaI' fusion of the pedul}cle with the petiole •••••• " 1 

! 
Metcalfe and Chalk (1950) have shawn in scores of 

1 

es where epiphylly is unknown, the occurrence of petiolar 

anatomy similar to that found in the~ichapetalaceae. ' 

It seems hard to credit, t~refore, that anatomical tendencies" 
J 

are necessariIy 50 closely Iinked to epipb~lly as Prance 

apparently believes. 
(l 

In addit1on,Car~quist (1969) and Schmid 

(1972) have warned of the dangers attendant on interpreting IlkeIy' 
o 

vascular bqpdles as somehow vest1ges or forerunners,of phyIo-

genetically "graduaI" processes • 

, 
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PLATE II' 

Figure 1: Turnera ulmifolla var. iotermedia 

Figurés 2-7,: Turner~triOni;;'bra. Transverse seriaI sectioll8 of 

a shoot tip. vascul~,,-'connect1on of the flover to 
" 

the stele. StainecL,with safranin and fast green 

FCF. 
\ 

Figure 1: Epipetiolar inflorescence. 

Figure 2: Section through the base of an unopened, flower 
(F), above lts insertion (a, in Fig. 1) on the 

(. petiole of leaf L. 

Figure 3: 670 nm below the level of Fig. 2, below the 
insertion of the flower on the petiole. 

Il 

Figure 4: 340 nm below the level of Fig. 3, at the level 
of the axil of leaf L (b. in Fig. 1). 

"-
Figure 51: 60 Dm below the level of Fig. 4. The •• n. 

densely stained cells in the, a~11 of L (and 
L-l, in Fig. 4) uy imUcate axlUary bud 
ini tia tlon. 

Figure 6: 160 nm below the level of Flg. S. 

Figure 7: 210 nm below the level' of Flg. 6. 

a, insertion of flower (F); b, .xii of lesf (L); L, foliage ,lesf; 
, 

B, bract; LT, leaf trace; PT, flower trace; L-l, L-2. the next 
f) 

youngest leaves, vith respect to leaf L; L+I, the next oldest 

leaf. 
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(III) A.5. Developmental Patr;erns. 

a. Spatial Shifting 

•• 1. ':Çhe development of epiphyllous orgau, th.tt ta, of alterecl 

positiona1 re1ationsbips between organs .. y oeeur by three disti~ahable 

·proeesses: spa~ial shifts in the position of organ iD1t1atioo fra. the 

stem (axii of a leaf primordium) to, th. leaf primordiua itaeU; spatial 

and temporal shifts, from the axU of leaf prilDordia to the IIOre or lesa 

~ture leaf; and interea1ary or zonal growth, affeeting diser~te, adjacent 

pr1mordia at the shoot tip. The first proc::ess is that described for 

Phyl10noma, and discussed in more detai1 in chapter/V, and also, 

coneerning Helvins!a, in ehapter VI. Comparable situations oeeur in 

Hordeum (p. 69), Chrysalidoearpus, and in many fems. 

a .2 e

• In Chrysalidoearpus lutescens, Fisher (1973) has de.on.trated a 

unique instance of the initiation of latera1 brancb prtmordia qn the 

abaxial side of leaf primordia, during thêir first plastochroa. Perbapa 

influeneed by the classieal model of the shoot, Fisher bas su"ested th.tt 
\ 

the leaf primordium at the time of braneh initiation is not vholly 

determlned as a leaf, but rather, is meristetDlltic tbroughout, aad bebaY .. 

mueh lib a shoot apex. Thus he deseribe. braneh initutlon a. an uaequal 

bifurcation of the primordtum. and as distinct aiao fre. the toz..tloa of 

"detachad" merfsteaas described by Wardln (1952). 
"-

a .3. A sbûlar shifting of the site of lataral br.nch foraatioa occura 

in Hymenophyllaceoua fern. (TriehOlUnsa spp.: MeVsiib, 1937; l1ertaorat. 

1974). Division of the leaf apical eell l .. ds to fo~tlOft of ODe or 

.are aister-apicé. a10ng the frond, which th~n sive ria. to th. lstarsl 
) --branches. Siad lsr divisions and branebinl occur siao in Pailotua; 

) 
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I!eslpteris. and Stro.atopteris (Bierhorst. 1969, 1971), Actinostachys 

pcnnula, !. gcmwnia, Glelchenia linearis, .Q .. caudata~ and ,g. breckinridgi 

(Bierhorst, 1973). In Botrychium, where the axillary bud ta sterile, the 

fertile spike originates by division. of the leaf. apical cell (Bierhorst, 

1971)'. Sharua, and Tripathi (1969) have shown that the prolifer,tion bud 

lit the leaf-tip of Adiantum caudatum L. originates ln a similar manner as 

weIl. 

b. Spatlal and Temporal Shifting 

b.l. There appears to be a sort of continuum between lateral branch 

development ln Chrysalidocarpus and what ls known of the origtn of the 
, 

1 
epiphyllous plantlets on very ''young leaves of Tolmiea menziesU and 

Bryophyllum spp., leadlng to the condition where epiphyllou8 organ 
~. 

',' ~ ini tiation occurs on wholly ma ture, possibly {ven senescent, 1eaves 
\ 

(G. Coebél, 1902: 428). 

b.2. ln Tolmiea menz~e81i Yarborough (1936) describes the development 

lam1~~ 
5 am loog. 

of the young plantlet found at the junction of th~ petiole and 

a "residual meristem", a lIOund of cells visible on leaves ovar 
, \ 

whose earlier history;w~8 not stud~ed. It develops continuously, and 

~ture leaves beal" miniature plants consisting of entire rosettes of leaves. 

b.l. Thinnes (1972, cited by Sattler, in press) has studied the 

ontogeny of the leafllke structures which form on foliage leaves of 

Begonia hi-spida v~'\cuculUfera, 1I1Od ahowed that they are initiatcd ln the 

second layer of cells, develop like leavcs, and are anatomlcally sL.ilar 

to lcavcs. Perhaps ln order to conform to the dicta of the classical , 

shoot .odcl Corblddlng ins.rtion of phyllomes on other phyllo.ea, as weil 
1> 

as the fact that thesc structures never develop to a size ca.parablo'to 

''':1; " , 
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, 
tut of the le.f burinl th_, tbeir launa r.rely exc •• dinl 2 - 3 CID. J in 

1ensth, Thinn •• interpreted these structu~.s •• " .... rl.nc ..... 

b.4. The develos-ent of the epipbyll~s leaf-Ub structur •• of 

.!. vitlchota.a, interpr.t.d •• ' .... t •• r .... (le.fl.t:'hOllOloau.') by Villt.r. 

and eus •• t '1969) aad euss.t (1970), ha. b •• n report.d by Villi.r. (1972). 

Th. surf.ce of the 1 •• f 18 coyerad vith relatively l.rge pointed multic.llular 

trichoaesj at the ba •• of sa.. of thes. grovth occur., l~.~ing to fo~tion 

of. cup-sh.peel structure. On veins, and e.pecta 11y at th. branch-points 

of the major veina (Villiers and Cusset, 1969) these trichome outgrowths 

J 

beca.. enlarg.d and' stalked, much as in B. hispida var. cucullif.r •• 

Theae are "lIIetaa~rea"; the othera, not 10èa ted on veins, are de.cribed 
1 

by Villiers aa "emerlenc.s". The anatomy of the principal vein of the 

... ta~re 1& ahown to he, siail.r to thlt of the leaf addrib. However, 

Villiers provides no clear indication on the mode of initiation of these 
, . 

structures, nor on the meristem.tic act~vity ~y whi~h they develop. 

b.5. Developaent of branc~es, buds, and "foliar <.embryos" by loc.liEed 

remerlsteœatization of differentiated, subepide~l le.f tlssue hls been 

shown to occur in T~~o (FukuDoto, 1960; p. 22). çardamtn. praten.is. 
, 

(~rchal. 1968), and Halaxi! paludosl (Taylor, . .1967)~ re.p.ctively. 

Rovever, in none,of these case. has th. ectu.l initl.tion of thi. develop.eD~ 
, 

been dellOnatrate4. Marchal h.erself .uSS •• u tbat_ in fact a re.ldu.l 

"detached merist_" 18 pre •• nt, that the aubepldel'lUl cella th.roughout 
&. 

the adaxial aur'face of th. IUture leaf remaln ... ril~_tic, .lthoush b.r 
, 

1lIu.tration, aUudeci to (II B) do.a Dot appear to be.r thi. out. Ai iD 

Ta.ato, there la ln ~. pratensi. a strong localization of the eplphyllou. 

buda in the axU. of lea flets. .nd. lUte Begoni. vl tichotc:.a, in th. anal •• 

, -
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of .ajor vein branchlnl'. 
, 1 

b.6. A .tudy of th. ontol.ay of the bud. dey.lOpinl frOlll the aa1drib 

on the und.r.id. of Int.ct, attached l •• ve. of B!~nthu. cinnabarinu. 
- l , 

(Hall and Toœlin.on,' 1973) sUlse.tl ihat here, proliferation la a.lociat.d 
• 

wl~ leaf ,.ne.c.nce, proc •• dlna by vay of parenchytU tlypertrophy., vhich 

reluits in fo~tion of callua-like ti.sue. Sub.equently, withln thi. 
/ 

callua i.ol.ted va.cular differontl_tian occur~. and grovth centerl 

app.ar. Leaf prtmordia form on a shoot apex, and burat through the 

epidermta. Boot' then form, and va.culer conn.ction vith the addrlb ia 
" 

e.t.bl~.hed. ln a.l,nlop.l, oriental!a a simi1er deve10pment of eplphy11ou. 

buds by internaI c.llul-like tlssue formation beneath the adaxi,l Burface 

of the leaf has b •• n r,port.d by Kato and Kavah.ra (1912). In nelth.r 

case does th.re se .. ta- be -any evi4ence of pre-oxilJtinl "re.idual" 

merist~tic tissue responsible for bud fo~tion. 

c. Zonal Grovth 

c.l/ The concept of "interçalary" or "zonàl" grovth developed firlt 

(Payer, l857b) a. a description of the ontog.ny of organ., e.l. in calyx 
'fil 

and corolla tube., join.d "conaealully", I.e. organ. who.e Independance 

wa. only conceptual, ba.ed on homoIoglz.tlon with liudl.r but independant 

organ. ln re1ated taxa. Thu', Payer (1857.: 114) de.Cri'.' th. inf1or~.cOQCO 
of TUla as follow8 (quoted in BugnOll, 1958):" le groupe de fleur. 

adh.l'e par la partie inférieure d. Ion pédoncule c~ avec la ba •• d. 1. 

bractêè... Cette union du group. de fleur, • 1. br.ct ••••• n. le produit 

p.a po.térieur ... nt , leur nai ••• nee; elle e.t conlfnitale. ta parti. 
o! 

inférieure de la bracté. ou de la feuIlle qui adh~re .vec 1. ba •• du aroupe 

de fleur. e.t contempor.in. de cette ba •• ; ,lI •• 'ODt n' •• tout •• deux en 

• 

, 
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• 

maa.. tesaps et r6uaie.. VoUa pourquoi noua av~. souvent ...,10}" 

l'expression de conn' (cona.tus) pour'indiquer une adh'reoce cOD86a1tal. 

entre deux orsan.s ••• ft and this situation i. cl.arly Ulustratecl by hia 

34 • 

(1857b: plate 4). ~ thi. way, adjacent organs ar. initiatad •• parately, and 
t 

the.e free prfaordia are then suppoaed to be canted up by 'ail intercalation 

(cf. (a) in Taxt - fi sure 1) !Jevelopina ben .. th th_. la. 1IOCIem advoc:ate 
, 

of thi. point of view ie Kaplan. (1971). 

. c.2. Depeoding on whether-this intercalation maintains the ebaracteristic • 

of the organs whose \rt.ordia it ca~rie. up, or not (and app.ar. sui 8eneri., 

i.e. stem-like, wher; no stem "should be") van Tiesb. (1891) de.cribes , 

such a result of intercslary growth as, respectively, either "concre.cence" 

of the organs involved (a. in aelwinSla, Phyllonoœa, and Tili.). or 

"accrescence" of th.!L,.stell, which grCJW8 out frOli the node, ben .. th th. 

(cf. Text - figure lA). 
j 

c.3. Goebel (1933: 1672) however apparently recogni&ed that sucb an 

intercalation could assume characteristics of any, sIl or none of th. orsan. 

involved, ana distinctions which retained the notion of distinct, 

separable 0 ber workers (Schu.ann,'1890; Sdhinz 1894; 
t-

Coul ter, 1910; MeLean Tha.paon, 1934; SchaffDer, 1937; 

Sattler, 1974, and in press) have a180 u.ed tha idea of int.rcalary, sODAl, 
/ -

or torai growth to d~8cribe the ontos.ny of pheno.eoa such a. epiphylly, 
\.. 

syncarpy, etc., wholly dis_ociating it fro., ând reJecti~I, the eoncept of 

conlenital fusion it was ori8inally dea1ped to .aupport. 

c.4. Bupon (1958) ha. developed th. coacept of th, "hypophylloclade" 

to desçribe nodal defor'llMUoDs ar1silll throulh intercalery Irowth whicb 
'. 

Incorporate the pri.ordia of l.av •• , a_ weil as tho •• of oeber ~aa 

" 

~ 

• 

.. 
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( •• a. inflore.c.ac •• , axlllary bud.). ThuI, Qplpb,llou •• ltuatloa. 

aacrlbH by vau Tl ...... to "accHeceGea" an uDdentoocl b, 1 ....... , 

hypoph~IIOCl.de.. 'l1ae •• lat.ra}.d. vitb t'hypoph,11oclact.. co.pl_a", .' 

a. Jupoa d •• crlb •• tb • .,lpbyUou. iàflonNe_ •• , etc. la "blob t. 

lat.realaUon (a) ln Test - ft .. n 1 1Mca.. " ..... cact viCb 1_1 .. (Tat .. 
, 

Hpre la, lr) •. tn va. Tl ...... •• ~.raiQOlol7. chi. vould ba tha re.ult 

of "concrelc,ac.". 

c.5. IAin., M.~ll.r, aad SatCl.r (1972) hava recocly propo.ed a 
1 

terainololJ for floral .cructuP, ari.tal by tncerealary II'OWtb, la vhlch 

th.y .180 I •• k to dll~late tha product. froa the ftOtioa of fu.ad 

individuel orsan'. .' . 

c.6. Interealary growth ha. baen cl •• et1.bed a. bal •• a.aoclatecl 

vith th. inco.plete lndlvlclualbaUo. of tbe pri.,rclta i.~lv" (Stebbla., 

1950; Cu.tek, 1966; van H •• l, 1969; Croi.at, 1973), or due to ''--rl.t .. 

, fulion" (Ral_nn, 1910) tn the •• 0 •• of ~torprt.rcU .. l ~th" (S.ttler.~ -,---
1973) or tt.onal arovth" (Sattler, 1914). Th ••• proc ..... _y DOt al .. ,. 

be ~ .. clily dlltlnauhh.cl frota ... eh other la daacrt,tt.ou, or f~ ,""tb 

oeeurrlq at vell d.Unacl ttlncerca1a-ry .. rl.t_.". Sucb .. nat .. _, 

" 

app .. r a. v.ry locelb", hl"'ly _riet_tic nltoaa b.tv .... re.lem. of 

cliff.rentlated, vaeuolated ti •• u. (Cutt.r, 1971) la tha pb,lla.orpb. of 

Streptocany •• ad the syoophore of tha pHaut (.JoIiI. 1970, a ... 11 •• ta 

th. I~th of .. ny .anocot. (Fl.her, 1970, 1971, 1973, 1974) AD4 clicot. 

(Cutt.r, 1971). 

e.7. How ... r, ln oth.r .1tuatlOlla "ho .. est.nal _rpholoU ... 

.arpholea •• lI _ .... c "iatercalary" or "80 ... 1" powth, a ..ch .are dU,... 

pattern of ,rvwtb ha. b .. a d •• eribad. AA la ... 1..".. (St ... i'" ... 
1 
~ , 

,~ 
" . 
ru \, 

.t1 
l' 

Yalil. 1966; 'fttoM •• a, 1970) abel iat.l1IIDde. (V ........ ad CenlllOll. 1966; ,i.~ , J''';' .' 

,1 \.\ 
~ r .~. "'. '.,!:,'~ ... {f 
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Cutter, 1971; Steeve. and Sussex, 1972) lOftgitudinally orieated eell 
• ~ 1 

division and exp.nsion appears to occur in a rather l.rge zone, i.e. 

, ,\. J . ..-1a 
the ,c~n insertion of the a.sociatect pr11DOrdla, e-,g. ,Oroi op1-wwur 

, . "'" 
cauda.tUlll rtroll, 1937; Sa .. on and Kerstens, 11}7l), and Spathicaœ 

aaaittafolia (Tro11~ 1928)., A .imi1ar occurr.nce h •• beett de.cribed 

in the inte~oda1 expansion vbich resul ta in the )'concaulescent" 

positioq of the inflorescence of SolanUlll ~lonaeD8 (Shah and Patel, 

1970). 
, 

c.8. 
, '\ 

In Helwin818 japonlca, however, 'h h pos.ible cribe 

a pattern of "basal" (Clave., 1961) or "lnter~lary" gr aponaib1e 

for the upsrowth of the -"intercalated zoue'" or IIhypophylloclade 

complexe" 0 f .the fertile lad. . ln C .... j~ction v1th 1n1 u •• 1';" of 

the bûloreacence on the ha •• of the leaf prilIIOrdiua, ba.a1 grovth 
\. 

1 

ben.-th the two pr~rdia can account for the observed anata.1cal 

and developaental data independant of specific proce.ses by which 

prlmordia have been de.cribed t~ coalesce, or fail to individualiz., 
, 

such aa extension ofJthe apical growth of adjacent primaretia ("merist., 

fusion", Hag_nn, op. cit.; "Interpri.alordial grovth" J Sattler, 1973) • 

• 
\ 

\' .1 
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(III) A.6. Functional Considerations. 

a. Epiphyllous Inflorescences ,-

. a .1. The functional and/or adaptative significance of "epiphylliflory", 

i.e. epiphyllous inflorescences," is not st all cle8r, as it has not yet 

been the object of direct field study. It i8, however, clear that no one 

explanation will serve for more than a l1mited number of cases. One of 

the first conjectures wh~ch comes to mind i8 the possible iJplication of 

plant-poillnator relationships, Certainly only a very small number of 

epiphylllfiorous plants are wlnd pollinated. But the array of combinations 

of leaf and flover slzes, posltion, b~act showines8, and brc~dlng system 

makes lt difficult to see any obvious pattern. 

a.2. 
~ Stone (personal communication) has 8uggested' that lt may be 

advantageous for a plant not,to have to depend on determinate locations for 

flowering. However, in preétically aIl of the cases reviewed (III.A.3.), 

there 18 llttle or, no indeterminacy in, flower or inflorescence posit~on • 
., 

The variatlon whlch occurs ls between epiphyllous and axll1ary positions, 

as for example, in Chisoheton pohlianus (Harms, 1917), Raphanocarpus 

klrkil (t~e female}flower; Hooker, 1870). and in Dichapetalum tox!carium 

(Eng~r and Krause, 1931), Saururus c rnuus (Baillon, 1874), and Thesium 

(Thibaut, 1955). In the latter three càses, this variation is associated 
1 

with position of the flower or flower clusteT withln th~ inflore~nce a8 1 

a whole. 
, , 

ln SuururU8 and Thesium there 18 an acropetal transition from 

sessile, axillary flawers. to those carrlcd up and eplbracteous, 8S in 

Tcxt - figure lA. 

"a.3. Epiphylliflory may be seen as one strategy for flower prosentation. 
\ 

In {orms whose stems ,do not branch. or branch only rarely (tlMDdMe de 
" 
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Uallé and OIdc-m.1nn. 1970). where axillary structurcs are not 

d. such 8S in Phyllobotryum and the other Phyllobotrycae (Richards, 
• r 

1966; Lctouzey ct al •• 1~69~ HaIlé and Oldcmann. 1970; Letouzey, personal 

eonnuniea tion) , the flowers are displayed along the length 'of the petiole 

and midrib. 

a.4. Analogously, in Begonia paleacea and !. prolifera the inflorescence 

occurs on the single, sessile, palmate leaf fo~d on the rhizome '(Irmiseher, 

1925). Such a unifoliate habit, and the coneommitant adju8tment in growth 

pattern (to "phyllomorph" organization, cf. p.19 ) in Streptocarpus 

(Burtt, 1970), Epithema tenu~ (Rallé and'Delmotte, 1973),: and Chirita ' 
, . [ 

(Hill, 1938) appears to be assodated st least in part...-with t~e abUity 

to take advantage of vertical and overhanging substrates. 
r' 

a.5. Faegri and van der Pijl (1971~ pp. 18-27) and van der Pijl 

(1912. p. 3) mention, by vay of rejeetion, the n'antiteleologieal lt and 

"anti-adaptation" arguments of Coebel, Troll and others, and can point to 

the increasing number of studies in the literature which support their 

approach and testify to the intricacy of eo-evolutionary relationshipa 
1 

between plants and the agents of their pollination and di.per.al. Still, . , 

it 6eems foolish to overlook the possibility that some morphologieal 
~ , 

variations, such as instances of epiphylly .. y be adaptively neutra1 

consequences of the IDOrphogenetic potential of a plant, whieh l18y or .. y 

not be "uti1ized" (sensu Goebel, van der Pljl, 1972, p. 3) by It. In the 

absence of strong cvidcnce 

conR ldcr,>d. in every ca se. 

to the contrary, t~ossibility DUst he 

The distribution ~ epiphyllous and axillary 

inflorescences among congeneric apec~e8 (e.g. of ErfJ!,rochiton, Chlaoheton, 

Dichnpctnlum, Peperoila. Polycardla) and elosely related genera (Raphanocarpusl 

-; 
,1 
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HoaIordica, Phyllocaris 1 Lobeli;J) suggcst a possible ..cans of approaehina 

th~ problem (cf. also Neuropeltopsis and Meuropelt{s, below). , 

b. Epiphyllous Fruits 

b.l. ln addition to the foregoing, one of the IItOst signifieant aspects 

of epiphylliflory is that it can lead to "epiphyllt-c:arpy", i.e. the 

epiphyllous position of the resulting fruit. The 1It08t obvious adaptive 
, 

signifieance of this is for the dispersal of the fruit. ln his study of 

plant dispersal, Ridle~t~30) points out, "In a number of plants the 

f~ts ••• are dispersed by the aid of bracts, or by persistent, and usually 

accrescent, leaves below th~ flover. To aet as flying ~rgan8, the 

detachment of the fruit(must bè below these modified leaves.... As exa.aple., 

Ridley cites Bougainvillea and Tilla, deserlbing flight records of the 

fruits of T. dasystylél of upwarda of 18 yards, from a twenty foot tree. 

In Tilla, the configul"ation of bract and fruit a180 leada to rotation of-

the uni tas l t . fa Us» al)d to !ta being blown further, a long the ground . 

a fter it lands. Hevertheless, in h'J.s lIIDIlograph of the A..erican apeeies 

of,Tilia, Jones (1968) depreeates the role of the bract ln dl.pe~al. 

pointing to the tendeney in !. amerleaDa and-!. heterophylla for the 

fruits to readUy beeaaae detached tTOIII their pedlc:ela. Thu8, van der 

Pijl (1972) 8uggests the bract .. y serve Inatead to shab the ft:uit l008e 

.. 

l' 

ln the vind. In addition to these e.a~le •• eplphyll1C.~Y 11kel~ play. a:-[' 

part ln the dispersal of Doblnea and Callplyopetalu. (Foraun, 1954), and - . . 
of Heuropeltopsis (van Oostroom. 1964). 

b.2. In the rebtcd genus Neuropeltis Wall ••• cdlÛlar lIOrP,holo&lC411 

and functlonnl effeet la produced by an alternative ontolen~tlc: atrate&J. 
<\. , 

Tvo ..,.11 and lnconspicuoull floral braC't. a fter fertlltzatlon fol'll a 

, , l' 
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aingle large vina vbich beara th. fruit (Ridley, 1930). Di.,.r"l i. 

lill1.1arly aideel in EDll.urdtia (Ilidley, 1930) aDel Ipeei •• of C.l']!lnul 

(Rid1ey, 1930), where _ braet and tvo braeteol •• unite aad c&rOlr into a 

1al'g. fruit-burina thre.-lobed vina follOlllDa fertllbat.108 (Villil, 1966). 

c. Vegetative Eplphylioui Qrsan. 

c.l. ~'Th. iqtegrated, regular and Datural occurrence of brlach •• or 
, . -~. 

their hOIIIOloSU •• on l .. v •• of ChryNU,cIoc:aœl, Dol~choth.le. aDel 

co!JÈlutntha .~ ... to he a pri,,, exa..,l. of acüptively o.euc~ll 8OrpholOSicai 

var~~tiOD proe.edina" frua th. epig.nettc and .,rphogenetic propeu.ait1 •• 

01. the plant wbere it occurs ~ "lav. of arc.~", pp. 70-72), an a~le \ 

in any ca.a whera "need" and "adaptatioo" perfora a c.hleken and eu 
", 

routine (which CIM Urst •••• ?). Hovever, a. 1s ••• n ia JUny fema t 

(Troop and Hiekel. 1968; Bierhorst, 1971) the ability to prGeluc. epipbyl10ua 

branches may aUov exploita't:ion of a proscrate, strauUng growth habit A 

which spread&-the plant over a large area. 
i ~ >,> , M . 

. The epiphyllou8 occurrence of vegetative pro,..l.a, on the 'oth.r c.2. 
r-

hand, ia merely one fOrlll of v~getative propaptioa. eullinad here beèau.e 

of "ha particular loeaclon. The funct1~1 adva~tage. of vageutive 

~ 

propagation ln Bny manner are vell Imovn, ancl are recorded for .a.. of 

the examples cited bere. It .ppeara that the deeldu.ou •• -epiphylloua 
;.'f", .~ • -

plant lets of cardamine pracenais, dispersed by l'URDUS vater. are at l ... t 

in parc reapoualble for ital diatri~tiOD in the Aretle, Vhere lt la not 

Imovn to set .eed (SavUe. 1912; cf. tidley, 1930). BalI aDel Ta.llnaOll 
\ , 

(1973) point out tut Ha_nthu. cinna_riau. appear. to he .Ud.lar to 
~ 1 -

aeveral o'ther berbaceous .peele. of dae Weat Afrlcan foreat floor ln 

reproducing .t..o.t exc::lusivel, by veaetat1ve .... 1lS. Pield data coapiled 

1: 

, 
" 
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by Yarborough that Tolllliea Mnz1gsU behaves stûl.rl" 

• -although in thls case abundant seed ia prod~ced. Stoudt (1938) ha. 

auggested there -1~ 8 phy1ogenett.c sequence of 1ncreosins specializaélon , 
in propagation from leaves ln the Crssaulaeeae, frOID Seduna (and Cr •• aùla; 

~rmer, 1972), wh:·re there 18 re'leUvely little apcciaUzation for the 

"'" .. 
v '" establishment of new plants f't-eIa- det.ched leave., through Bymesw and 

'" !Calanchoe rotu{ldifoUa, where one baaai :JIeristeDI la presene: on each luf ... 

The most advanced coodition would~e in BryophyllulIl, where aultiple 

marginal meristems are present, 8~ where the production of entire-, 

declduous plantlets, capable of rapld establishment (van der Pljl, 1972) 
-,) 

lIl8y occur. 
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(III) 

7.1. 

A.7. Tcratological and Related Instances of Epiphy11X. 

In addition plphyllous fo~tion of supernumerary florets 

(i 
in straIns of barley aL, 1953j pp.69-70), of branches in 

tomato varleties (Duch tre, 1853; Fukomoto, 1960; p. 22 ), and of 

leaflets and Gunnera (p. 25), which appear to be mo~e 

constant, within the populations iavolved, 

three teratological instances of epiphylly, 

ta of Rheum undulatum, Cucumls sa~lvus, an~rtlca urens. 

While irst two cases the condition Wss observed ,.during one sefson 

only, a second plant of Urdes wss found which showed the condition and 

had set sced, which ,appeared to produce, in the following year, normal 

plants. 

7.2. There are dso two rem.arkable cases where galIs greatly resembUng 
.. 

shoots are produced on leaves by insect larvae. Larvae of Oligotrophus 

oleariae become enclosed "by annular upgrowth of the stem, or more rarely. 

of the lea f surface", of Olenda species (Philipson. 1964). The apical 

meristem induced by the larvae whleh produces
v 

this upgrowth also produces . . 
8 rosette of miniature leaves resembl1"l the foUage leaves of the elearia 

(v 
species 1nvolved, in the phyllotactic sequence ~o~l, for the plant. On 

leaves of Shorea pauciflora king, larvae of Gal'~OC:~S~ànthOnyae embedded 
.' f 

within the lea{ induce the formation on the leaf surface of a conelike 

structure, bcaring upwards of two dozen "leaves" (Anthony, 1972). These 

"leaves" have bccn dcscribed as rescabUng.cataphylls. in which the 

"Oberblnu" is almost totally inhlbitcd (Cusset, cited by Anthony, 1972), 

and are arrangcd ln t1 phyllotaxy nonasl to!. pauciflora. Thb situllUOIl 

1& app:lrenlly unique for two reasons: the lnsect e.cl"g08 and re-encyat. 

- '> . , 
t 

.~ 
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-Saln tvlce ln the new growlb of the .hoot...-tiu pli. a. :lt clwelop.; • 

and the gall it:llelf develops frOII aD apparentl, Dor.l apical _rilt •• 
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(Ill) B.' Occurrence of Epiphylly. 

B.l GeneraUzations conceming the Ocicurrence of Epiphylly. 

1.1 Table 1 (B.2., below) lists the Genera and apecies ln which 

epiphy 110us organs and organ systems occur, accord!ng to Engler', s 

system, as uscd by Willis (1966). ,Epiphyllous formations are Bubdivlded 

into five types: inflorescences, br~nches, attached propagules, deciduous 

propAgules;: and lcaf-like structures. 
.. 

The middle three categories follow 

the breakdown of "epiphyllous shoots" made ln the discussion of their 

morphological patterns (pp. 16-25 ) that correlates with their funetton 

(pp. 37-41) probably, but not with theb ontogeny (pp. 30-36 ). The 

capital lettera A-H which indicate the occurrence of one of the five 

epiphyllous structures refer to Text - fIgure l, and specify the position 

of the structure in question. Asterlsks indicate situations in vhich 

the position is not known, or in which it cannot adequatelY be described 

in terms of Text - figure 1. Similarly, situations in which the nature 

of the epiphyllous structure ts not known are indicated to the right of 

column (5). The references given are not the only one8 cited in the 

text. but rather the most informative ond for the taxon conceme~, 
, 

vith respect to the ontogeny or anatoosy of the epiphyllous condition, 

vhere avallable. Often~ hO\olever, they reter to a'rticles which si.ply 

describe the ep~phyVous condition, and/or the systetlUltic polition, 

habit, or habitat of th. plant lfivolved. 

1 

B.l.2 Epiphylliflory does appear very generally to be a tropical 

phenomenon. Only~ fev gene~ll (e.g. Helw;ngia, Remidium. Horde ..... TheHlu., 

~) are rcatricted to th~ north temperate zooe, white the ra.âinder 

arc typically ·tropical (WilUs. 1966). Vegetative epiphylloui 

.-
1 
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raa1ficat10D appcars to occor only in Begonia slnuata, Coryphanthn, 

Dolfdhothele, and the palms. However, v~8etative propagation from leaves 

as Indicated above, serves from the tropical forest to the arctic. The 

~ preponderant occurrence of epiphylly (other than as a means of vegetative 

propagstlon) ln the tropic8 18 especially interesting because of the 

great age and complexity of the tropical ratn forest ecosystem (cf. 

Spon.. 1973). Ashton (1969) has 8uggested thBt the presence of a variety 

of "apparently non-adaptive" characters, such as ep1phylly (see below, 

and elsewhere, pp. 71-72 ), in tree families of the tropical rain forest 

aay "have arisen when the early angiosperms invaded and diversified ••• 

in what vas to them a vacant humid tropical environment occupied by 

gymnpspermous forest". It may be tha t similar considera tions could 

apply as weIl to the specie~ of the substory layers of the tropical rain 

forest, amang which are Many of the epiphylliflorous species. 

B.l.3 
/ 

lt \s evident from Table 1 (below) that ei.iphyny is widespread 

amans the famili'es of the flowering plants". lts occurrence is distingU't'Shed 

by 1ts apparent randomness, vith, respect to syste~tic or phylogenetic 

re1ationships. Vaing the dendrogram of phylogenetic relationships " ) 

proposed by Takhtajan (1969), epiphylly is found to occur in aU o( the 

aajor groupings but ~ree, the subclasses Hamamelididae, Ranunculidae 
\ 

(except for the probably tcratological otcurrence in Papaver, cf. Braun, 

1860), an~ Alismadae. However, most of the occurrences are ln the 

Dill"nHdac and Ros1dac. Othcr concepts of the relationships betvpcn 

the famillcs reprC8clltl.'d in Table l, such as thosc of Uutchlnson (in' 

Lawrencc, 19511 or CrohlJt (1960), alt:hough the former shows"somc of the 

ss.- c1umps of groups BS Takhtnjan 's, do not distribute epiphylly any' 

, : 

\ 



• 

• 

~ 
less wldely~ withln the angiosperms a8 a whole, or any le8s 80 between 

~PP0gedly,adVanced and primitive groups • 
... ' 

8.1 .. 4 This sort of onalY81s however does not take into account the 

~elatlvc rarcness of cpiphylly in general. The taxa in which tt occura 

seem to be quite isolated, among others of equal or higher rank in the 

same assemblage, as for example, Bougsinvilles, Hermidium, Coryphantha, 

and Dolichothele, amang the remainder of the Caryophyllid~e (16 families), 

the Dichapetalaceae, within the Euphorbiales (7 families), or Helwingia 

or Phyllonoma, within their respective families (sensu lato; Cornaceae, 

12 genera; Saxifragaceae, 80 genera; Engler, 1966). 

8.1.5 Similarly, plants with epiphyllous inflo,escences appear 8lso 

to constitute only very small proportions of the total anglosperm flora, 

with respect to the total number of species, in the regions where they" 

occur. Nor do they constitute any great proportion of the biomAU the" 

Thus, epiphylliflory and epiphyllous branching are di8tribut~d 
\.' 

w~dely among diverse groups of angiosperme. lt 18 $n infrequent 

conditlo~, and does not appear from présent"information to be a character 

whlch confers any disadvantage or unique advantage on plants possess!ng 

it. lnstead, these are fUrther reasons to think of epiphylly, other 

thon its involvement in vegetative propagation, as a condition whlch 

occurs prilll8rily as a resul t of the plant '8 potential for a vor~eCt1 of 

growth patterns ,,(cf. pp.19.JO-36) ,nd which may duplicate adaptat1'onl 

obtained morc cOlIIItOnly by more "orthodox" ontogenies • 
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A.· ",yllon .. Matertal 
1 

1. A la l''' , (la) branch of PhyllOllOlll iateuer1!lp ('rurcs.) Lo ... " 

Stoae 3218, vas coUected for' .. by Dr. D.B. 8t~e of Duke UD1verstty. 
1 

,."1' Kniëco, Costa l1ca, in June 1972, .nd pre.erved in FAI.. Thl. 
~ r 

branch end a .. oclated twig. bore e large uu.ber of leav.a J the UjOrit) 
, , J 

of vtilch vere fertile. in aU ...... of deve10.,..nt. Th.s. leav •• 

had cOlipletely entire .. rgina, end bore inflor •• cence. at the ba.e of 

'" 
the acUllinate leaf tip. It ia on the bads of the.e char*ctera that 

1 identlfled ., .. terial, followina BDgler'. (1930) account of the 
, 

aenua • 

2. Vqucher spect_ns of the .. terlal exaained are GD depol1t ln . 
the HeGill Collese HerbariulI, at MacDonald Co~leae, Ste. AnDe ~e -

';" -

Bellevue, Quebec, (No. 8270n and in th. ~erbarlua of Duke Univeralty 
J 

(Stone 3278) • 

.. 

.. ...." 

1 

, .... 

. . 
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.Helwingia material. 

1. Material for this project, i.e. shoot tips and 

associated fertile ahd sterile leaves, was obtained fram 

several localities, the principal ones being represented 

by several cOllec~s, made ~t d~ffere~~ times dur1~g 
the growi~g season. Collection data for ~his material 

is summarized in Table II. 

2. In Table II, "Post-flowering" refers to male 

branches which still 'bore fertile leaves (inflorescence 

scars on their adaxial surfaces) near their tips. 

48. 

• 
~ The oorresponding female branches would bear ferti~e leaves 

. 
with fruits- < "Fruiting") • .. terile" indicates male . 

\) 
branches which bore exclusively sterile leaves at their 

tip, the older fertil, ones having not been collected. 

"t>ormant" refers to the presence of bud scales enclosing 
• 

the apex and leaf primordia, in the absence of'any ether 

information about the condition of the shoot when 'cellected_~_~­

In the Octobe~ collections, this refers principally to 

branches which were almost entirely leafless ~t the ti~. 
, .r 

In earlier collections, from July on, however, except If or 
\ 

the most vigorous ones, the branches tended to have 
\ 

already ended in a bud at their tip • 

. '.~ .. -';::' 
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TABLE II. HELWINGIA COLLEX:TIONS USED IN THIS STUDY 
• 

'Access-1ofl Date Sex Ç_Qnd1t1~n Fi1Cat1on 
!i2:. 

ARNOLD ARBORETUM, 'JAMAICA PLAIN 1 MASS tU. S. A. 

TAn 61,62 15.6.72 male flowering Acro1e1n 

TAO 65 26.4.72 male vernation EtoH 

TAO 66 :~_~' ... , 1.5.72 
y 

male vernation EtoH - . 
TAO 176 '- 21.7.72 male post-flowering Etcii 

TAO 195 14.5.73 J 
J male flowering Acro1ein

J 
TAO 197 12.6.73 male post-f1owering EtcH 

TAD'?'198 22.6.73 male post-flowering Acroléin 

KURAMA, near KIBUNE, KYOTO CITY« JAPAN , 

( TAI> ~3 

TAO 78-81 

TAO 117-120 

TAO 167-168 

TAO 169 

11.10.71 

2.;;.72 

10.6.72 

2.7.72 

18.7.72 

TAO 171 18.8.72, 

TAO 172 4.10.72 

male/ dormant FAA 
fema1e 
female unopened flowers FAA 

female fruit1nq FAA 

female 

famale 

female 

famale 

fruitinq 

sieril. 

sterile 

sterile 

~AA 

FM 

FM 

FM 

Il~~,~ ',.", ;: ,'" .. 
~At~ &":.:2w tta~ r4 ...... ~ !.~1/f~J:, & ~ L < ... 

~ 

'":' 

., 

• 
Collector 

TAO 

Dr. Gordon Detro1f 

Dr. Gordon DeWolf 

Dr. Gordon DeWolf 

TAO 

Dr. Gardon DeW01f 

TAO 

Dr. R. S~ttler 

Kr. H. Takahashi 

Kr. H. Takahashi .. 
Mr. H. Takahashi 
~ 

Mr. H. Takahash1 

Mr. H. Takaha8h1 

/' 

-Mr. -'8. Takahashi ........... 

'--........ 

~ 

, ' 
~!'i 

~ ( 1 ,- , 

'1 
'. 

> ~I 

J
,l' 

, ,~ 

~ ~,.""'" .. 'l 
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Accession 
No. 

~ ~ Condition Fixation Collector 

GOTEBOR~ BOTANISKA TRADGARD« GOTEBORG, SWEDm ',,­
MM. E. Sahlin & 
Prof. P. Wendelbo 

, 

TAO 178 

TAn 179 

TAO 180 

TAO 181 

TAO 182 

TAO 183 

TAn 184 

TAI> 185 

TAO 186 

TAO 187,. , 
TAD 18~' 

TAD 189 

N.B. 
N.B. 

- ~. -- ... ~ -- -- - -

. 
18.5.72 male unopened f lovers FM 

18.5.72 female unopened f lowers FM .. 
~ 

18.5.72 female unopened flowers FM Il 

3.6.72 male f lowers (open) FM •• 
~ 

3.6.72 fema.le- flowers (open) FAA .. 
3~6. 72 female f lowers ( open) FM J: 

31.'.72 male post-flowerinq FM Il 

31.1.72 female fru~tinq FM .. 
3~. 7-;.72 'female fruiting FAA p 

1.10.72 male sterite FM n 

1.10.72 female frurt1na FM Il 

1.10.72 female--:fru.1 tina FM. Il 

For each date fram the seme three separate plants ~s co1lected. 
For .ach date above, the same three plants vere collectee! fram. 
~ -.-- - ._-_.-
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TAO 42 
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TAO 156 
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YAMAGATA CITY« JAPl\N 

6.10. 71 ~le/ 
female 

NIKKO, JAPAli , 

10.71 male/ 
fema1:e 

/ 

~ 
L--------

Condition 

dormant 

dormant 

ROYAL BOTANIC GARPENS, KEW 

7.8.71 Female dOrmant 
.. 

ROYAL BOTANIC GARDœs« EDINBtJR§8 

23.8.71 Female dormant 

.~ 

" 
i~ __ ~ ,.: ~ ...... , ~ 
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Fixation 

FM 

FM 

FM 

.1
0 

FM 
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Collector 

---:; .. 

Prof. Yamazaki 

~ 

Dr. R. Sattler 

Dr. R. Sattler 
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Dr. R. Sattler 
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C. Additional Material Examinèd 
, 

1. For comparison" material of rUInera tr1on1flo[g, , 

cOllec~d by Dr~ R. Sattler in the Botanic Garden, Sinoapore, 

13 November, 1971, was sectioned to demonstrate the vascular 
f ~l' \ 

anatomy_of the ~ertile leaf and its node. Additional'mater!al 
; 

of T. ulmifolia var. int~rmedia was grown in the qreenhouse, 

from seed sent from Caracas, Venezuala, by Dr. Leon Croizat. 

2. Fruits of Cneorum pulverulentum Vent. were obtained 

through the courtesy of Dr. Gunther Kunkel, Tafira Alta, 

Canary Islands. Hand sections were made and examined to 

determine the vascular relationshlps between the bract, 

hypoclade and peduncl4t. 

3. In addition, Dr. J.J~ Bos, of the Laboratory of Plant 

Taxonomy and Plant Geography, WagenVhgen, Netherlands, kindly 

sent me alcoho11c specimens of D1chapetalum m0mbuttense EnOl. 

and D. ;udatisii Engl., ~from Cameroun, ~. toxicarium (G.Don.) 
r'" , Baill., from C6te d'Ivoire, and Tapura gyianensis Aubl., from 

\ 

French Guiana. This material 18 the basis of the descriptions 
\ -

of these species in Section III, A.3.2. 

• 

\ . 

_ i 
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D. ~h::~thod.ii 

1.1. Fixgtion. The material. u.ed in thi. atu4y wer. 

fixed mainly with standard botanical fixatives, FM, and . 

70% ethanol (ECOH).-~n addition, 'bowever, aêroleln 
\ } 

(CH2CHCH01 from BDH), 10% in water, at,OOe, was uaed, When 
t, .. / 

it was po •• ible to ~. th. collections mysalf. The excellence 
1 

of acrolein a. a histoloqical, aa well as ~ltra.tructural,-

fixative i. deacribed b~Feder and O'Brien (1968), thi. ia 
1 ; 

pr1marily due tQ its high degre. of chemieal reactivity with 
-

a w1de ranq. of biologieal moleeule., reaulting in formation 

of stabilizinq cross-links t~rouqhout the cytop1asm, rather 

-than precipitation. In addition, lcmlein penetrates relatively 

large blocks of tissue very rapidly, making it especially 

valuable in studies at the lev"!l of groups .. ,of organa, sueh 

as ùpical'meristem3, often too large for effective application 

of fixatives such as glutaraldehyde and osmium tetroxide. 

For th9 sarne reason, it ia also possible to use ~l.in -

with caution, as it 1S a tear gas - as a routine fixative in 
, . 

the field. Additional information on 1ts chemica~ and phyaical 

pro.perties, and on' its safe handling, can be found in Shell 

Chemical Company pUblicatio!'ls 'SC: 59-66 ("Acrolein, its 

chemistry and its applications") and IC:69-7 (Indust.rJ.",l 

1 

l 

/ Hygiene Bulletin - Acroléin) . 

2.1. Staginq..Qf the t·taterial: . Because living fRIlterial 

of neither P. integerrimo nor tl. japon1ç~ wes 8Vai~able in 

Montreal during the course of this s~~dy, it was not possible 
, 

to stage the leaf priJilordia of an apex sequentia11y with an ~'-
~, 

• 1 

J ~ .. 'l' " 

• > 

f ' " Ir 



• 

• 
, 

51 • 

,lutochf'On 
'tloULntlt&tIV&Atime scale, as has be.n don. in .orne r~t etudie. 

(Lyndon" 19687 Makeymowyc:h 1973). Instead, th' description 

of leaf development has been basad on ob,.rvationa of relative 

size, dlfferent1ation, and position in th. pbyllotactic f. 
sequence. Thus a series o~ primordia i. recognized~' begi inÇJ 

with LI, the smallest leaf primord1um visible on the shoo apex, 

and cont1nuin9 vith increasingly larger and more histologically 

diffarentiated primordia L2, L3, L4 etc., in 2/5 pnyllotaxy 

in both genara. 

2.2. ~n the case of Helwinqi§, where collections span the 

growing season, it is possible also to describe the sequence 

-(sensu 'Biarhorst, 1960 p.275) of orq.noganetic activities 

taking place at the shoot apex during ~~-season of growth 

(Text figure 2). Again, however, this must necessarily be 

based on inferenee from observations of the patterns of growth 

visible in whole plants, and comparisons between apices of 

different plants, eithe~ between or with1n Iocalities and 

seasons of collection. 

3.1. Dissections. Shoot-tips, from unexpanded axiilary 

buds, as well as the tips of branches, were qissected and, 

examined, and photographed directly, after stainlng in 0.5% 

Acld Fuchsin in 95% EtOH, according to the technique o~ 

Sattler (1968), using a Lei,tz epi-i1lwninator with ~pp1nQ con. 

Objectives (8ee Ernst Leitz, GMBH publication S13-90/Engl., 

"Leitz Ultr~k Instructions." 1968) • 

'-

," 

h :.jt 
---~-------..... _-..... --
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4.1. PI'Iffln embtd41ng '04 Itgtlonlng. Materlal prepare4 
i • 

for sectionlnQ in par,ffin wa. dehydrated ln a tertlary butlnol 

serie. and lnfiltrated Ind embedded ln Tl •• uemat (Flsher), .. 
m.p. 61Oc. ~ Apic.. wer. .ectloned at 7 -8 Ml. whil. mature 

leav.. and nod.. were sectioned at 10 nm. 

".2. In addition, ln a few pr.paratlon. of acrol.in-flxtad 
t 

material, a modification of the dehydration achedul. of Zirkle 

(1930) w.s used to brinçr specimens fram 10~ ethanol to parafrin 

via la, 20, 35, 55, 75 and 10~ n-butanol. The re.ulte 

',\ 

obtain8d, however, ~id not appear siCJftlficantly better than tho ••. 

of the routine tertiary butanol techniqUe. aince the cytopll.m 

shrank a~ from the 'eell walls, althouQh ita structural,' 

preservatlon appeared gopd. 

5.1. GlYcol Methlcrylat, e!b9dàlnq Ind leçtlonlog. 

Glycol methl~rylate(2-Hydroxyethyl Me~hacryl.t.7 tOMA) mcnomer 

mixture was prepared accordloQ ta the method of Fader (1967) 

and Feder and 0 t Brien (l968). GMA, 9"" wea obteine4 front Robrà 
1 

and Haas Co. and treated with Amberlyst A-27 enion exchançre ~ > 

resin (Rohm and Haas) a~d activated charcoal (Nuchar C-19OM, 
~ ~ 1 1 

Fisher), in order to remove, res~ctiv.ly, cont~nant 

methacrylic acid, and polymerization inhibitors ad~ by the 

manufacturer. The purlfi~ GMA was tben atored et ~1~ untl1 needed 

. 
.. ,;:~,_~1~ 

'. 
" 
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5.2. Tho monomer mixture was prepared for infiltrating ti~sue 

and ernbedd~ng by ~ddition of th~ polyrnerization catalyst, 

2,2' -azobis (2-methylproprioni tri le) ,( Eastman), and' the 

plasticizer, Polyethylene glYcol 400 (Fisher). The proportions 
~ 

, f 

Qsed in the work presented here were 0.5% (w/v) and 7.5% (v/v) 

respectively. In practice, the blocks this produced were on 

the hard side" but complet~ly usab~e. 
5.3. Embedding and sectioning were done according to the 

suggestions of Feder & O'Brien (1968), and Dr. M. MCCully (personal 

corrrnunication) '. Acrolein-fixed material, following dehydration 

in an anhydrous series of 2-methoxyethanol, 24h (two changes) 1 

"ethanol, 24h~ n-propanol, 24h1 and n-butanol, 24h, aIl at 

Haterial was corilnonly stored at 0_4oC in lOQD!o ethanol. 

Before transferring to G~~ monomer mixture, the material in 

n-butanol was allowed to ~ome to room temperature, taking care 

not to open the specimen vial until then, to avoid condensation 
,> 

of atmospheric water vapor on the jar and surface of the liquide 

5.4. The material was in'filtrated over several days, in 

two changes of Gt-1A monomer mixture, and finally embedded fIat, 

between two aluminum foil weighing dishes (to exclude 02' an 

inhibitor of polyrnvrization) in a third change of the monomer, 
\ 

about 2 mm deep. Polymerization was effected at 37-3SoC for 

H1gher tempe ratures were found "to pro duce cracks in the 
~ Cv,f , 

plastic in and around the specimen. or greater visibility 

24h. 

in the hardened block, specimens <'were often stained with 

safranin, 
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5.5 For sectioning, the specimens Were cut from the fIat 

plate with a fine coping saw, and the small blocks glued with 

a two-part epoxy cement to discarded BEEM capsules of sp~rr or 

other embed9ing media. The blocks were trimmed with a fine 
.. 

file and sectioned at 2-4 nm on a Sorvall MT-1 Porter-Blum 

ultramicrotome, using a dry glass·knife. Sections ware mounted 

on glass slides by transferring them to à drop of distilled water 

there and then evaporating the water by pl'acing the slide on a 

hot (60-S0OC) warming table. 

6.1 Paraffin sections were routinel~ stained by . . staining. 

standard techniques wi th Johansen' s safranln and fast green FCF 

(Gray, 1958) and Delafield's Hematoxylin, with (Jong, 1970) 

or without dilute safranin as a countevstain. In addition, 

Toluidine Blue 0 was employed according to'Sakai (1973), using 

a standard aqueous staining solution, 0.05% in O.lM phosphate 

buffer, pH 6.8 (O'Brien, Feder & McCully, 1964) to stain 

mounted sections in the ribbon, before' deparaffinization. 

This method has the advantage that by avoiding ethanol, air-
. 

drying the slides instead, and th en transferring them directly 

ta xylene, the pol~hrom'atic staining of Toluidine Blue, is 

retained. This is especially useful in sections of mature .. 
structures containing lignified elements (Plates VIII and' XIV) 

6.2 Following Feder & O'Brien (1968), and MCCully (personal 

communication), GMA sections were stained routinely with the 

standard Toluidine Blue solution given above, with or without 

prestaining with Acid Fuchsin, 1% aqu • In addition; sorne 

matcrial was stained with the! Periodic Acid -schi~f t?~) 

reaction (Feder & O'Brien, 1968), and then counterstaincd with 

, ; 

. . 
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) , " 55. 
Toluidine Blue. For this, aldellYde blockage with Dimedon'e 

(Z4h) was found more useful than other agents • 

7.1 Çlearings. Rodin & Davis (19~) present a method 

for clearing FAA - preserved material using a Papain NaçH 
--........ 

chlor,l hyd~ate treatment. Lignified elements can be 

stained with a dilute aqueous Safranin solution and the 

material then mounted via xylenè in Bioplastic (Wards; 
( , 
Dr~, D. Bierharst, personal communication), or observed 

directly in xy1ene. This technique was used successful1y 

with material of both Phyllonorna and He1wingia, following 

slight1y modified schedules suggested by Dr. F. Pauzé 

(personal communication). 

8.1 Photography. ~ Sections were photographed using a 

Zeiss photo~~croscope, and Kodak Pan-X or Plus-X (new 

forumalation) film. Safranin and Fast Green stain~ sections 

\ 

were photographed using a green filter for contrast, while with 

T01ui~ine Blue stained "materia1, a yellow filter was used. 

These sarna films were a\so used for close-up photography 

with a 3S rrrn reflex c~ra and bel10ws attachment. In either 

case, they were developed for rn~mum fineness of grain with 

di1uted Kodak Microdol-X developer. Dissections were 

pho~ographed with the Leitz system on Agfa high contrast Copex 

film, developed with Kodak D-19 developer. Prints were made on 
- -

Agfa Brovira paper, and on Kodak po1ycontrast Rap1d Re paper • 

( 

, \~ 
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INFLOR&;;C~B OF PHYLLQN(»lA . 
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~e natural occurrence of leaves, shoots, and in 4. 

;-'Jl'tlcular, flowers or whole inf loresences upon leaves 1 . 
(p.~1phylly) appears to be unusual, in te~p of our commonèst 

or!y.;~rlence of the higbet' Plants.- Yet there ~~e,. in fact', 

r-,;)ny ~pecies of anq.iosperms wbich 'exbiblt" tbis conditit>n. 
~ 

Th~ne include severai entire gen~ra, sucq ~s, for example, 

:-hn..1onoma Willdenow,exlfchultes (182~) (Dulongia H.@.k., " 

l!l25: Fiq;28):: assigneèl "tO the ,Saxifragaceee (Be~tham & T 

, 
Booker, 1865, 1:648), Escalloniact!fIJe (Metcalfe & ChaUé, 1950), , , 

or ta its own fam11y, tbe Dulongi'aceae (,.,11l1s, 1966). 

This genus occurs a~ .8~11 trees and shrubs in the mountains . 
of Centr~l and South America. Accordi'nq ta Engler (1930) ,.- the 

) qenus divides inl::o six species, witb' one <..!? lat;icus$?is 

(Tu~cz.)engler) in Mexico, and.tbe remainder, incIuding 

1-. int~ima (Turcz.l Loes. ocèuiC"ring in Costa Rica and 

'1anama~ soutb into Co1ombia, Bo1ivia, and Peru. Phyl1onoma 

in Costa Rica occllrs as isolated trees in the substory of 
f 

premontane rain forest (Stork, 1956; ,Ho1dridge et al, 1971; 

Stone, ~rsonal commun1~ation). 

2. 
1 

wJA A1tppugh a number of earlier workers have inve~tigated 

Pbyllono11!il (C. de Candotle, 1890:·: Schumann,.~ 18901. Ve1enovsky, 
.' 

, 
~90?: Goebel, 1898,1933: Stork, 1956), none of th~ have 
. , ~ 

.f. fully demonstrated the. initiation of the infIor::e~cence and 

cieve10pnent of +the fertile leaf, ire. the foliage leaf tbat 

/ ..fIt... ~ 
'. -, 

,. 

., 
r' 
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beara 'the inf lores"nce. 
, 

The present study was undertaken ~n\ 
, 

prder to clarify tJ:lese events, and as part of an attempt to 

arrive at an understand1ng of epiphylly in general. '. s~ 
, . 

to be able ta make comparisons with inte~p~etations of 

e;iPhYlly bàsed o.n the mature, foliar anatonlv, 1 have also 

studied the vascular anatorny of mature fertile and sterile 

,leaves, and thelr connection vi th the vascu1ar system of 

the branch. 1 

" J 

'B. OB~ÊRvATroNS 

/ 
, Organography 

1.1. -The leaves o,f f. intergerrima are alternote, in 

2/5 phyllotaxy (Fig.l). S-tiPàlos are pr,(sent, bearin9 on 
.~ . . 

their inner surface numerous gla~dular hairs, and enclosing 
" r 

the unexpanded, 'apparently syllepW.c (sensu Tomlinson & Gill, 
\ 

1973,)' axl1lary sboot (Fig.2l) befote 

leaf matures. In the' material ex ined (as in Fig.28) , 

many of th~ younqer leaves of the main leader axillated w>ung 

unexpanded scale-less shoots, and many of the twigs vere , 

still associated vith their axillating leaves. It also 

appeared, f,rolt\ thè leaves of lateral twigs, that the first 

one or two le~yes formed on ~uçh/an axillary shoot'mey be sterile. ~ 
/ 

,/ 

1.2. In the ~xillary buds .Which ware sectioned, sucb .,.., 

\ sterile ieaves were nbt' detected. .' The shoot ap1ces ~ed ln 
. . '\ 

the' study .of fertile leaf ontogeny had already formed a number 

of fertile leaves, so that it can be reasonably assumda ~hat 

\..... the youngest lenf primordia that have not yet initiated 

. . , 
l ' 
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epiphy110us in~loresences in figures 7-10 represent leaves Wh1ch 

would have formed inf10resenees. There ia no indication. in 
--~---, 

our mater1al, or in the literature, that alternating flushes J. 

of fertile and sterile leave$ oeeur a10ng the sarna shoot axis 

in Phy11onoroa. 

1. 3 •. The infloresenee' is borne at th~ bas~ 'of the elongate 

leaf tip, or acumen (Fig.17). It is organized into a 10ng-

itudinal series of variously ereet or prostrate, expanded or 

unexpanded axes and associated bracts., There aré no 

ftppendages formed lat~ra11y. A1~hough ~tork (1956) reports 

the infloreaence as eymose, the materia1 examined exhibit~ 
i'J 

a great deal of variation in the extent of development and 

branching within the mature infloresence and infrutescence. 
\ 

1.4. The organs referred to as leaves here are recognized . . 
as such sin~e they are dorsiventral, and there are no organs 

presen~ wh.iC~ are in an axillant pqsftion with respect to 

thern, and since they are associated/with stipule-like 

structures, and themselvep axi11ate .lateral shoots. 
< , 

Organogeneais .' 
2.8.1. Leaf Developm~nt - The shoot apex ia organized inta a 

,. ... 
tw6:"layered tunica, and a ,corpus, of which the .. outermost' cell 

. 
layer may resemble a third tunica layer (Fig. 5,6). Leaf 

primordia arise 8S centres of·growth on the periPhery of the .... . " 

apical dome (Fig. 9) ~. 
1 

At first, enlargement oceurs due to 

meristematio. activity throughout the leaf primorClium' (L2' 
1 ~ ~ ~' 

l"ig.·1,4 & 5) wi th stipules arisirig as 1atora1 growth çentrès 

Hith further growth ,the prirnord1wn, 

originally e).lipticill, be.comeà semicircular in crosB-rsact1en 

, . , . . ~ ... 
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the IcI.xial .urtace ftattanad or .Uptly cncava (L3 , Pia_ 1; ~ • 

Fil. 8-9~,. Thia reuin. tha overdl coofLaurat1cm of the aLdrLb, and 

of the petiole, which dev.lopa l.ter. Heanwhile, the la.toa davelop. 

from th. flank. of dle lalf priillorcUuaa. A. th. doraiventral1ty of th. 
1 

primordium becoma. more pronounced, cellular diflerentiatioa occur. 

wlthln the leaf primordiua. The .pical and abaxlal cell. beco.e 

relatively more entarled and vacuolated (Fli. S, 10). The apex of 

vac~olated >ce1l. at thll Itale (Fla_ 5,~0) repre.ent. the ntire 

mature aCUmln, lnto whlch lt dev.lop. pracOelou.ly (Piao 1~16)_ 

2.I.Z. Like the acumen, the .tipule. 81eo davelop precoelou.ly, 

beeOlDlnl sreatly enlarsed early ln the couree Qf leel development 

(Pig.l) • Except for the clevelopment of IllUltlc,aUular haira on th.lr 

lnner aurface, the ceU. of the,'.t1pula. beeo.e completely n'on-

aerlltematlc. and much more ~l.r,ed 

the young petiole and lamina. l ' 

and vaeuollted th_n tho.e of 

2.a.3. El~n8at10n 18 .ccompanied by elabor.tlon of the lealna 

(F1g.14-l6) fram mer1atematic ectivlty developins on the fl.ou of 

the prl1DOrdium CL), 1~5' L6 ; Ftl. 1);~ .rhe two halve. of the t.aloa 
. " 

r~ .. in adpressed until la~e in development; proportlonally, the 
o 

gre8ter part of the width ,~f the lamlna 18 produced belore the luf 

matures and opena out. 

y 2. b.l. Ini Ua ~ion o~ Ute Infloree.nce - The iofloresenee erle •• 
~ . '\ 

on the ad.xial .urflce of the developina leaf, vhen the latter t.-

.bdut 300 llIIllong. mea8urf!d frolll the axil (Ptg: 5,11). Tbe ln1tiua 

of the lnfloreaence, thlt la, the primordlua et the tl_ of lta 

inception, when lt firat become. dietlngul.hable fra. the .urrouDdina 

cella (aee alao p. 76 ft.)" la produced more than,50 na 

.-.-
, 
) 

/ ,.t ' 
1 '. 

, ,. 
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... 
abovo the axii" of! the lellf (riO. 5), between the young 

,;' 
( ' 

lamina-halva. (FiO.14-16), by'parlclinftl diviftion$ 1n th~ . 
thlrd coll layer (Fig.6). 

t.] 

, ~ . 
~. eellN involved beeome hiqhly .,. 

merletematic, more so then the other cells of the ad.xial 

81de o~ the leat, closer to the shoot apex ('19.6,11,12), 

and form ft vl~orous reproductive apex, or lnfloresence . . 

primordlum (Jriq.12',14,16). ,rollowino initia,tion of the 

, 

infloresonee, the fertile,leat elonqat •• o9reatly" ptinc1pally 

through continuation of the intereal~ry, basal Qrowth ot 

th. primordium below the aeum.n and insertion of th. 

infloresenee (Fig.7,14). In th1s weYl r the intloresence 

remein .. 'nsertod' at th! base of the aeumen, where lt 1. 

- enelosed by the adpressed ryalvea' of the lamina until the 

l8af matures and opens. 

2.e.l. In1t1~1bn 0' the hx[llary Sud - The axil1ary bud 
--...., ) 

subtendod by the fertile leaf 1a formed in a manner .imiler 

ta that o~ ~e infloreaenee, and at"approximately th. sarna 
\ 

tlme, or sllqhtly after. ' Prior to infj.oresence lnltlatlon 
, ' 

(F1g.4,~,10), thera is no indication ot any axillary lnlt1um. 
,-

At Il stagé of leat d~velopment,whenr the lnfloresence 

prlmordium la well ~ta~llshed (~, 12), however" th., 

presence of 8 group, of cel"ls more mart-~tematlc than their .. . 
surro~(\d1ngs ~~b8erved"ln the ~xil, 0 the basa of the ~.af 

prlmordium '(Fig.13). Thesel ~llS a~bB uently forro a ~hoot 
~ j \1" • 

aPex, w~1ch C)l"O\'lS out an a la~Qr'll *n" Of not, appnrently 

in ~o .. e rolntion to th .. pdD!Uon. or ('Jor. of the axis on 

whlch 1t la formed. A / , 
\ 

,. , 

-, 
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·2.d.l. Proçi}mblal J)ov~~opment, of the M1.é\[~b of thQ [erttlft Lg,e -
, 

~arly in leaf dovelopment, beforo initiation ~f thè inflore~c.no. 

(Fig.IO), a sinqle median procambial strand lA laid down 

acropetally (Fig.4) as ft block of~tis8ue within thft leaf 

primordiurn, relatively close to ita adaxial surface (J12' L3, 
'\ 

Fig.!) '. This block of procambial tissue, however, il' laid 
~ -

-do~ progressively, in att· abllncisl-ftd8xi~1 direction, the 

earl1.est-formed, abaxial portion of the strand leading into the 
. 

acurnen, and for,ning;>rotoxylea tirst(L., Fig.3, "10.10':'12). 

'Differentiation of the adaxial portion of th1a st,rand 

apparently accompan1ea 1nflo~e&cenee 1nitiation (L4 , 'ig.l,21 
t 

a~d LS' Fig.l-3~, and occ~~ into the new ,pr1mor41urn and 

be~wee~ it and the axil of the leaf (Fi~.ll) •. In this Wdy, 

a complete. unitary ring of vIsculer tissue ls eventually formed ~ 

(L6 , Fig.l), the centra~ proeambial cella 'd1tferentiat1ng 

.~s parenchymà. while :he abaxial ar~ of elements 18 continuous 

~th that in the a~umen, and,the adaxial arc supplies the 
!' " 
inflorescence. 

3.1. Vascular Anatomy of the l'le,tqre Fertile Lee.f 
" ' , The node is unilacunar~ giving off one traee to the 

\ 

leaf, and two to the axillary bud, laterally (Fiq.l9-20). -There 

are no v8scular traces ~o the ~tipules ~Fig.2l). ' The 

vaB~ular bundle ta the le~f, b~tw~en the base of the petiole 
, j " -,' \ 

(Fig.2l) and t~ in~ertion 9f the infloreBc~nce 1s similar .-.. . 
~ 1 • \" 

in structure to the Whole stele of the .tam, which ls an 

,ectçvhloic. siphonostele (Fig.~8,21=24). Howover, the rinq 

of vascular tissue may be moré or les& discontlnuous late,rally 
1 

(Fiq.23) • 
In Te lamina, the mldri,b of the leaf 1a enclosed 

l' :.;1 

\t 0 "1 ~ \. 
~ 

.1 

, , 
..~làl 
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by a fi~re shèath (F19.22-24). Clearings an~ ft8ct1ons show 

that the median, adaxlal portion of ~he leaf bundle, whidh 

supplies the infloresence (Fig.24-27), is continuoue 

proximally with the lateral portions of the lesf trace (Fig.20-2l). . . 
Tho abaxial arc, wh1ch gives rise to the Intersl veine of the 

• 
lamina, is left .to continue as a collateral bundle into the 

acumeft- (Fig. 24-27) • 
, 

3.2. Sterile leaves show the same midrib vascular a~atomy 
{ 

in transverse sections 8S fertile leaves (Fig.22-24, Fiq.27). 

This confirma de Candolle's (lSqO) observation that the va8cular 

anatomy of the fertile leaf 18 independent of the -presence 

of the inflorese~ce. 

C. DISCUSSION 

1. One of the first surveys of epiphyllous. inflorescences, 
: 

Ctd Candolle's 'Recherches sur les Inflorescences ~p1phylles' 

( 90) included the results of developmental and anatomieal 

s udies of the fertile and sterile leaves of ~oth Iiel't(1ngia 

1aponic~ Dietr. and Phyilonoma Iptiçuspis Turcze In bath 

cases the anatomy of the midrib of both sterile and fertile 

leaves was found to be identical,. subject to SOrne ,interpretation 

in th~ case of Helwingi~. 'Sim1\irl~. di.se;~ions of shoot 't 
tips of bath surfaces showed the aè~ciation ot the youngest 

-'f'~ 

inflorescence promordia with already well-develope~~eaf ' 
, 

primordia. Furthermore, the identification of the orqans in 
",- . 

__ f'" question as leaves, ,~as confirmed by the presenc~ of stipules 
. 

and axillary buds in their normal positions. conseque,ntly, 

\ - . 1 --
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do Candolle concluded that in both cases the inflorescence 18 f 

by the leaf, ruthor thnn the shoot apex, and th'at the fortile 

and sterile leaves ara completely ho~làqous with each otfier. 

In th!n way, he saw epiphyl1y a~ an exemple of heterophylly. 
, 
1 

2. This view was cha11enged by ~chumann (1890), who 

suggested that intercalary growthw8s respons1ble for moat 

~iphy1lous inf1ore9cence, Schinz (1894) concurred, and 

arqued that de Candolle's anatomical data cou1d be used 

oqua11y weIl to support Schumann's interpretation. 90th 
, <-

authors, with de Candolle, rejected the hypothesis that 

congenital fusion was in any.way implicated in the condition. 

3. Gravis (1891) dismissed de Cùndo11e ' s work, simply 

considering al1 such leef productions as adventitious. 

However, Velenovs'ky (19,07: 610, 19131 117-118), also 
r 

disagreeing strongly with de Candol1e's 4rtterpretati9ns of 
~ 

Helw1nqia and Phyl1onoma, felt that if their epiphyl1ou8 

1 inflorescences were" interpreted (~s de C.mdo1-I'e did) as 

1eaf-products, they must be reduced to the statua of 

adventitious buds. Instead, he argued that there probably 
\ 

existed tn the inflorescence of Vhyllonoma leteral appendages, 
1 • 

similar to those he, found in Helwingia. These proved to him 

the homoloqy between thcyHelW1nqiâ inflorescence and an 
- . 

~xillary bud. ThUB the inflorescence of phyllonoma would 

~ he a fertile axi11ary bUd "carried \tp" (verschoben) 'bnto the 

1eaf, and both de C!ndollo's anatomical and ontoqcnetic . ~ 

,evldence complOte1y dlf;counted, 1n the liqht of th1s 
(', . 

,'" morpholoqical "fact". 
, \ 

( - ~ , 
• t ;:: ;t:t ;:;: 
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" 4. Gaebel (1898 ln. p.609) allto diam18110d c1e'C .ndolle' tJ 
" 

UMQ of l'Inntomical ev1dnnco to settlo morpholoq1cnl q.\l8Rtions. 

Howevor, hies nccount of! tho infloreBconce of ~. '[lJ..!1ç.i!2J.lll 

W1lld. ~"J J)ulonaU ocuminato H.D.K.) and its devolopment 

(1099, 1933) doos not differ markedly from do Candolle's, 1n­

"oter t'lS he a180 reported the" ep.phylloua oriqin of the 

inf10reftcence, although he augc;,est'" that the rema1nder of the 
\ 

fertile 1eaf, below the acumen and inf!lorescence inae~tion 

(in th!s ca.o, the ~ntire 1oef! bla40, althouc;,h thi. would not 

be true for f. l,ticu_Ria, ~ tenu1Ù,n" and~. tr1(12~a) 

tesults from an intercalation. 

~5. Stark (1956) investi9atod f. 1ntegorrim! (as î. 
- , 

tYudff21ia) from Costa ~ica, and concluded 0180 that 'the 

inflorescence arose epiI,hyllou$ly. However, th1s conclusion 
\ 

wes apperontly baaed only on the observation of the 

1nBoresconce pr1mord1a of f!airly wall-devaloped leaves, 4 mm. 

lonq. ----
6. Our present results lead us ta concur with the' • 

intorpretntions of C. de Cftndoll~, Goebel and Stork, with 

respect to th~ epiI~yllo~ initiation of the inflorescence in 

,PhyllgDOID§, and the ac:cep~ance of th! Il 8i'tuation t'Or whftt ï t 

1s, the insertion of an 1nflore"conce'upon a le8~. 

1. This interpretat1on, however, does not agree w1th the 
, 

claB81ca~ theory of the shoot, which requires tha~ infloroscen~e. 
,. '" ) 

, (shoot-homologuos) be inserted upon stoms (cauloTnes) rand never-< , 
, -

on tho1r iatoral appon~agos (phyllomeo). TQ cohform wlt.h the 
' .. 

d1çtu of the claooies! thoory, the observed, prohibited in~ert1on 
' . 

. ... 

( 
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of nn lnflore8c~nco or other nhoat homologue on a loaf has 

beon relntcrpretcd, ln a n~ of ways. 

(1) lt could be ~ue ta" a developmentally unobservablo , . . 
"congenital or .. phylogenetlc" .... fu8ion (concrescence, 

adnation, connation). The separate orqans would , 

be revealad within their union by their adjacent 

but separate vascular supplies (Duchartre, 1886, 

velano~~, 19~3' l17~118). According to' Payer (1857b) 

this situation arises in ontogeny by lnte~alary 

qrowth -beneath the separate pr'lmordia of the fused 

organs initiated in the required sires, and la 

described by van Tleghem (1891. 74-75, 352) aa 

.. concrescence" • . ./ .. -

(2)- The condition could be dismisaed aa accidental, 

or ttadventltlous" much as new shoots ar~ PrOduced 

from cuttings of leavas (Gravis, 1891)~ 

(3) Flnally, it could be denled that the leaf in question 

18 in fact a leaf, as in Ryecu8 (several authors, 

cited by Duval-Jouve, 1877); redefinirig lt as a leaf-

like shoot, or ~hylloclade (cf. Stork, 1956). 

It mlght be noted that the first specific epithet 

applied to Pll'yllonoma \O'8S ruécifolla, by Willdeno\'T, 

ho'rever it mày he that he intorpreted the case. 

8. Concernibq the firet interpr~tation, Stebblns (1950), 

Cusick (1966), van Heel (1969); and Crol'zat j( 1973), lntcrpret 

conC)enltal fURion ~8 the result, ln ontogeny, of incomplete­
#Il' 

indlvidualizatlon of separata primordia, so t~at they are .. • . 
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carriod up by ... common intGrculn,tion, in the Huma way nu 

l-'ayor (IF)!)7b), for !io.J..w..i:....I1!J.!il, nnd dchum(!\nn (1890), van 'rieqhom 

(11191), ~nd :~ch1nz (laQ 4) for l'hyllo..DP..!!W, doLltcrlhac1 thn axilll'lry 

orig1n of tho eplphyllouR infloroAconcoA. Wo huvo nhown, . 
\ 

howovor, thnt th1" i8 not the cano ln !1'il19nom~, whorn tho 
• inf lorfl)ocencc iA "'ini tinted on a well-ùovelopod leaf prlmor(Jium. 

9. Anatomical evidence of fusion having t~ken placa 

congenitally ia bosed on tho princlple of vasculor consorvatlsm, 

wheroby the v811culnture 'nlt.ly' revuaJ. the formGr boundarieQ., 

rel~tlve positionA, numbers, and cntogor1ès of orgnns, or 

tho1r parts, wh1ch mny now be obocured by reduct1on, connation 

and adntltion' (t-,osaley, 1967, quoted in nn analys1s of 

vaecular conservatism by ~chmid, 1972). 'fhua, J:llanchon llnd 

Lindan (1853), Duchartre (1986), Velenovsky (1907, 1913), and 

~rancCl (1972) cao describo opiphyllous inflorescences of other 

taxa as phylogenotic, or congonital, fusion products because 

. below tho inflorescenco inoertion they' find evidence bf 

sepnrate vasculnr traces to the inflorescence and lenf. 

Melvillo (1962) points out, hO\'llevor, that tho more or les a 

unitnn' Aiphonostolic vQsculor bundlo preRnnt in both fertile 

and storile lcaves oE Phyllonom~ iA not 'conRistontt, with such 

an lntf!trnretùtion. Our ob~ervdtionn of f>rocmnblftl davelopmont '" 

in fertile 1c-8v8s of ~ • .i.t:I.toqerrimn support thi~ ar!1ument. 

In addition, tho'nnl'\toJnV of nterilQ loavoEl nuqqoAta thnt the 
t 

utructuFo o( thA vaacul~turc'1A not naco9sarl1y rolatod to 

thn prcucnco of tho infloroGconco. A similar Aituatlon occurs 
, l 

in stcr! le louvos of mcmborn....of the lJichapctulacollo with 

epiJ)hylloull 1nflorcacencen (ai\rt.ll, 18961 Melvillo, 19621 

l:'ranc-fl, 1972). 
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10. In the Rceond 1ntcrpretntion, . the URe of the tarm 

"adventitioua" to doscr1bo tho ftppcsrance of the in(loreAcence 

primordium on the .deyelopinq loaf of l)hy;l!onomll 1a of 

quostionnble value. As originally def1ned by Du Petit-
J 

Thouars (lOOq), the term deRcr1bes aIl buds which are not 

either terminal or aXillary (Vriestley & Swingle, 19~9). 

$uch a bro~d definition, although ft convenient catch-aIl 

for situations (e.g. ep1phylly) otherwise difficult to clas!ify# 
r -

ie unfortunate aince the term has the pejorative connotation . , 

of "accidental", and of n1taQing simply, "out-of-plac~" 

nn'd BO 1t directs away seriout:! consideration' from such 

situations (Arber, 1934,. Croizat, 19601 Jong, 1970). 
~ 

11. Alternatively, "adventitious" buds mey be defined 

strietly, as Pr1estly and Swingle 1 28-29 (1929) have done, 

emphaaizinq the abnormal conditions under"which the bud 

appoars, to denote apical meristems arising in "tissues 
\ ' . , 

which whether meristemntic or permanent, were rtot previously . , 

organized as meristemat1c shoot apices". Broel"tjes et al 

(1969), instcad based their definition on the oriqin of the 

adventit10ua 1md, from "re-embryonalised cella nt points' where 
~ , 

no primordia or restinq moristePls were pre-exiat1ng." 

12. There may, in fact, be a continuum between the 

striètcst form of adventitious n~is~formation, dencribed by 

BroertjeR et al, and the "normnl" formation of latetal axes , . 
, 

nt apical lf\cristems, by mcans of "tl~tClched" mer,iRtems, in 

v;t'ew of the cvidence of Koch (1~93, cited 1n prieRtly " 

~winqle., 1929), Champa9nat" (1961), and C:sau -t 1961» that, 

, .' 

" 1 

r. 
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" esp!cially in woody plants, latoral axes (organe) may 

normally arise from tissues no longer mer1stemat1c 

(e.g. unrlergoing tnternodal development). The growth 
, . 

centres aSRociated with the development of the fertile leaf 

of f. intcgerrim<l (inflorescence and axillary bud initia) 

seern to occupy middle ground 1n such a cont!nuum, originating 

neither from fully differentiated, nor from fully meristematic 

groups-of cella, on the leaf primord1um and shoot apex: 

13. Thus it might be convenient that "adventitio\ls" 

be used only 'in the narrow sense of Broertjes et al (1968), 

in, lorder\ to limit its pejorative connotations, ~nd ta refer 
'1 to i t only in' the extreme case, of organs arising by ,,", 

_~.:êmbryona11sation" of d1fferent1ated cells (see e.g. 

Kato & Kawahara, 1972J Hall & Tomlinson, 1973) rather than 

th~se de~ived from 8 localized increase in mitotic frequency -
among only partially d1fferent1atcÇl cells (Bsau"19657 

Stebbins#a 1965), as occurs on the inflorescence of Phyllonoma, 
< 

or the epi~hyllous floret in barley (see below). It might 

be preferable, 1nstead to use 8 still more limited definition~ 

of "advent!itious" as has been proposed by Jang (1970), 

restricting the term ,to " ••••••• str\fctures not conforrning', 

to the regular pattern or relative position usual for the 

plant or species". Finally, it miqht even be be~t to do 

away with t"hc term altoqether- since it has b~en UE3ed s~ loosely, 
• 

and since, in aIl i~s us~s, it obscures th~ real organogenetlc 
1 

potential of a tissue. 
" 
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1 14 • ConcemiDl tbe third interpretatloo of eplphyl1y, th.re can 

be no q~estion tbat th. futile leaf here ls. iD tact, a luf. or 'at 

lebt .. ch IIOre hOllOl08OUS to a leaf than anY other catelOry, ln teru 

of a ... i-quantitative bomology concept (Sattler. 1966). It 100" 

lUte a leaf~ that 11, it grows, snd apparently function. lib a luf; 

it ha. stipules, and axill.tes a lateral shoot bud; flnally, lt ia 

not itselfaxUlated ln any vay by any other .tiructur... ~e .t __ Ub 

8iphonostel1c atructure of the petiole and m.drlb of both fértile and 

aterUe leaves representa Il 'taria,tlon ln 1 .. f anata.y vldespread a.oGg 
, 

dicots (Skutch, 1946; Metcalfe & Chalk; 1950: 1337:1338; Esau, 1965). 

15. These observations. like thoae of Fi.her (1973) on the _ 

. 
J 

.. " 

',/" 
, 1 

• 

epiphyllous initiation of lateral branche. in the pala CChry.aUdocarpu., 

> 1 .. 
c~~not adequately be incorporated into the ri.idly fo, ,lated clas.ieal 

tbeory of the shoot vlthout distortion of the obset"vati-o'n. th_elv •• , ~ 
".. 

or of our understandiQg of them. Howev,er, a revi.ion of the shoot 
1) , 

concept. ,uch aa Sattler (1971, and in pres8) h.s pres.nted can 6 

- " 

accolIIIOdate the.e observations by siaply acceptiDl chang •• in the 

positional relationships between organs 88 8uch. -
16. 

./ 
It la interesting to 4GmPare the.observations ber. vith 

those of Stebbins and Yagil in a aeries of papers on a hooded 

genotype of barley. This genotype, vhich appearl a8 ~tural 

populations in Central Asia (Takahaski et al. t953; Crolut 
<> 

1960: 1524-1534)" reaults in thefot"1ll8t~on of 'a hood. or . 

inver'ted rudimentary f10ret, on the adaxial aurface <'of th. 

" .. 

". 

• • 

. " 

" 

.' 

, 

.-: :' 
~~ 

, : 1 , 

, 
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devolopinq lcmma. ,1 t h~s becn aho\\"" th~t a single gene 
l \ 

locu3 in rerr10nsiblc fO~ the ne,~ pattern \,mic}\ i5 assoc~ated 

lith ~a locaWed increase in pÇroxidase activity (Yagii & 

~tebbins, 1968), and in mitotie activity' (Stebbins, 1965; 
-./ "'-<--. 

Stebbins &. Yagil, 1<)66) oh the adaxial side of the lerwna 

primorùium. 
, ~ . 
A meristematic cushi~n results f~om the ensuing 

, changeover from divisions in one plane, perj5endicular to the 

iong axis of \:he yrimordium, to divisions in many planes, 

and this cushion then follows the 'normal developmental 

d
' . ,. i' 1 h 

sequence of a repro uctive apex, n 1nverted po arity '-lit 

respect to that of the lenma on ,o/hich it is borne. ~'xcepting 

the polarity reversaI in the epiphyllous floret, our 

observations of the develo~ent of the fertile leaf of 
f 

Phyllonoma resemble in outline those of Stebbins and Yagil. 

A change in the relationsbip betweeri çell division and elongat1on 

appears to oceur in the leaf or lenma prirnordi~ ae-'"'a 1 site 

specified either directly or lndirectly by the genome, sucb . '\ 

that the frequency of divisions, and the1r orientation changes 

l7.{) 

a new repr~ive a~x •. 

The findinçrs of Stehbins 
) 

& Yagil, as weIl as th~ work 

to fom 

of Bugnon and his associates (for ref~ences, see Bugnon 1959), 
, " 

Jonq~1970) and of ~isher (1973), and the evidènce presented 

h~re, suggest that evolutionary changes in the positional 
.. 

relationships between organs of highcr plants (" ;'lbylogenetic 

shifting", ~inmerman, 19611 c.f. Leavitt, 1909) can he- '!nOrd 
1 

satisfactorily rblatcd to "Laws o~ GrowthM (Darwin, 18721 

Crotzat, 19621 426, fn. p.S31, 1973 (fn.90, p.144) involving 
, " 

geneticully contr~~l~. but dovelopmentally and environmontally 
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adjustable changes i~ celi division and e~ongatioD • Thesc 
, 

result' in phenomena such as changes in the site of primordium 

initiation, otherwise interpreted as products of metaphysical 

processes such as congenital fusion, as required>by classical 

roorphology • 

10. ' The venue of atypical situations ,like epiphyl~y is that 

they point out aspects of the real morphogenetic potential of 
1 

plants in nature corresponding to these "Laws of Growth-

that we often overlook. As ari example, Chisoheton pohlianus 

Harms may exemplify a shift of inflorescence initiation, 
, ' 

\. wheJe inflorescences may be fOrMed either' in the axil of a 
, , ' 

pinnately compound leaf-like appendage, or in the axils of 

the leaflet-like appendages: these ~atter appendaqes aré 

forrned successively froIn a hud 81 -the ti!'l of the rhachis-ll1te 

axis (Harms, 1917: Corner, 1964). 

19. Faegri and van der Pijl (1971) and van der Pijl (1969) 

revie .. " pollination and dispersal ecology and the role of 

morphological adaptations. r·iodifications such as caulifiory 

cane play ~ role in displaying flowers upon otherwise naked 
• 1 

branches to pollinators (Faegri & van der PiJI, 1971: 156, 
. , 

·re Durio: cf., in tOJ"\perate regions, Cercis and Forsythia), 

and in supporting maRsi VI'! frul ts (j\.rtocar1"'\us, Courou.-,i ta,' 

see· Corner Î 1964). • H ,-wever , therc does not yet seem 
, 

to ~e very much corr~sponding info~tion on the relatod 

'question of the selective advantage epiPhyll~us infloresences 

may confer upon the plants that haat- them. It may he lUt~ly 
,f 

-thnt 'qiven t'he' morphogenetie opportunity to dlsp13Y flowera 

and fruits upon leaves, ratbc"r thnn on sterIUI. a plant aay do 

r 

. , 
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,so, as long as this doe!? not adversely affect it's reproèJuctive 

functioninq (Croizat; 1962,' 1973). Sueh an event could occur 

directly as the prOdUC\ ~f, a mutation. le~ding only to epiphylly, 

or it could be the "a~aptively neutral by-product" of the 
, 1 

effect of natural selection on an unknown aspect of the plantes 
o 

~ ( 
reproductive biology (Stebbins, 1968). F~na1Iy. epiPhyl1y could 

have been selected for, as an alternate strateqy for the optimal 

presentation o.f flowers to POllinators~onq, 190i, Stepbins, .. 

1972) t,ransferring an~ diSp~ay function to an organ blready 

.. presen t .. (Corner, 19 sIJ) • 
20. Such scenarios ,«>uld rnake i t unnecessary, as seems 

to be unlikely anyway (Jong, 1970), that the tropical rain 

forest, in which a great-many spec1es with epiphyllous 

inflorescences occur, offera Itthe lowest competition intens1tyM&' 
1 

Which van Steenis (1969) believes 1s necessary for the 

survival_of nearly teratolog1cal "hopeful monsters", as he 

-describes sorne epiphyllous species. 

, " 

,1 

.. ~ ,~ 

\ ; 
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Figures 1-31 

, fi 

: 

co 

Transverse seria'l sections of el shoot tip. 

Inf1or6Bcenc~ initiatio'n. stained with 

Delafield t B Hematoxylin and dilute Safranln. 
't 

~i.gure 11 90 nm above the apex. 

Figure 21 240'nm above the level ut Figure l, . 
at the lev~l of the in~lorescence primordium 

of L4 (approxfmatel~ the sarns stage/aa LS' 

Fig.7). 

Figure 31 290 nm abova the levet of Figure 2, 

at the level of the infloresence primordl~ . , 
~ 

of L5 (approxlmately the seme stage Ba Fiq. 

14-16) • L4 18 sectioned through the acumen, 
-. 

note the' arc of procambium present at this 

level, Whlch 1s cont1nuou8 with abaxial arc 

in Figures land 2. 1 

L2, second youngest leaf primordium, L~, 'L 4 ••••• , SUCC8ecÜ.ng 

leaf primordia, ::;, stipule, . H, stipuler ha1r, 

1nflore~cenca primordlum • 

. ' 
.' 
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PLATE IV 

.r 
Figs. 4-7, Longitudinal sections tbrough differerit shoot 

10-13 t1ps. Init.1~t1on of the 1nfloresence and 
( 

axillary bud. stained vith Sefranin and 

,Fast Green Fer. ':\ 
Fige. 8-9 A shoot tip, dissected out and ·staln~\. with' ..1 ., , 

1 

Acid Fuchsin. 

Fig.4. L2 in near mad1an sectl~n. 'l'he apical 
, 

and abaxial cel15 of tbe p~lmordium alreedy 

appttar larger and more vac:uolat.ed than tho •• 

of the shoot apex and adaxial aide of, the 

leaf primordium. Ac~petal procamblal 

dlfferentiation is visibl •• 

fig'5.' The same apex as tbat of Fig. 4, 

lS nm beyond L3 

inflorescence ini 

.bovin; 

i~!, ))0-75 Dm aboYe the 

apex. 

abaXially. et. the base 0 

. (Arrowh .... d), and th. al 

-.mall cella 

and deqree of 

vacuolation of the cells ~f the acumeft and 

abaxial s1de of the pr1mordiUll. 

Fig.6. The inflor.senee in1tium of 1.] in 

Fig.5, et the seme meqnificatlon as Fiq ••• 

-" 

Fig.7. LS in .... r a.41an aec:t101l1. • lat.er " 
-r 

stage of infloreacence development. The .. . , 

fl~nk of Ll , of a stipule of L2" and. et S, 

r 
,T ... (, .... ,~l ~.< •• ,~ _ :"~1.. 

f, 

.. , 
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, f. 

< 0 

l, 

.. 

) :. 
" 

~ ~ 
of a portion of a,stipule ~f LS are~pre •• nt 

alao. Note a aimilar req10n of sma11 cella 

(Arrowb •• d); her. further removed frCllll ~e' 

apex. 
, 

F1g,S. View of the ada.xi'al surface ot L2• 

Approximately the seme stage as L2 , Flq.4. 

~l has fOrmed;stipules al~ady. 
, 

1'1'1.9.. View of the,axJ.1 of L2, and of the 

, 8urf~çe' of the" shoot apex, wh.ra ~O wi 11 
'. 

. appear (SA) .. 
" 
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Fig. 10. Near Median S~Of L3~ prior to 

inflorescence initiation. However~ the d8"tk staining 
, 

cella (Arrow) may indicate the incipient inflorescence 

initiu!D' - Note the proca .. bial strand continuing into 

the acumen. 

, _ Fig. 11. L
4

, the same apex as that of Fig. 7, in, 

oblique vertical section. The inflorescence primordlum 

, is at a sUghtly later stage of developiDelJt than. 
~ 

" ..,. 

.. 

" 

the one in Fig. 5. Note the adaxial proca .. b1al <' 

, 
differentiation, below the infloreseence and·continuous 

with the abaxial procambiuaa\ 

Fig~ 12: The inllorescènce primordiÙD of Fi~. 7, al 

higher magnification. Note the protoxyl_ elment. 

abaxial to the infl9rescen'ee prtmordiUli. ' 

Fia. 13.' ,The, aame leaf, L5. as that ~f F~gs. 7 and 12~ 

21 Dm before' that section. 
. 

The axillary bud has been 

<" init1at:ed at tbe 'base of the leaf primordi ... , 

Ac, acumen; AB, axipary bud; SA, shoot apex.; rS. rL. r&1lOYed ,-
stipule and leaf. 
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Fig,.. 

(l-- ': "">;' ~~ ~~~"\I" 
, ~ el • h '.> 

14-171 

Fig.14 

), 

~1'g.15 

Fig.16 

Fig.11 

J 

f.LA'l'b: VI 

Leaf dove1opment. semee ~ Frohtal section of L4, from .. 
as Fl~8·. 4-6. Stalned w1 th Safranln 

. . and ,Fast Oreen FCF • 
, 

L4, a8·removed from apex (s1milar to 
~ 

that !fi F1gs. 8-Q), coated wlth 

mucl11i:;Jenous 'sub!lltance in the vicinl~y 

of t.he inflore~cence primordlum • 

ntained with Acid Fuchsin • 

The sorne leaf prlmordium, partially 

dissected, and the muc1:ftge remojfed, 

to show inflorescence primord~~ 
ft stage comparable to, or'slightly 

older than tnat ln Figs. 7 'and 14. 

An unsta1ned, mature l~af, bearing an 

lnfruteséence (In(r) at the base pf 
~ 0 c 

the acumen. A, ,B, and' C are the 
fi 

levels at whioh the sections ~n 

Fige. 22-24 were taken. 

Infr, infrutescence 
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Flgs .. 18-21: 

and Fast Green FCF. 
, 0 

Fig.lB Base of the leaf 

'Fig.l9 .90 nm above the level of Fig.lS. 

,.,1 Fig. 20 280 nm abova the levttl of Fig. 1,9. 

/ 
Fig.2l ,290 nm above the level of Fig. 20. 

C, - c~rtex:4 Ph,,, phloeml X, xy~em: P, parenchyma'l 

Od AB, vascular supply to the axl11ary bqd. 
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PLATE VIII 

Figs. 22-271 TransverRe ~~~10nS filg"'·"iIft 1nfl"1'-

tesce~c~-be~ng leaf Vaseular. anat~ 
'. 

of ~he mature fertile Ieaf. In each case, 

th~ orientàtion i8 the s~ as in Figs: 

l8-~ with~tbe ada~.al direetion'towa~ 
.. the top of ~he page. Fige. '22-24 are 

stained wlth Toluidine Blue 0 by Sakai's 

method (1973), '1ba. 25-26 vith 
f • 

Delafield's Hematoxylin, and Fig.2' vith 
~. 

Safranin and Fast Green PCF. 

Fcig. 22: Section of t.he petiole (level A in 

Fi,g.l') • 

Fig.23 Seètion of the midrib, et levei D. 

Note the presence of a 8hea~ of 

fibres surroundi~g the bundle. 

~19,24 Section of the midrib, at level C, • 

immediately below the insertion ~f 

the tnflore8cen~, et the base of 

., 

l' 

the aeumen. Noi~ departure' of 

" lâteral vein (LV)r'from the abaxial 
•• l" ~ 

bundie. 

F, fibres, 
( 

LV, lateral veine 
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Fig,25 

Fig,26 
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PLATE IX 

'Cr 

Base of the infrutescence insertion 

320.nm above the level of Fiq.25 

Fig. 27 '690 nm above the level of Fig.26 

Av 

L, abaxial collateral vascular bundle continuing into the 

8cumen of the leaf 1 I.8, adaxial vaseular bundle supplyinq 

the inflorescence reglon, providing two traces. of Wh~êh 

the one closest to the leaf exil (IB1) supplies t~ 
, 

infrutescence visible in Fig.l', While the upper·one (182) 

supplies an unexpanded axis bearing unopened flowera. 
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PLATS X 

/ 

, --
Du10ngia acuminat, R.B.K. 

, 
'( = ~hyl1onoma ruscifolia W111d.) 

Plate 623 1n H~ldt, Bonpland . 

and Kunth's Nova ~en,ra ét Speçies 

Plantarum Vol.7, 1825, by P.J.F. 

!TurPin. J ~ 

The original illu~tration measurea 

23 x 30 cm. 

Copied from the V:Qlume held by the 

Gray Herbari~, .Harvard University. , 
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VI. beYelopMllt of. the Bplph,.noui 
lafloreleeace of Rel.lolt. Japon!ca 
(!huab.) Dletr. 
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A. Introduction 
• 

1. The genus Helw1ngis W111d. (Willdenow» '1806) 18 a 4ioecious 

shru b, wi th two sp ecies Q!. hima la i cs, Hook. f. & Th oms • and !!. chinensis 
", 

Batalin) in Chi~a. anèl a high' polYP~Oid species, ,tl. japonlca (Thunb.) 

Dietr. ln Japsn (Hars, 1972). Ori~inally placed in the Santalaceae 
, 1 

(as esyris ,aponica) by Thu~berg (1784), the genus ls presently assigned 
, 

to the Cornaceae (Wangerin, 1910),' or to tu own family, the Helwingiaeeae , ' 
, 

(Decaisne, 1836; Willis, 1966). and ls distlnguiahed by the epiphyllous 
( 

posi tion of the 1nflorescenceJl of bath sexes. 

2, The development of the male inflorescence of !. ,Japonifa vas 

studied by Payer (1857b; as R. rusciflora Willd.). Schumann (1890), and 
" -

C. de Candolle (189P). Velenovsky (1~07; Plate V, Flg. 9-11) describes 

and figures in detal1 the morpnology of an epiphyl1iflorous male shoot 

of ~. japonica (as n. rusciflora). Subseq~ent descriptions of epiphyl1iflory . . 
'in Helwingi\ (e.g. van Tieghem, 1891; 8ch!nz, 1894; Troll, 1937; MeLesn & 

.Ivimey~Cook, 1951; Bugnon, 1958; Crolzat, 1960; and Melville, 1962) are 

based on these studies. a8 no other work has been do~e on tts developaen~ 

or morphology • 

3. . Th~ study has been undertaken in order to obtain IIlOre informa tion 

about the origin of the epiphyllQU8 inflorescence; and about the development 

of the: :intercalation which develops beneath the pria.ordia of the inflorescence, 

• 
and tcnf. ,re8~ting in the ep1phytlou8 position of the fnElor,· ence. As 

.1 
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Inflor •• cene. 
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0 Fruit • 
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Text - figùr~ 2: Seasona~ Succession of Appendi~ular Organs. 

A: Springj vernation, and flowering. B: Early summerj initiation of 
fertile leaves, and fruit development, in female plants. C: Late 
summer-autumn; formation of the overwintering ~ds. Note: Foliage 
leaves, as indicated, may be either fertile, bearlng inflorescences, 

1 or sterile, without them. The dotted Unes in C indicate the encÎo8ure 
of the structures wlthin ~y the scales of the overwinteri~g bud. 
Axilla ry buds are indi ca t-éd in Band C. associa ted wl th the scan 
of leaves faHen off. 
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vi th Phyllonoma, the vascular anatoaay of _ture fertUe and sterile leavea 

has also been exlllnined. ta pr~vide a baais for ca.parison vith other case .. 
~ 

of epiphylliflory, especially Phyllon~, and so as to he able to better 

assess interpretations of epiphylly based on its vascular anata.y. 
\\Î 

B. Results 

B.l Organography. 

1.1 Text - figure 2 and Fig. 19 illustrate diagra.atically aad 

directly the morphology of a fertile ~Janch at the ti_ of flowerlng. 
( 

The sUpulate leaves are arranged a1ternately in 2/S phyllotaxy (Fia. S) 

and form an acropetal, i.e. chronological, with tespe~t to in1tiati~ 

transi tion from bud sca les through, feJ:tUe leaves to sterile leave ... 

Inflorescences are borne on the adaxial surface of leaves tranaitlaa.l 

ln fo~ between bud scales an~ foliage leaves (Fig. 19), ... vell ... OD 

- foUage leaves. In femsle plants, fruits ripen on the, leaf (PiS. 20). 

i' 

,Hr:lle flowers, and female ones which do n~t develop into fruit, f.1l off, \ J 

following anthesis, leavblg behind • s-U .car (dot, in Tot - fiaure 2B).~ 
, ' 

\ 

1.2 As indlcated in lext - fisure 2, durina the Irowill8 .. easoo the 

shoot apex produces a sequence of le. f types. Po11011ina vernatioa 
\ 

(Text - figure lA; Fig. 1) it producee sterile l .. ves vhlc::h expaad later 

the 8ame year. Subsequently (Text - figu~e 2B), there ia a chaaaeover 

to the formation, of bud scales vhich viii euelose the overvlnterloa bud 

(Fig. 2), followed by the next year 's foliage leaves (Fl&. )-15). At 
\-

the sanc till,e, approxlaaately, there la a transition to iafloresceDce 

initiation and develo~nt (Fla. 2-15). Thua the fertile le.ve. ~lch 

expand in Sprlng are inlttated and develop the 
prevloua -r 

... 

~ , 
, 

'i 
,~ 
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the v1nter enclo.ed by bud Ical •• (Text - figur.2e). 

1.3 In the ~XU8 of toUas. leav •• are fot'1Md the buds of aylleptlc 

(sensu TOIIllinson &. GUI, 1973) lateral branche.: Th ••• are llÙtlated 

the .alle yeer .s th.ir aubtendlng have. (Fil. 3) but do not deY.lop 

apprect.hly untU the aubtendinl l.av •• expand (P1S- 17-18). Thua the 

axl1lary bud. of ateril. leava. are formed in th. s .... y •• r th.yare 

inltiat.d, and tho.e of fertU. hav •• do 80 in th. follov1nl y •• r. 

Their morphololY ia constant. Two bud acales fora laterally (Flg_ 11-18), 

and enclo •• a third, abuisi sed. (Fig. 26)'. Subaequently, lesf pd.,rdia 

are formed ad.xial to thia scale, slilhtly off-center, 80 .s to balin th. 

phyllotactic spiral. 

1.4 The oraanl referred to here as ~'leavel" are 80 d •• lgnated 

because of th.ir doralventr.U ty t b.caus. they 8):e not s]tillatecl by 
~ 

any structures, ~nd because they sre a.8ociated vith stipule-1ike 

structures and themselves axillate the buds of lataral shoota. 

B.2 
\..-

8. 

a .1 

O.rganogeuesis • 

Early Development of the Ferttle Leaf. 

At the time of fertile les f production, the shoot 'apu: i. uNirly 

flat, and 11 orglnized Into a tunies of " single ceU-layer, and • eorpul 
\ . . 

(Fig. 1-4,.6. 7, 14). The svbjacent rtb merlat .. , qor~ .ctiva •• rll.r 

(1.e. dudng the production and expansion of that year'a aterUa lu., •• 

and thair intamodes - Fig. 1), 18 le8s active. the Duetel ther. 

relaUvely IIlOre cond.nsed (Fil. 2-4). Le.f pl'1l1Orila ari •• cm da. Ihoot: 

apex in • 21S phyllotactie .aquenee (Fig. 5, 9). Initl.1~7. enl.r,...at: 

of the pd1llOrdiwa la due to IIMIriat ... tic activity throu&hout th. < pr~i ... 

Within the firlt plastoehron. hovever, ttie cena of the •• xl.1 portloa 



u 

• 

~, ..... 

, . 
r 

of the prll110rdiua beca. enlarged and lIOn vleuolatèèt thaa tho •• of the
tr 

adaxial portion (Plg_ 4. 14) .(:ith the re.ult that the prillOrcllUli be,a_ 

to arch sUghtly over th •• hoot .pex. Durin8 iu second p~ •• tochron» 

occurriaa adaxially •• vell .s abaxld~y (Pig. 6). Dur!", t~l. tille It 

h .. aho beca.. 1101:"41 .. rkedly doraiventral in cro .. -section (Fi'I.' 9, 10). 

b. IniUetion of the Inflon.cence aud Subaequ_t Develo"'nt of th., ' 

Fertile Lea f • 
, 

b.l During th. second plutochron, vecuolaUon and nuclear cond.lUation 

in th. cella of the aaxial: portion of th. leaf prllaordiwa pr~c •• d. so a. 

to dlfferentlate a reglOft of ~t1l1 _rhterutic celh, .t le.st tbre. ceU 

layera deep. at th. bue.of the prll10rdlwa (P'II_ 6). The •• ceU, conatitute 

the inlU ... of the inflore.cence. This rl8ion aho appurl to be .. par.ted 

from the cells of the shoot spica 1 merist ... by a layer of narrow ceUa 

resembling a sh.ll zone (Clowe •• 1961), which ~~in. di.tineu1.hable 

through the thlrd plastochroft (Fig. 7). whU. the inflortlceDce prlllOrcSlua 

is still adjacent to the SRoot apex. 

b.2 In the third plastochron, the celh throu,hout the 1 •• f prt.»rdlua 

~~ becoaae vacuolated to a de8re4rt, exc.pt cho •• of the eQJargiDI l .. floreaceace 

prl.ardlwa (Fig. 7). This vacuolatlon la IIOre pronouD.ced abanaUy (Pl~ 5)>> 

but most of. the "uclei sppeu to l'euin as uncooden.ed a • ..., tho •• of th. 
\ 

.hoot apex and InflorelC:.D.~ primordlua (pig. 7). Al_o durlq th. thilitCl 

plastochron the lea f prtJ.ordiu. beco.e. __ ",circular ln ero •• - •• ction 

(Fig. 5). 
, 

b.l Foll~lll8 the ttllrd plaatochron. developtMnt of the ll"tp. leaf 

il charact.rhed by ba •• l IJ'OV,th' of the lu f prhlorcKu.. ,ubjacent to the 

fl H te' 

., 
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insertion of the inflorescence;primordlu. on the ldf pri.lDOrdlua. This 

results in the formation of an intarcalated zone of tia8u~hOllOlenou. 

of the leaf, b.n.ath th. luflor •• can,ce pr1llordlâ ) 

ç-Jt 
to proceed prt.arily by c~ll diviaioaa 

and enlarg_ct n e base of the leaf. prillordiua. 8y the flfth pi •• tocbron 
~ , 

considerable vacuo ation has occ:urr~d ~jtelY above. in ("the ba •• of 

the developing Inflor~.cenc •• and the adjac leaf' (FIg- 3', 14). 
, 

b.4 Develop.nt of the individuel flove qceurs en the "pex of the 

inflorescence prllDOrdiua to vhic:h .... rist_tic: activlty is reatrieted 

(Fig. 3, 11-14). During th. third plastochron, the blaina Maina to 

develop, from the yaxial. lateral fl.nks of the leaf prillordiua, which 

remain relatively more _rist_tiC' (Fla. 5). The develoJ)IIeDt of the 

stipules WBS not obaervad, but they appear to ariae àdjacent to the 

edgef! of the dev.loping lea f base, a fter the fourth or fifth plaatoc:hroo. 
, , 

b.5 . / The onset of inflorescence initiation .Ln the :lattip .pr1.oa ,ad 
,y~ 

~arly summer'appesrs not t~ coinc~de with beklnninl pf production of 

the following yeer' a foUage leaves. Thus, repeatedly in' dhaectlona 

basipetal ~ransitioD series of foliar ... bers vere obe.iald, fra. 

young fertile foliage l~aves througb the older bud ace I.e enëioeiua 

them. With iqcreaalng develop .. ntal age, the inflore.ceuce ... re lnaertad 

higher arid higher on the adaxid surfae. oi the fertlle l' ..... (ft •• 10-13)" 
~ , , 

Finallyw> reduced inflorescence 'priaordle ~~re eleo fouad tllah up OR the 

adaxial surf.ee of the iz..o8t ~ca1e-l .. v... infloreacaftCe produetioa 
" 

thu8 eppears tobe at lea.t partiall, iDdep.deat o"f the exact aU" of' 
"fil ' . 

the annual devJJ.OJM!Mn~.l cycle of the shoot apex. Wbat are probebly . 

inflorescenee Inl tl~ ... aho been ob •• rved on the prblordia of cl .... lopl .. 
,~ .. 

r q 

. , 
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bud scales '(Fig. 2). SfJd.~arly, 1.11 verÎlaiillg shOot. it: ~11 he regularly 
.......... ~ 

ob.ervid that tIOrphologically inte~lat. follar .... ber. occur aIIOIlg 

.~ th. i..-~t .... d .ca1i vhit:h bùr _1 ~....... (Fi.. 19). . 

c. IttitiatlOll of the !xlilary Bud'. _ 
, 

c.l TJte aX111ary bud subtendecl &y. the fertlle luf do •• DOt ,appur 

to he iuitl.ted \IIltil the fourth or fifm plastochroa. after devllopMllt 
<> ,'" ~ , 

of ~ 1,ptercalated zone bell .. th the iDf~ore,c.llCe prilDordlua hal begun 
.,. . 

(Pig. ·3). If. 81 in eth. cas. of fertile leave., the' aXillant leaf . 
, " 

reaallls dOr'IUnt fir.t, before expanding. ,the axiUary bud meri.t_ r_ia. 
r , 

at a suse cOIIIpaJS.able to that -shown in Fig. 3 regardle •• of th. plastochron 

~ 
lige. of tlte ax111allt leaf. The follOll1.l!& sp;rillg, as the bud OP'IlI, 

, r --................ ,.~ . 
develop.ent resu.ea (F". ~7-18). a~4 a. n.., shoQt ~pex 11 orpniled 

(Fig. 26). 

-d. Proc81Ilblal Developmeut. 

d.l' Early in the fir~t pl.atochron a p,rocallbial .tralld differenUate.' 
, 

acropetaUy into the lea f primordiUII (Fig. 4, 14), and exteDda the le.nSth 

of the les f prmordlma as lt develop. (Fig. 6, 7). The inflore.cenee 

lui ttua (Fig. 6) and prt.orcllUli (Fla. 7) when t~ey develop are .epar.tecJ 
. 

frOIII thia luf proc_bial .trand' by ~e ot two layera of vaeuolatecl eelli. 
(\ 

\ 

Thua, the p~.bial atrand to th. ianore.eence appe8r. to arial ho. 

the ba.'- of ti,e luf strand, begi.œtag ~ft.r the third p1a.tochroa, vhea 
, l " ' 

of the int~~calatecl zone accura (Fli. 14-15), ramer ~Il ., 

lOOD. a. the inflon.cellce 11 initiate4. 

(" -- , . 1. 

" 

" 
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B.3 Vascular AData.y of Mature Fertile aDel Stedle LM"... 

,1.1' The 'Dode ia unilacuaar, giviaa 'off ODe trace to the luf. aDd 

two, latera11y, 1:0 the axUlary bud (Fig. 28-29). The l_f trace a. it 

departs frOll the stele ls an ectophloi~ collatenl -buoU. (na- 28-29) 

vhp.I lateral'eda •• cisrve tosether to "'t adaxially (Pia- 25-27). at 

the sa.. tilDe as they disengas_ fra. th. abaxial porti~ (fta- 25). 

vi thin the, z,a.. of th. ~et1ol •.• _ In tb1.s vay th. va.cular COIlfitparauOIl of 

the remainder of ~he pètiole 1. established (Fig. 24), vith ~n abaxial 
,," 

collatera 1 bundle curviug around and .opposed to ln adaxial huDcll. (dao 

, collateral and .ctophloi~)~, In a~ c .... th. JNlreoch,.. .eperat:la& the 

edges of es ... tvo buDdles ... y be ioslgnUicaDt. y •• ulti ... iD a .i.phQDO.t.U~ 
• 

A 
ion as in Piryllona.a and om.r exa..,le. (pp. III.A.4.1; cf. 

e, 1890, plate 1: F1S. 5) i 
/ 

-3.2 ithin the midrib of the fertile leaf the acllnal ~t 

re' and DlOre dislociated frOB the abaxial Olle (FiS. 22-24). 

and lelds to the inflorescence (Fig. 3, 8. 14. 15). IlNavhlle. t:be 

abaxial cOIIIponent continues as tbe ... 11 aldrlb va.cular buIlcIl. to the 

leaf tip (Fig. 20-21). 

3.3 1 Hatur:e sterile 1ea~es bave the ldentlcal va.cular ... ta.y. but 

absolutely no adaxili b.,andle 18 pre •• nt. A single coUateral buadl. 

depart,. froea th. eteit. and continues to th. luf tip. 'l'h ••• o"'rYatlOlUl 

on the anatOllJ of IIIIture fertlle Ind st.rUe 1 ..... corroborat. dao •• 

.... d. by de CJndoUe (1890). 

, 

, , 
\ 
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c. Discussion 

'C.l. Earlier lnterpret.atlon •• 

1.1. Decatla. (1836), in •• e.blhhlDa th. ''''ly a.lviap.ac .... poille. 

out that the pOlitioa of th. inflor.lc~c. ta, '1. r6eultat ct. le .oucIure , 

d,! pUOIlcul. avec c.tte a.rwr~ (DaOYeDDe), c~ il e.t
e 
facil. d •• ' • 

... ur.r d' .pr~. le cU ... tre qu' .U. pr'.eat. Ju.qu" la place occup6e 
.. 

· . p.r 1 .. fleura'. Silllila~ly, on th. ba.i. of the v •• cular anata., of 

• 

mature fertile l.av •• Pl.-nchOll (1853) aad Duchartre (1886) .1.0 de.cribed 

the epiph~llou. iaflore.ceace of llelvllla1' a. th. procluct of cooa.t.t.al 

fu.iOll. 

1.2. As indic:ated earUer (pp. ,,-,.. ), th. re.ulta of hia 

oatoleaetic atudy of the inflor •• cence of a.lvi .... l. lecl Payer (1857b: 

Pl.-te 109, Fig. 21-24) to de.cribe lt. position a. the re.ult of 

congenital fudon in the sa ... IUnn.r a. d •• cribed for TiUa (1857.) 

Esaentblly the s ... views vere sub.equently h.ld by ltemer (1895) aad 
. 

Troll (1937), who, Uk .. Decabne, PlanchOll, .Dd Duchartre he .... tbelr 

conclu Ilona on the ev~dellc, of the va.cul.r .nat." a ... 11 •• the 

developllflnul d.t.-. V.n T1egh_'. (1891) interpretatlO1l follOlfed duat 

of Payer, es.enti.-Ily. 

1.3 •. SclaWUnD (1890) however vilorou81y .bat.i.... trc. a.crihi" 

the oatogeay ~f epiphyllou. loflore,ceDce. to cOlalen1t.al fu.iOll. 

R.eferriul to hi. ovn Itudi •• , ". d •• cribed how the po.itiOll of the 

infloresceace ia Helvlyia .nd pr.c~ic.ll, .".ry otber ca ... 'l'O.e .,. 

develo~at of an intercal.tion vhich caniecl the :iDfloruc_ce up ~ 
, ~ 

the axil. This v~ •• een a. an ontoa.etic expl.utioa of ezce,t1-or- to 

the rule th.t .11 flowera artae in lufaxUa •• nd' aothlq .,n. 

~ .r t. ..~. 

, 
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1.4. Casimir de Candolle (1890) al80 deacribed . the di.plae_lot of 
, 1 

the inflorescence frœa the axil by upgrowth witJt th. luf, in the ... er 

described by Payer and Schumann. Dowever. on the basls of IIOrphololY 

of the fertile luf prilllord1a on the apex. and oof the procallbial 

development and anata.y obs.rved in li.aited sect10aed _terial 

(Plate 1: Fig. 16; cf. Fig. 71) he clat.ed that the inflorescence aro.e 

on the le4lf base, and that lesf plus infloreacence constituted a aiqle 

phyllome, as such directly homologous to a aterile leaf. , 
1.5. Even subnquent authors who also rejected congenital fuaion 

.faUad to accept de Candolle' 8 vieva on the origin of the infloreacence. 

Schinz (1894) si..,ly agreed with Schumann, sugge.ting that de CandoUe's 

anatoraical findinga vere in fact compatible wl~ this viev. Goebel 

(1898, 1933) s~larly described the inflorescence a. ari8ina in the 

axil. .1 ts epiphyllous position vas supposed to result fra. an elo1qatioa 

of the conaon region· beneath it and the axillant leaf prt.ordl~ 

('gemeinsamen unteren Teil stark gestreckt, und nur aIs Blatt 

ausgeblldet '), much a s> he a lso descl"i bed the developMllt of the blade;' 

of the fertile leaf of PhyÙonoma. 

1.6. Velenovsky (1907) totally rejectecl de CaDCloUe's ua. of aDatc:.1cal 

and develop1lental data to resolve morphologiesl probl_. l'or hill, the 

h01DOlogy of the inflQrescence with an axUlary bud va. prewed by th. 

presence. on a fertile bud-scale. of t'VO SJaIIll Icales 011 eith.r aid. of 

the dngle flover. The.e 8uppoledly correapOllded to the tvO lateral 

, bud-scale. of a véaetative axiUal:Y bud (Fig. 17, 18, 26). 'l'hua. he 

d.scrlbed the eplphyllouà inflore.cence a. the reault of an excluaively 
. 

coocept~lt .orphological proc.ss of ''Ver.chi.bu ... " ("ctiaplac_~) of 

.... r. 1 l 

~ 

> , 

-' 
~I 
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~ 
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a reproductive axl11ary bud, defined in 8uch a way (l9lJ) a. to a 

neither anatoadCl1 nor ontosenetic description. 

1.7. !t>re rec.nt1y, MeLun and 

the P9st tion of the inflorescence of Hdvins1a a 

of a aeries of two axUhry buds "coll •• cing" vi th th. 1.af and beina 

carried up by its growth. Bugnon (1958: 54-55 • de.cribed tp' 
portion of th. fertile leaf of HeIwinsia. betw .. n the axil and the 

-= insertion of th. inflorescence 1. a "hypophylloclade ccàple:n" ~ the , 

reluIt of intercalary growth benea th the primordia of inflore.cence and 

Ixi1lant le.f. Croiz.t (1960, 1973) ha. d •• crlbed the .... situation 

in the same w.y, but ha. inltead emph •• iz.d the vay in which the 

primordia involved apparently fail to complately individualiz •• 

Melville (1962, and personal communication), has included Helwins!a 

with other ex.mples of epiphylly which he beUeves mauife.t a primitive \ 

~onophyll-like structure. ',>. 

C.2. Develop1Dent 0 f the ln terea \. ted Zone • 
. 

2'.1. The development of the reglon of the fertile luf of Selvinsia 

betveen the leaf-axil and the insertion of the inflore.cence (cf. 

"intercalation":.,Schumann, 1890; sehlnz, 1894; Goebel. 1898. 193~; 

"hypophylloé lade": Bugnon. 1958; ft interca la ted zonen ; thia .tudy) 1_ 

of considerable interest becaus. the grovth whlcb occurs there, and ln 

an.loloua regions of other structures, ha_ often been referrecl to 

("lntercalary growthu : Dugnon. 1958; Letns, et al. 1972; tlZonal Growth": 

Cou 1 ter, et al, 1910; Stebbins, 1950; Satt1er. 1974) but .eldoa de.cribad 

ln detaU. Jong (1970) ha. d •• crtbtd the behavior of very di.tinct 

intercalery •• rlstem. ln StreptOc.lrpu8. but th •• xtr_ 1oca11.at1oa and 

, ' , 
......... .. 1J ..... ~.. ... 

, -, ,. 
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babavior of ~ri.t ... ttc actlvlty inOth1. ca.e app .. r. to be exeeptioaal. 

2.2. ln Helwlaala '.ponlea thia lnterealateci zOQe con.l.t. of • ~.al, 
J 

/ 

interealary merin., and an !Geruains nUllber of ita derivatl ••• abov •• 

Its dev.lo~nt proce.d. fra. cell divi,lona ln th. int.rcal~ry .. riat .. , , 
~ , 

a urrow band of ceUa s.uller, and wlth le .. coaden .. d nuchi, th.n 

tho.e in the subjacent- shoot. thes. d1vla:Lonl are acca.pan1ed by cell 

above, whlch form the remalnder of the 1ntercala~ed zone (lla_ 3, 8. 14, 

15). Given the initiation of the inflorescence frOII a "dee.ched" 

merista (detached, havaver, from the eUIMrht ... tic- 1e.f prilDordlua, 

rather than the shoot apex. cf. Ch!yselidocerpus, p. 30) on the bas. 

of the lesf primordiua, and the deve10,.ent of the intercalary .. riat .. 

beneath both prlllOrdla, the euly devtlopaent of the fertile leaf can be 

een to be lndependent of any procesa of aaer1st_ "fuaion", in the aenae 

of "interprimordial growth". 

C.3. Interpretation of the Vaseuler Anatomy of Mature Fertlle and 

Sterile Leaves. , 
3.1. The account of fertile leaf develop_nt abcw. ia uaeful for 

underatandina the mature vascular-.nat~, and the extent to which that 

caD be a guide to the morphol08ical of situation. auch aa epiphyl1y, 

involving aa they do ahifts ln ~he posltion of initiatlOh of .tructure •• 

and intercalary growth. Prior to th. on.et of intercalary growth, durlnl 

the ~ird plastochron, the proca.bial strand of the l .. f prt.ordlua 

fo~ an arc, ahaxial to the lnflor •• cence prl.ordiua (Fig- 5, 7). JAl 
lntercalary growth occura, proca.bial differentiation to the inflore.ceDee 

tek •• place acropetally, fra. the leaf strand, "~ftly b~low the inter~ry 

/ 
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-.erlstaa. '.this diffelfelltutiOll voulcl appear to he COIltlauouS vith the 

interc:alary arc:-th. 50 tbat proallbial c01ltinuity is .Untained. 

3.2. The s1o.&1e collateral leaf trace wbi<=\, departa fra- th. stele 

(Fig. 28) correspollds ta the bIIae of the l .. f proc.ulbial stnad. belOlr 

the leaf prt.ordiUli (Fig. 7). the foranon of the oppo.ecI iIlfloreaceace 

traCe vithin the petiole base (Fig. 25-27) eorreapoads ta the differeotiatlOll 

of the inflorescence strand frca the, luf strand. ''The opposed trace. 

vhich then continue through the greater part of the petiole and aidrib 

(Fig. 24) reault froa the COfttinuecl prGCallbial dlfferenti.atioa by the 

tvo opposect strands in the- regioo of the iDtercalary Mri.st_. as the 

intercalat_ ZODe elonptes (cœpare L). '-5. ~, and Flas. 9-13). 'flle 

structure of th. infloreaceoce trace. ü.ecllately below th. inflorescence, 

r--­
and its deprture there fro. the leaf trace appears to be the result 

. 
of acropetal differentiation of the inflorescence straod avay froIa the 

leaf strand and ,toward the inflorescence apex (Fia. J, 14, 15). 

3.3. the actlvlty of the intercalary .. riat_ appear. to precede the 

l - :: 
ap~rance of .. ture vascular ~l ... nts. These do DOt seaa to evelop 

untU after the ff,f~ or a1xt:h pl •• tochroa. and tbea, in the Id ib 

.boYe the intercal.ry .aeriatea first.· 

J.4. Tbus. the .. ture vascul.r .... ta.,- of the fe,rtile luf of 

!!. Japonic:a can hi seen to he rela tad to apecUie OIltoseaetic proce •••• 

affecUng the organs involved. CoIIIparisOll of fertile leaf auto., vith 

that of sterile leave. auggeau tbIIt, in the ca •• of •• 1vinsla. the 

preseace of .. the infloresc .... ce pn..ordlua ls • dpi fic.-at factor la 

lnduc1118 additiooal v.8cu~.r dev.l:t~ Hov .. er,.a pointed ~t 
"rUer vlth regard to the~lcb.peUlaceae (pp. 26-29). the ....... cular 

~ 

• 
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anata.y vbich is aaaociated vith develo.,..nt of the epiphylloua 

inflorescence in Helvinsia may 81so ari.e in related apecies vithoUt 

auch inflorescenc •• 

Cornaceae; HetcaJfe 

(e.g. Cynoxylon nuttallii (Audub.) Schafer. 
; 

• and Chalk, 1950) or withiu the sa .. speci •• , ~veu, 

as 'ia the fertile aud, sterile leaves of Phyll~. , 

. " 

3.5. The present resul~S d~ 

anatoadc8lly or developaealtallY 

not by th.selv •• , bavever, exclude th. 

based interpretations of- epiphylUflory 

in Helvinsia vhich invoke congenital or phylogenetlc fu.ion. Havever, 

the resort to su ch processe. as explanations of present phen~na, 

eapeclaUy as th. sa.ehow "fundaaenul" e.xpl~nation se ... baside the 

point, unless actual evolutionary _chanisas could be proposed. A 

"purel'y" morphologicsl Interpreta tion such as Velenovslty' s se..u 

completely unre.l. However J the d~str.tion here of the epiphylloua 

,initiation of the inflorescence ls in agre_ent with de ~ndolle'8 . , 
findings. His proposed homology of fertile and sterile leav •• in toto 

85 • 

18 made acceptable, i~ vi ... ~<:l.~y of fertile lad pr<>ductlOQ 

at the shoot apex. 

3.6. In addition, tbe developlMnt of the fertUe lesf found her •• ho 

agrees in part vith the suggestions of Schu.ann, Schiuz, Goebel, and 

Jupon. Hovever, the descriptioa of the fertile leef .a, ia part.aa 
1 
"-

intercalation, or bypophylloclade ca.plexe raiaes the que.tion of VhetheT 

,- -
these structures are to be thought of as cOIIpletel,Y ha.ologous with leave. 

vhich do not,necesaarily involve intercalations, or beai inflore.ceDce •• 

In viev of the •• que.tion., It ........ if d. Candolle 1. 8ù .... tiou 1 • .. 
haat as weIl as aiIllPI~.t: the .t~cture. in question are l .. v~., vith 

or v1.,tllout flov.ra. Il 

.' 

• 

. ,-
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Figures 1-4: 

, 

Figure 5: 

; ;:" j ; " 

Plate XI 

• . --

Near-median lonSltudiBal sections of shoot tips &h~ing 
transit:L01l froar foraaatioll of ateril. leaf prtlDOrdia to 
formation of fèrt!l. leaf primordla. GH4 sections. Flg. 
1, 2 stained wlth Acld Fuchsld and Toluidine Blue." Flg. 
3, 4 stained,with Toluidine Blue. 

Fig. 1. (TAn 61) Sterile Leaf fonutlon in a young, ,exp.wndlng "­
shoot. At the right, the l •• f base of • young, only 
par~ially expanded leaf. Note the relative narrown •• _ 
of th. shoot apex, and in th. rib merist .. , the very 
thin transverS8 walla and uncondensed nuclel. .... ~ 

Fi~. 2. (TAD 198) Bud-scale formatldn and transition to 
inflorescence initiation. Note the br~der shoot 
apex, and the region of meri8t~tic cella (airowhead) 
on the adaxiai surface of the base of the BCAIl. 
primordium • 

Fig. 3. (TAD 198) Fertile leaf formation. LS shows develop-. 
ment of the tnitium 'G,f a lateral branch in ita axU 
(white arrowhead)., Note th. acropetal increa_e in l 

cell size and vacuolaUQn frOill the base of LS. 1 • 

Fig. 4. (TAO 198) The sam, apex as in Fi&,. 3. but to show LI 
in median section~ N~e the acropet,l pro~ambial 
differentiation. 

(TAD 156) Transverse section through a shoot tip producing 
fertile lelves, approximately 65 nm above the surface of the 
apex. X IndicatQs the position of LI' eovered by' the ba •• of the 
inflorescence of lu., Procambial cel1s (amall c~ct nuelel) 
visible 8baxi~ly ln L2 and, in ~n arc, in L3' with ~.cuol.ted 
éells between them and the inflorescence prtmordiu. on the 
adaxial side of the leaf primordium. L2 sectioned through ità 
tip. L4 and L5 sectioned below the apex of their inflore.~e1lce, 
primord!a through relatively non-merlstematic regions. L6-8 
show JlisUnct adaxia 1 procambial strands to the inflore.cence. 
Note the presence of stipules at the flanks of L6. Staiued 
with Safranin and Fast Greoen~ 

LI: the younBest leaf primordium visible on the shoot apex; L2' LJ, L4 
etc.: the suceeeding lesf primordia, which have developed for tvo, three, 
Ind four plastochrons respectively. 

J 
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Figures 6-13: 

.. .' ,,~< 
" 

". , 
/ 

" " 

Plate XII 
/, " 

./ 
De'Yelopaent of the fertile luf. FiS_ 6 sl:Alilled vith Safrsa1a , 
and Fast Green. Fig. 7-8, GHt\ secUOl1S .. sl:AliDecJ vith Toluicl1ae 
Blue. Fig. 9-13 stalnecl vitb Acid Puch_in. Fig. 9. 11-13 are 
ail at the sa .. scale. 

Fig. 6. (TAn 1:89) H.ar, .ecliaa. lougf. tudinel 8ec~oa. throup ~. 
The arrovb .. d ia.diC41tes tha inflorescence iDiu ..... 
region of aer!st_tic: c:e11e on the ad.axisl surface of 
tbe baee of the 1.sf prt.ordiua. 

Fig. 7. (TAO 198) Hear aecl1aa. longltudia.s1 eectioa. through L). 
Infloresc:ea.ce priaordiua (Infl) developia.g st the has. 
of the l .. f primordiwa. Note the narrov shell &00_ 

like cells betveen apical Mrist_ and the innores­
c:ence primordlua, here and in the prevlous figure. 
Also note the sbe.ce at this stage of pro<:allbial 

1 
deve10paent to the inflore.~eDCe pr~rdi~., 

Fig. 8. (TAO 198) Hear _adian IODsitudinel sectioO"through ~ .. 
to show developaea.t of the intercalated zone benea1:Ia,: 
tbe insertion of the inflorèsceD.ce prülordiua 00 the 
leaf pr1mordiwa. ~ sec:tiooed tangentiaUy. The 
same .. pax 88 in Fig. 3-4. Note the deve1os-nt of 
the procambia1 strand to the infloresccnc:e, a~ the 
acropetal increase in cell 8ize and vacuolation tça. 
~he base of L7 • 

. Fig. 9. (TAO 156) View of a sboot apex producill8 fertile 
leavee. Note the absence of orgaooseaetlc actlvity 
in the a,xU of ':2. 

Fig. 10. (TAO 157) Adaxial viev of L], to shaw the inflorea­
cence pr1mordi~ (InfI) at ICa 'bise. 

Fig. 11. (TAD 156) 'Adaxia1 viev of L4 fra. the s_ apex .a la 
Fig. 9, to show the inflorescence prt.orcliua ac che 
sWllDit of a short lnterealatecl zOIle. 

Fig. 12-1). (TAD 157) Adaxlal vieva ~f Ls ao4 ~. to a~ " 
further grovth of the intercalatecl z?!'-. Rote J:hat 
in thele leaves fra. a fe.ale plant the inflor •• ceaee 
conslats only of a sla.gle flover. . . 

, lnfl: Infl,orescence; rL: Indlcates the site of a rellOVeci l .. f prillord ..... 
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Plate X~l1 
l ,_ 

Figures 14-15: GKA sectiou .~ the ... apex as Fla. 3. /4'1 8, .hovina the 
devel~t of the interulateci zoo.e.- ria. 14...- •• ction 
bloc:ked vith D1atd.one 'and aUined vith PAS and Toluidine Blue. 
Fig. 15 .taio.ed vith Toluidine Blue. 

(Fi8Ures 16-18: 

\ 

Fig. 14. (~ 198) Mear -.diau section of the intercaleted 
zooe be~.en th~ apex of the inflore.cence 
prt.ordiua and the in.ertion of L5. Hote develop· 
IMIlt of the proea.bial a tread to th. inflore.cence 
pru.ordiUII. Note a180 the diatributiOd of the PAS­
positive granul~., their relative ab.ence in 
aerist ... tic cel1., and presence in more vacuoleted 
ooes. ~.g. the rib ~ri.t... LI i. at the right. 

Fig. 15. ~ 198) Detail of the intercalated zone of L7 
a. shOWll ill Fig. 8. Note the departure of tbe' 
inflorescence proeaabial s~r.nd fra. th. lesf 
strand at the bas. of the primordiua. Note alao 
the ~erop.tal increase in cell aize and vacuor.tion 
fro. the ha.e of L7. 

Developa8gt of the axl11ary bud. Fig. 16. GHl section 
stained vi'th Toluidine Blue and Acid FuchaiR-• 

. 
Fig. 17-18. Stained with Acid F~chsln. 

Fig. 16. (TAD 61) Detail of the lateral br, ch initium in 
the axil of the young leaf base .h in Pi8. 1. 
At the saae Rcale as Fig. 14-15. 

FIg. 11-18. (TAD 80) Views of the adaxial 8urface~of the 
petioles of young le.ves vhich exp.nded the year 
of collection, showing the'primordia of the two' 
bud scales, nt ewo atagea of developaent. At the 
aame scale as Fig. 10. 

~ ~ 

Figures 19-20: Hab.are fértile leaves. Un8taLned. 

Fig_ 19. 

,J 

~ Fig. 20. 

. ' 
(TAn 61) Vernating male .hoot. Hote the elu.tera 
of unopened flowera on the adaxlal aurface of the 
foliage leavas. and of the expanded bud Icale. 

(TAo 186) FetUl. fertile lesf, bearins 
infrutescence. ~ A third fi'uit h pre.ent but 
hldden by the brger of the two huit.. A-D 
.re the levela at whlch the sections in Fig. 
21-24 are taken. 
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Plat. XIV 

Flsures 21-24: ~ 1~7) V •• cular ..... tOllj of tbe II1cld.b of a fertil. l .. f. , , 
Tr.n.ver ••• ectlOil. throuma th. lÛelrib of .n ill~rut •• cenc.- J 
bea~ina luf., 

PlSUT •• 25-29: "'('lAp-189) lfpdal .... toay. 'rran.w.r, ••• CtlOll8 throup • ,t_. _ 
to ,hOii th. v •• cular cOIUlKtloll of a f.rt11. ) .. f to tb •• t.1 •• 

-

.., 

• t 

1 

Fla. n, 22. 24. 26-29 .tai .... vith D'rOlUielill.~lU. Sakai t, 
(,1973) _thocl. Fla., 23, 25 .tai_ vith Safr.1li aDCl ,.,t 
CreMl., '\ .ë 

III .U tb. fi ... l'.' , th. o.rientatloa. vith r •• pect to th. luf 
i. th. a ••• the .claxi.l ,urf.c. towarct th. top of th. pa ... 

Fia. 21. 

Fl,. 22. 

• 

S.ction of the melrlb aboY. th. 11l •• rtiOQ of th. 
in frut.ic_ce, . (lev.l A ln 'ia- 20). 

Section' of th. melrib i~i.t.ly below th. 
infrut •• cftc.' lna.rtiGD (1 ... 1 • ift Fll. ~O). Hot.' 
tb. alllOat clo.ecl~clrcul.r •• dazl.l lnUor •• caça 
tr.ce • 

Pia. 23. Sectloo melrib et 1 ... 1 c. 

Pla. 24. S.ctlon of th 
the petlole. 

.ielrib .t lev.l D, .t th •• w.1t of .. 
Flg. 25. Section of. the It_ anel petlol. of • fettll. l .. f • 

, 
.Fia. 26. 270 ID below the level of Fia. 25. 

of th. axlliary obtlCS. 

Pia. 27. 220 a. belov th. lev.l of l'1:a- 26 • 

Pii.28. 250 .. belov the 1 ... 1 of,Pl,_ 27 • .. 
Fia. 29. 300 na below the 1 •• 1 of Fra. 28. 

Hote pr ••• nee .... 

1 

-_-.. 

,/ 
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" 
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VII. CONCLUSIOlfS 

" 
In conclusion, epiphylly in and of itself is not a rare or 

unusual phenOlMnon. pI,ants diSP~ying it are tb .... lve •• ~t 

unCOllllllOn, as a rule, but the cond:l.tlon ie GIlly Olle of sev.ral vh.icb 

appear to be der:l.ved frOID the vay plants arav ~ eo.parative dewelo.-atAll 

inv.stigations of other conditions, such a8, •• a- caulif10ry VOQ1d 

.show a s:l.mlîar array of growth patterns, as already work Ob SYartzia 

1 • 

plnnata (MeLun ThOllpson, 1951), couroupita plauensls (HcLeaa 'tboIIp8Oll, 

, 1953). Theobroma cacao (Lent» 1966) and the SolallllcN. (Delo_, 1955 ~ hl" 

Shah and Patel, 1970)'has sh~. 

Likewise, outsi4e the angiosperas the condition al.o oe~rs 

repeatedly - Ginsko (Bierhorst, 1971), Cephalotaxus (Rozeran and 

" 
Grauvogel-Stamm. 1971) as weIl as' in the fems, where It, ha. beeD .tud1ed 

extensively (Goebel. '1902. 1908; McVelgh. 1937; Bierhorst, 1969, 1971, 

1973; Troop and Mickel, 1968), and i5 more likely alao to be, in .a.. 

\, respects, .' primi Uve condition (Mickel, personal C<D IDica tioo) • 
1) 

, 

Il 

In this study, in reviewing different aap.c~s of epipbyl1y in ~ 

general and in particular, the ~ollowina points have stood out: 

1) as undlitrstood, epiphylly rmges froa the _oute ••• oclattoa 
t:· 

of buda and flovers wi th leava. and bracta, to the -croecopic • . 
unqu8stJonable occurrence of whole inflorescenc •• or braDcbee 

on foliage leaves. Given thi. va~t "nae bf- scale, it" 1. ll1r.17. 
v. 

8S Burtt (personal caa..anication) has auga.steel. tbat th. U.t. 

f 

" ~ / 

8S presented, of occurrenc .. coul~ be utended ·coaaidarabl,. 

In ~arge part the ltst given bere 18 tbe eu.ulatiy. produet of 

1 .1 
several aener.ti~ns of 1IlOr. or le .. el ••• lcaU,...oriellted ... tena 

i 
.~ 

'~ 
. ."J 
~ 

"i! 
~. 

,:~ 

.i 

... 

o , '.il . 
. ' ' . ' 

~ ... ~;;.~'"'" ~ ~~ '\r~~'~ 
-:~~ .. :';;" .-';}- :::;:.., .... -·.;.i:w,u.:iMt5WkMîM 
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lIlorphololilU remar'k1nl on "unulual" litution8. ' 

2) Bovev.r, lt .ppears that th. aaata.icai Charactertstlc., and 

dev.lop.ental proc ••••• a.sociat.d vith .plphylly are in fact 

not uau.u,al, but rather, th ..... old .arpboleDetlc proc ..... 

tbat are perhap. tOo r.adily pisson-holed aa to their 1tt)'pical" 

occurrence. 

2.a. Procll ..... uch •• iDt.rcalary or &~l growth, discu •• ad 

caneening !. Japonica, cl.arly a ffect the external 

IIlOrphology and internaI differ.o.tiation of • vide raqe of 

aituations. 'Th. occurrence of •• defined !ntercalary 

sarist ... a. Jong ha. d..on.trated in Stre!tocarpu., and 

the asaociated radical reorganization of the plantes 

grovth habIt is probably exceptional. The discu •• ion 
, 

of the unifoliate Gasneriaceae here proceed. principally 

from traditioo., as weil a. fra. io.terest in th. r ... rkable 

Info~tlon available for sa.. of th .. nov (Jons. 1970; 

cf. HaIlé and ~lmottet 1973). In fact, Jong'. devel~.t 

of the phyllOllOrph concept sUIse.te very .tronlly that here 

"l.a~ •• " in th. cOIIIIIOIlly accepted .e •• e, a. uaed in thi. 

~1' Itudy, are Dot b\volved. aGd that tb. plant .... inaceact 

evolved n.., orpn. (1 ••• old orsan. for vb1ch v .... t ct ... lop 
, 

new concepte) wblcb coablae characterl.Clcl of "shoot" aad 

"leat" • 

2.b~ The .hlftlna of the site of 1nflore.ceaee or lateral .ra8Ch 

inltlatioa onto the pri.ordla of leav •• p.rbap. i. 1 ... r but doubtl.,. occur. lIOn vidlly tIma l, b ... 78t. 1 • 

, 
" 



• 

• 

3) 8e.1d •• a. a .u~l ••• of ve •• tativ. reproduction, ~plpb111y 

do.. not appe.r ta ba abl. ta b. undar.tood y.t al occurrlna 

a. a re.pon.. ta natural •• laction. In.taad, it ..... probabla 

that tha condition, whara lt oeeur., raproduc •• adaptation. or 

88 • 

func~lon. found .ll.whare al thl reluit of more eommon d ... lo,.aatal 

p.tttrn.. St. Hil.ire" (1840) cl ••• illeation of aptpbylly a. 

a type of padunculation •• eœ. quite r.a.onabla. 

·4) F1nally, eplphylly 1. in.truetlve of th. tendaney ln cl ••• lcal 

compan.Uve IDOrphololY d.crled by Schumann (1890): 'I.t irlead 

ein Pro •••• h.ute re.ll nieht vor.t,llb.r, .0 wlrd sr doeh 

dadurch der Wirk1ichk.it nicht d~her ,.bracht, da •• er tn 

phylogenatl.ch.m Sinne aufaafa •• t wlrd, d.h. d •••• aln Veriauf 

in irg.nd elne Verg.n8e~~eit zurückvera.tzt wlrd. Sind di. 

VerechiebuD88n heute niche m~8ltch, 10 haben .i. f~.r Auch 

nlcht .tattfinden ~dnnen'. In vlew of the coutinulna ontos.a.tic 

research carriad on in plant~J and the .n.ly ••• of consanit.l 

fusion luch as that of'Jardtne (1969), lt 1. hard to undaracand 
1 

why luth a proco88 continue. to be lnvoked, ocher than ta .upply 

metaphyalcal .ea.oning. Relnterpretation of concept. of th. 

shoot, liko SaÙler' 8, as wall ., work lib that of Jons. ~. 

ne.ded to hasen tpe need for luch "congenital" 'proc ••••• (but 

cf. Kaplan, 1971), •• well a. tarml lUt. "advè~it1ou." •• tc. 

(see pp; 67-68) aad ~k. lt po •• ib1. to appr.ciat. 1 ..... a •• ell 

a. other orsan., a. they are, "fertU." 1n the Goathun •• ue, 

or note 
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