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PROLOGUE 

Throughout the history or Plant Science, the Angio

eperm flower has provided botanists with one or their 

most intriguing structural entities. The number or 
theories which have been a dvanced to ac count for the 

origin or the flower and ror the nature of i t s  component 

appendage s are multitudinous and in large part unproven. 

In 1960 the Briti sh botanist Melville propo unded a new 

theory, the Oonophyll theory, and thi s has excited con

si derable interest among floral morphologist s .  The ba si c 

tenets of Melv i lle ' s i nt e rpretat ion were based on the 

course taken by vascular bundles , and in an arena st i ll 

b edevi lled by confli cting opinion , the lucid presentation 

of the Gonophyll theory carried some convict i on .  

The present writer was at the time pu rsuing an 

interest in the development of the patterns di splayed by 

va scular t i ssue in vegetative shoots and did in fact 

demonstrate an instance in whi ch there was consi derab le 

change in va scular pattern during the period of primary 

t race development ( Ski pworth 1962). In addi tion ,  Tepfer 
(1953) had re�orted an instance whe re some a lteration in 

vas culature of a ferti le shoot did take  place during the 

time between anthesis and fruit maturity. From these two 

reports emanated the suspi cion that when they first appear ,  

the strands compri sing the v scular system or flowers 

may not display the relationships apparent at floral 

maturity. 

The aims or the present inquiry therefore became 

twof'old. 

1. An appraisal of some or Me lville's ob servations 

and if necessar7 a reevaluation or hi s theory .  

2 .  The testing of' a hypothesi s that vascular 

i i .  



systems of flowers are no t the s ame a s  those revealed 

during floral ontogeny. 

Clearly a crit ique of the Gonophyll theory might 

become especially pertinent if changes in vascular 

pattern prior to anthesis oould be demonstrated .  

It appeared c lea r that these aims could most sat i s

factorily b e attai ned if t he inquiry were based on the 

apocarpoua flowe rs of the Ranales. This group contains 

the families from which Melville had pro cured much of 

hi s basi c information , and the apparent simplicity of 

the flowers suggested tha t they m i ght also be an appro

priate group in which t o  investigate early stages of 

va scular development. 

The Ma�aoliaceae, the family whose memb ers possess 

flowers which wdre interpreted b y  Melvi lle as providing 

a link with t he gymnospermoue Gnet um be came an obv i o u s  

starting point. From he re the i nquiry led to Gnetum 

i t self' and to the Wint era oeae , an Angiosperm family 

usually supposed to be related to the Magnoliaceae but 

to be even more primit i ve. Magnoliaceous flowers po sse s s  

a cort i c al vascular system, a feature not unknown else

where but co nspi cuously and very regular ly developed in 

the vege tat i ve stem i n  another family suspected ot 

Magnoliaceous affini ty ,  the Calycanthac eae. Floral vasc

ulature of this family was therefore investi gated. 

Another of the cornerstones of the Gonophyll theory 

was provided by flowers of the Ranunculaceae , the two 

carpel types in the family, aohene and follicle , being 

held by Melville to be of quite different origin. The 

ancestry of these was moreover viewed as involving 

eequenoe s quite different from those envi saged by the 

vast majority of' theorists . Because Melville used these 

two basic entities as building blocks for various types 

of' ayncarpous gynoecia, the more positive establishment 
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of their identity seemed of paramount importance in any 

critique of his theory. 

Despite the attention that over the years has been 

foousse d on certain of the taxa involved in the present 

inquiry, there are many intrinsic&lly interesting features 

which have not been accounted for in the lite rature. 

Where the investigation of these did not involve a sub

stantial digression from the main course of the project -

as for example the phyllotaxis of floral phyllomea which 

might be expected in any case to have a bearing on final 

conclusions - their description has been included in the 

t ext. 
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INTRODUCTION 



1. AIMS 

Reference to the development of the objectives of 

the present inquiry has been made in the prologue to this 

thesis. The moat fundamental of these may at this juncture 

be briefly restated as the testing of significant elements 

of Melville'a Gonophyll theory. It is clear from Melville's 

writings that the most basic of the evidence pertaining 

to the theory is drawn from floral vasculature of various 

Ranalean species, especially certain among two families, 

the Magnoliaceae and the Ranunculaceae. Melville evidently 

considered flowers at about the time of anthesis although 

there seems no reason why deductions from vascular anatomy 

should be any more meaningful or reliable at this partic

u1ar stage than at any other. Indeed as Sporne (1958), 

Corner (1963), and others have indicated, it is the fruit 

rather than the flower which should be considered as the 

mature structure. In the present investigation stress 

will be laid where possible on the development of the 

vascular system of the reproductive shoot from the time 

ot its first appearance through to fruit maturation. It 

soon became evident that interrelationships between com

ponents of the vascu1ar system can be seen with especial 

clarity prior to the opening of the flower, mainly 

because during these earlier stages there is little or 

no secondary development of conducting elements. Descript

ion of the development of floral vascular systems appears 

to be something which has rarely been attempted and it 

seemed reasonable to regard such description as a second

ary aim in the present work. 



2 .  METHODS 

In order to appraise the Gonophyll theory it was of 

course essential to investigate the coursesof vascular 

bundles and there are essentially two methods by which 

this may be done. The first is by examining serial sect

ions of a suspected significant stage of development and 

the second by clearing flowers and observing, usually at 

rather lower magnifications, the whole of a floral vasc

ular system. Both methods were used although the type of 

evidence required could in most cases be obtained more 

quickly, and was probably more reliable, if procured by the 

latter method. Serial transverse sections were prepared 

by the standard technique of paraffin embedding, section

ing and staining with satranin and fast green (Johansen 

1 940). Clearing of buds, flowers and fruits proved a more 

difficult proposition. Canright (1 960) and Tucker (1 961 ) 

have evidently met with success using 6% sodium hydroxide 

but it was considered that a method providing greater 

clarity was desirable in the present instances. The method 

used by Sporne (1 948) was tried without absolute success, 
then finally a modification of a method suggested by 

Bersier and Bocquet (1960) was developed and used. The 

modified method consists of placing the required append

age or shoot in a solution of equal parts of lactic acid, 

phenolic acid and chloral hydras and holding at 1 00°0. 

In most cases the operation was performed in a small watch 

glass which could be covered thereby eliminating evapor

ational loss of the presumably differentially volatile 

fluid components. Fresh, or to a lesser extent preserved 

tissue was usually clear within 24 hours although dried 

material required much longer periods and several changes 

ot clearing fluid. Dried material was sometimes initially 

bleached in dilute sodium hypochlorite and while this did 



induce more rapid and more complete clearing, it did 

greatly increase the fragility or the material. After 

clearing, the objects were stored, usually without removal 

rrom the watch glass, in pure lactic acid. This thererore 

involved a minimum of manipulation and consequent risk 

of damage especially as the material could be examined 

by stereo microscope without transferring to another 

vessel. A staining technique recommended by Morley (1949) 

and other lignin stains were initially employed but it 

was found that they were not usually necessary. Alteration 

of the angle or the microscope mirror during observation 

resulted in differential absorption and reflection of the 

transmitted light by the thickened xylem cells, and at 

certain mirror positions the vascular system could be 

seen with remarkable clarity. Prior to clearing, most of 

the shoots examined were slit in half longitudinally 

because a much clearer picture of the vascular pattern 

was usually visible from "inside" the shoot - presumably 

because if examined from the outside, a much greater 

density of primary tissues would be likely to partially 

obscure xylem elements. 

Photographs ot cleared flowers were taken and some 

of these are included among the illustrations accompanying 

the present account. Their taking presented difficulties. 

That ot acquiring eTen lighting and particularly that of 

obtaining sufficient depth of field were substantial 

problems. However, no reports are known where such photo

graphs of flowers haTe been published and even photographs 

of cleared appendages ( e.g. carpels of Michelia by 

Tucker 196�·) suggest that the difficulties encountered 

in the preparation ot photographs tor this thesis are very 

real. It might ultimately be possible to present stereo 

microphotograph& although thia would require highly soph

isticated optical equipment the like of which seems not 

4 • . 



available in New Zealand. 

Several of the drawings included among the illust

rations also require explanation. The preparation of 

those which depict whole vascular systems in flowers 

has presented difficulties not inherent in representations 

of stems where all parts of a shoot in a given region are 

of approximately the same diameter. The apex of the floral 

shoot is often conical, hemispherical or even concave and 

even in the first two of these cases it seems impossible 

to present in two dimensions an accurate picture by the 

slitting and opening technique, and in the third case 

surely only a three dimensional model could adequately 

illustrate proportions. The whole situation is of course 

further complicated in those flowers where there are in 

fact two essentially concentric but interrelated vascular 

systems. The apical projection technique provides pict-

ures no less distorted in which horizontal levels are 

difficult to appreciate, and drawings of which become 

impracticably large in those cases where dozens of inter

nodes need to be represented. Most of the drawings of 

vasc�lar systems of whole or halt flowers were finally 

compiled according to the slitting and opening technique 

the receptacle being assumed to be of the same diameter 

throughout its total length. These drawings may there

fore be said to have involved what approximates to a 

Mercator's projection. A�en this representation would 

not solve the problem presented by the concave receptacle 

although fortunately whole flower representations ot this 

type were not finally deemed necessary. 

5. 



3• MATERIALS 

Because critical developmental stages are often 

transitory it was felt desirable to procure living 
material at all stages in some abundance. Fortunately 

many of the species dealt with were found growing at 

Massey University and others were obtainable in or near 

Palmerston North. In some instances preserved or dried 

material had to be resorted to and in this there was 

sometimes a paucity of appropriate vital stages. Accord

ingly, evidence pertaining to a few of the species 

mentioned must be regarded as incomplete although it 

would seem that only good luck would, in the absence of 

abundant living material, provide the investigator with 

a complete picture of the development of floral vasc

ulature. 

6. 



4. TERMINOLOGY 

A lthough i t  is not p ropo sed to enter a di scussion 

of priori ti e s  of names whi ch should be appli ed to various 

structures and features, it does seem necessa ry to cla rify 

some of the t e rms which will be used. Examination of 

pub li shed a ccoun t s  reveals  that  in several instances 

which are pertinent to the present ihvestigation ,  the 

one feature ha s been described by different authors under 

different names. In compiling the present account , an 

attempt ha s been made to choose terms whi ch seem mo st 

suitable , and to be con si stent in their use . 

The term .. strand" o r  "vascular strand" i s  applied 

to the strandlike aggregations or xylem and ph loem cells 

which are parallel to the axi s .  These may well be va sc

ular bundles although the term •'bundle", whi ch seems 

properly to apply to aggregations of primary xylem and 

phloem , would not embrace all va scular tract s in a ferti le 

shoot . Except where it  is clear that only primary t i s sue 

i s  involved  (and only a transverse section can determine 

thi s with certa inty in many ca ses) the term •'bundle .. or  

11vascular bundle" i s  avoide d. The expre ssion ntrace" or  

ttva scular tracen i s  applied to the continuation or branch 

of a strand whi ch ha s clea rly ceased to b e  pa rallel to 

the axi s  and i s  passing to an appendage of foliar nature 
( including stamens and carpels ) .  

Several o f  the specie s  examined have well developed 

cortica l  va scular systems. One of the early workers on 

such g roups  wa s worsdell (1908) who in fact referred to 

"medullaryn and "co rtical" steles although more recent 

writers ( Smith 1 928, Canright 1960, Tucker 1961, Balfour 

and Philipson 1962) have wri tten in terms of a single 

normal stele plus a cortical system of bundles ,  strand s 

or  traces and i t  i s  in thi s latter fashion that t racheal 



elements in the cortex will be regarded in this account. 

The term "tepaltt is evidently most appropriately 

used to designate a perianth member in cases where sepals 

and petals are not distinct. It will be used in this 

sense. 
Because it is debatable whether a flower can be 

considered to be a mature structure (or whether it rep

resents rather a stage in maturation of the fruit) the 

term"floral maturity" will be avoided. "At anthesis" 

appears to define more precisely the stage usually im

plied by "floral maturity " and in t'act considerable use 

will be made of the former term. 

The terms "torus" and "receptacle'' have at various 

times been applied to the same structure. Torus was used 

by some earlier morphologists (e. g. Goebel 1887) although 

its widespread current useage in descriptions of walls of 

tracheal elements has perhaps led to its partial replace

ment by "receptacle" in most modern literature. Recept

acle will be used in this account. 

The anatomical term "midvein" is preferred to the 

more morphological "midrib. " In carpels "dorsal vein" 

and "ventral vein" are used instead of their pretsumed 

leaf counterparts ''midvein" and"lateral vein. " This is 

partly out of deference to the opponents of the theory of 

equivalence or appendages and partly because it is descript

ively more precise if positions of veins are to be con

sidered. 

Importance will be placed on the Yascular pattern 

when vascular tissue tirst appears in cleared preparations. 

It is realised that prior to this stage it might be 

possible to reconstruct a pattern provided tor example 

by procambial strands although this, which could only be 

compiled through serial sections, would be very time 

consuming and there 1s no reason to suspect that it would 

8. 



be especially rewarding. Unless positively indicated 

otherwise udifferentiation'' or "maturation" are terms 

used throughout this account to describe the stage at 

which vascular tissue becomes visible in cleared prepar

ations. 



PART TWO 

THE MAGNOLIACEOUS FLOWER 

Chapter II Magnoliaceae 

Chapter III Gnetum 

Chapter IV Winteraceae 

Chapter V Calycanthaceae 



II MAGNOLIACEAE 

1. INTRODUC'riON 

Not all, but the majority of Angiosperm taxonomists 

regard the Magnoliaceae as a primitive family, at least 

one in fact (Hutchinson 1959) ranking it as the most 

primitive ot all. Probably the large st and best known 

woody Ranalean group, its alleged primitiveness rests 

primarily on the tact that flower parts are spiralled and 

that there is virtually no evidence of fusion. Features 

such as the elongated receptacle and l aminar stamens with 

adaxial sporangia lend the notion support, and in addition 

several authors (e.g. Hallier 1905, Arber and Parkin 1907, 

Melville 1960) have alleged resemblances with •arioue 

Gymnosperm groups. Nevertheless the wood is of a compar

atively advanced type ( McLaughlin 1933), while the exist

ence of both e stele and a cortical vascular system in 

the flower and the associated complex vasculeture of 

floral appendages, provides characters of singular dis

tinction. Older accounts included in the Magnoli ceae 

Cercidiphyllum, Euptelea, Trochodendron, Sch1zandra, 

Illicium and even the Winteraceae although now it is more 

usual to regard each as comprising a distinct ramily . 

The cytological findings ot Whitaker { 1933) and the morph

ological evidence presented by Bailey, Mast and Smith (1943) 

have, in supporting this notion, provided the suggestion 

that the gnoliaceae ( sensu stricto) are rather isolated 

trom the others. Nast (1944) reached the conclusion that 

some other tamilies, particularly the Winteraoeae, were 

more primitive. 

In hie circumscription ot the tamily, Dandy (1927) 

who supported the narrower view, delimited nine genera 

11. 



and these seem to constitute a natural and in mo st 

respect s uniform group although Dandy did place Li rio

dendron alone in a second tribe. Canright (1 952 , 1 960) , 

who split one of Dandy ' s genera and therefore treated 

ten,  provided convincing evidence of evolutionary trends 

within the fami ly and these suggest that !mgnol�a and 

Mi chelia are in mo st respect s the more primitive members , 

while Liriodendron i s  relatively advanced. 

Most facets of the general morphology of the Mag

noliaceae have already been inve sti gated,  the seri e s  of 

papers by Canright (1 952 , 1 953 , 1955 , 1 960) supplement

ing earlier work and providing pre sent day botani sts 

with as complete an outline as for mo st Angiosperm 

families. Few account s  however relate specifi cally to 

floral vasculature. The treat i se of Ozenda (1949) 

emb races much mo re than the Magnoliaceae and i s  lacking 

in  some signifi cant details although to a considerable 

extent Canright's more preci se repo rt s  rectify defi c

i encies.  Canright's papers on stamen and carpel vasc

ulature refer particularly to vasculature within the 

appendages rather than to vasculature of the whole flower ,  
the fashion i n  whi ch bundles originate, o r  the relation-

ship they bear to each other. Melvi lle ( 1 963) certainly 

has treated the floral vascular system as a whole although 

hi s descriptions and hi s figures are too bri ef to be of 

critical value. Moreover he too seemed concerned only 

with vasculature at anthesi s.  The reports of  Holm {1 909) , 

Skvortzova {1958) and Tucker (1961) make only passing 

reference to vas cular systems , and their accounts are in 

any case ba sed only on one specie s. Ozenda {1 947) treat

ed several  species of M!s�olia from the point of view of 

the i r  va scular systems although the e ssential features 

were embodied in hi s 1949 treati se . 

1 2 . 



Knowledge seemed especially lacking in the general 

area of development of floral vascular systems in the 

fami ly unti l information pertaining to thi s was provided 

by Skipworth and Philipson (196$) . Their sugge stion was 

that when the vascular system first appears in the floral 

bud it is rather different from that revealed at anthe sis.  

A generali zed picture of the vascular system of the Mag

noliaceous flower when that system first appears was 

presented and the present chapter embodies much of the 

ground work for that paper. 

Publ i shed work makes i t  clear that flowers of all 

members of the Magnoliaoeae ( s . s. ) have in addition to 

the normal stele , a well developed system of cortical 

strands. Evidently this cortical system does not extend 

below the flower into vegetative regions. Clearly branches 

from both systems run regularly to each carpel and 

probably to each perianth member although such may not 

be the ease with stamens. Melvi lle (1 960, 1963) has 

i nterpreted this flower as a composite structure (fig . 2. 1). 

He believed that the cortical system in the region of the 

lower tepals, bracts and upper leaves was derived from 

upward branches of each of the two lateral traces of upper 

foliage leaves .  That i s, the se leaves were regarded as 

sterili zed gonophylls whi ch retained part of their fertile 

branch systems "adnate to and fused with the stem" with 

each branch joi ned to a lateral trace of a higher append

age . He believed that stamens were borne on branches 

whi ch have arisen on or in the axi le of upper perianth 

members. Theae branches , whi ch are linked to the cortical 

system of the region of the tepals below them, comprise 

the corti cal system in the androeoial portion of the axis. 

Above the stamens, each carpel is regarded as receiving 

its midvein and ovular supplies from the stele while the 

cortical system in this region is b elieTed again to oon-
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sist of "sterilized ovu.liferous branches" linked together 

vertically and joined below to upper extensions of the 

cortical system of the androecial regi on. Because Melville 

apparently altered his interpretations between the writ

ing of his respective papers, the summary presented here 

may in fact be too brief to do his theory j us tice . How

ever, a more detailed appraisal ca n mo re appropriately 

be included in the discussion at the end of this chapter. 

At all eve nts, the Magnoliaceous flower cons i dere d  

in this light, is seen b y  Melville a s  a rela tive ly prim

itive structure and this of course is by no means a novel 

idea. Whether it really strengthens Parkin's theory �f 

the anthostrobilus ( Pa rkin 1 923) as Melville claims, or 

whether there has been established real similarity with 

Gnetum, thereby providing ••at last evidence to link the 

Dicotyledons with the Gymnosperms through their reproduct

ive organs" is deba table. Melville ' s observations , which 

in fact do not allign ab solutely with those of Ozenda or 

of Canright, do require substantiation and a critical 

appraisal of the Go nophyll theory in so far as it applies 

to the flowers of the Mag noliac eae became therefore an 

important facet of the present investigatio n. 
None of the ten genera of the Magnoliaceae ( s.s. ) 

are native to New Zealand although cultivated specie s 

from three of them were available in Palmeraton North. 

Several species of Magnolia (M. soulang1ana, M. gr�

flora, M. campbell1 and M. stellata), two of Michelia 

(M. tusoat and M. doltzopa) and Liriodendron tulipifera 

were initially obtained, Magnolia stellata, Michelia 

fusoata and Lir1odendron tulipitera finally being subject

ed to detailed examination. Supposedly primitive as well 

a advanced members of the family were therefore treated. 

The aspects of especial interest were the development of 

the tloral Tasoular system and an appraisal of MelTille'a 
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interpretations and deductions. 



2 • MICHELIA FUSCATA 

i. Introduction 

Michelia fusoata is a small attractively 

flowered tree with the propensity in Palmerston North tor 

producing flowers all the year round. Leaves are ot oval 

outline, 4-10om. long, glabrous, dark green and shining, 

and as is the case throughout the family they are simple 

and alternate. Associated with them are large deciduous 

stipules - another family characteristic. The white or 

pale green, pink tinged flowers when open measure 2-4cm. 

across. These flowers are borne singly in an axillary 

position. 

ii. Anatomy ot Vegetative Stem 

There are few unusual features concerning 

the arrangement of tissues in the stem. Prior to second

ary thickening, from 30 to 40 bundles of normal type and 

orientation comprise the eustele. Even before the mete

xylem has fully differentiated, areas of sclerenchyma 

appear these becoming particularly prominent as a ''cap" 

outside each bundle. Aggregation& of stone cells are at 

all stages prominent in parenchyma, most especially in 

the pith. Less than 1mm. below each node one strand 

departs from the others, runs through the cortex and 

divides several times to produce the traces of the stip

ules. At this aame level two other strands depart sep

arately from the stele and run almost horizontally in the 

cortex to provide lateral veins in the petiole. The 

midvein of the leaf originates fractionally higher and 

commonly divides into three aa it passes through the 
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cortex. Nodes are therefore multilacunar - another 

family character ( Sinnott 1914). 
Secondary tissue appears in normal fashion. Many 

of the phloem cells become extensively sclerified soon 

after they arise and phloem always contains prominent 

aggregation& of stone cells. Phellogen appears in the 

outer two or three cell layers of the cortex. 

iii. General Floral Morphology 

At anthesis the scar of a bracteole is clearly 

visible about half way up the abaxial side of the pedicel 

which is about 2cm. in length. Before the flower burets 

it is enclosed by the stipules associated with this braet

eole after the fashion that stipules typically enclose 

all buds in this family. The braoteole itself is essent

ially foliar. A second very small bracteole sometimes 

found opposite the larger one is also enclosed by the 

stipule. The flower usually has six perianth members and 

an indefinite number of both stamens and carpels. Floral 

appendages are clearly spirally arranged. At maturity 

the gynoecium is markedly stipitate although most of the 

length of the gynoecial stalk (about one cm. at anthesis ) 
is acquired during rapid elongation of the single inter

node between lowermoet carpel and uppermost stamen after 

the flower has opened. In outline the tepals, each ot 

which is trom one to two cm. long, are usually ovate 

although the uppermost may be very narrowly so. St�mens 

are narrowly oblanceolate, anther lobes being borne 

laterally. The aonneoti ve is broad and extends beyond 

the anther. Carpels are unilocular, biovular, tree and 

densely packed. The stigmatic surface is apparently 

confined to the distal extremity of the ventral margins 

and at antheais these margins are completely tused. Near 

the base ot each carpel the ventral aurtaoe is tuaed with 



the receptacle. Some or the upper stamens are frequently 

carpelloid even to the extent of their bearing ovules on 

the exposed adaxial surface (fig. 2.2). 

iv. Vasculature ot the Mature Flower 

a. Pedicel 

At the base of the pedicel 20-25 normally 

oriented vascular bundles can be seen in a transverse 

section. Shortly above this level five or six of the 

bundles begin to run obliquely out into the cortex, and 

immediately below the bracteole these bundles would clearly 

be described as cortical. Very rarely do any of the 

bundles in this region bifurcate and all maintain straight, 

approximately parallel courses. The vasculature of the 

bracteolar node is somewhat variable. Either one of the 

cortical bundles does bifurcate, or two ultimately com

prise the pair of lateral traces of the bracteole. The 

bracteolar midvein comes from the stele, and the three 

traces to a bracteole are in very close association or 

are even temporarily fused in the cortex prior to their 

subsequent separation in the base of the appendage (fig. 

2.3). One or sometimes two strands arise near this point 

and continue to ascend the pedicel as cortical strands. 

ot the other cortical strands below the bracteole, one 

passes into the stipule recalling the situation in leaves 

(Ozenda 1949, Canright 1955), and the remainder, usually 

two or three, continue as strands in the upper· part of 

the pedicel. Sometimes the stipule trace provides a 

branch which continues to ascend as a cortical strand . 

The bud in the axil of the bracteole, which apparently 

never develops further, receives its vascularization 

directly from the stele. 

Immediately above the node, some of the stelar 

strands divide radially and coamence to run diagonally 
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through the cortex shortly to become recogni sable a s  

cortical strands.  For the greater part of the di stance 
between bracteole and perianth therefore , the pedi cel 

contains 20-25 straight , parallel strands compri sing its  

stele and five o r  six similar strands , its  cortical va sc

ular system . Some of these latter strands are direct 

c ontinuations of cortical strands below the b racteole and 

o thers have ari sen from the stele immediately above the 

node . In addition some are ascending branches from bract

eole and stipule traces. 

b. Perianth 

The origin of the va scrulature of the tepals 

i s  much more ob scure than that of the b racteole . Thi s i s  

largely because shortly below the level o f  insertion of 

lower tepals the strands of the cortical system ana stomo se 

to produce a seemingly irregular reticulation. From thi s 

however three t races usually enter each of the lower three 

t epals and in these the lateral traces in parti cular 

b ifurcate severa l  times near the base to produce the 

major veins. Occasionally the midvein of one of these 

lower tepals may ari se in the stele , the strands of which 

at thi s level also tend to anastomose. Whether a t race 

ha s come from stelar or cortical system , it could be 

regarded as a b ranch from another which cont inues to 

a scend as part of the cortical system . The three higher 

t epals receive their vascular supply in a comparable 

rashion. A pai r  of traces from the cortical system seem 

a lways to provide lateral veins although the midvein in 

most cases originate s  in the stelar complex. As it 

passes through the cortical system this latter trace pro

duces one or perhaps two short branches whi ch join strands 

of the cortical system (tig . 2.4). 

c. Androecium 

Above the insertion of tepals , strands of both 



atelar and cortical systems resume more or less straight 

courses as they ascend the axis although there is some 

degree of reticulation in both systems. There are between 

five and eight strands in the cortical system and 15-20 

in the stele. Almost all stamens receive one trace 

which originates as a branch either of a cortical or of 

a stelar strand, or is an entire stelar strand. In the 

two latter cases, as the strand passes through the cortex 

as a stamen trace it produces an ascending branch which 

becomes part of the cortical system (fig. 2.5). Through

out the androeoial portion of the floral axis there is 

some multiplication of strands in the etelar system 

although evidently this only compensates for those lost 

to stamens and the cortical system . At the level of the 

upper stamens there are usually 12-15 strands in the 

stelar system and, because of the supplementation from 

the stelar system, a similar number in the cortical 

system. Occasionally one or two of the upper stamens 

receive three traces in which case the midvein comes from 

the stelar system and the laterals trom the cortical 

system (fig. 2.5). As in other cases where a trace from 

the stelar system runs to a stamen, these potential mid

veins also produce one or sometimes two branches which 

continue to ascend as part of the cortical system. 

d. Gynoeci um 

Oanright (1960) has reported on a study of 

carpel vasculature in repre entatives ot all genera in 

the tamily although IU.ch lia (llscata is treated only 

very briefly. In tact, in�the stipe there ia as elsewhere 

a system of cortical strands as well as the normal stele 
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and these are the direct continuation ot the vascular tissue 

in the androecial region. These 12-15 strands in each 

system continue with some reticulation in the lower third 

of the gynoeoial region of the axis although more termin-



ally on the shoot the number of strands particularly in 

the stele decreases. 
Each carpel receives three traces. In all except 

the upper eight to twelve carpels the strand which 

becomes the dorsal trace departs from the stele as a 

branch which arises about or just below the level of the 

base of the carpel to whose vasculature it contributes. 

In the terminal carpels the dorsal trace is an entire 

stelar strand. In either case this trace, which is 

called the "stelar bundle'' by Canright, ascends obliquely 

through the cortex and near the level of the top of the 

insertion of the appropriate carpel it passes between two 

cortical strands.  At this point it bifurcates, the 

larger of the two branches so produced descending to pro

vide the dorsal vein of the carpel and the smaller ( the 

"ascending stelar bundle " of Canright ) running up parallel 

to the axis. This latter branch itself shortly bifurcates 

and each of the two portions contributes to one of the 
two ventral veins in the carpel. Although the ventral 

carpellary veins are formed partly from branches whose 

origin has therefore been in the atele, each also receives 

a rather stronger component from adjacent, but at the 

particular l evel ,  quite independent cortical strands 

(fig. 2 . 6 ) .  

There is some variation to this general pattern. 

Firstly while it is usual for the two branches of the 

ascending stelar bundle to fuse with branches fro m  the 

cort i cal system to make up ventral strands, these ascend

ing stelar branches sometimes fuse directly with the 

cortical strands, either just above or just belo the 

departure of the branches  to carpellary ventrals. 

Secondly terminal carpels are occasionally Tasculari zed 

enti rely from the stelar system. Thirdly the supply 

from the corti cal system to carpellary ventr la involves ,  
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i n  the ca se of so me of the hi ghe r  carpe l s , the who le of a 

st rand with no b ranch cont inuing up in the c o r t i ca l  sys t e m .  

And fourthly (as po inted out b y  Canright fo r the who le 

genus ) there i s  consi de rabl e variation in the a mount of 

» di p "  of the do rsa l t ra ce . 

Although there i s  some sub-divi sion of s t rands in 

the stele thi s do e s  not keep pa ce wi t h  the pro v i s i on of 

oa rpellary mi dveins and the numbe r  of stela r  s t rands falls ,  

e spe c i a l ly a s  the uppe r po rt i on of the axi s i s  a sc ended. 

The uppermo s t  carpe l s a r e  i n  fa c t  va sculari zed by the 

three o r  four strands whi ch rema i n  in the s t el e  i mmed

i a t e ly b elow them. The course taken by corti ca l  bund l e s  

could fa i rly be de scrib ed a s  undula t i ng ,  adj a c ent strands 

b e i ng c lo s e s t  togethe r  near the depa rture of vent ra l 

t ra c e s  t o  a carpe l . The depa rture o f  whole c o rt i ca l  

strands t o  oarpellary vent rals , whi ch frequently o c c ur s  

w i th s o me of the upper carpel s  however ,  resu lt s in a 

reduc t i on i n  numb er of s t rands in the c o rt i ca l  system -

some t i me s  to non-exi stence at the level of the ult i ma t e  

o r  penul ti ma t e  carpel .  

v .  Va scular Development ( f i g .  2 . 7 )  

The f i rst va scular t i s sue to appe a r  above the 

b ra c t  i s  the trace s in the lower tepala and the strand s 

of the cort i cal system with which the se are continuous . 

Conducting e lement s then appear in hi gher t epals and 

later maturing extensions of these compri se co rt i cal 

st rands whi ch join with tho se running to lower tepa l s .  

Thi s  junction ma y  be di rect but it i s  more commonly t o  a 

ring of va scular tissue which characteri stically a ri se s 

at  thi s stage between cortical strands near the leYe l  ot 

inserti on of lower tepals.  Whether thi s ring i s  i t self 

formed by the strands extending down from the upper tepals 

or whether it  is a n  independent structure i s  not deter-
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mined. The supplies of these upper tepals also t end to 

be i nterconnected by a ring of vascular t i ssue and thi s 

appears at t he same ti me as vascular tissue i s  appearing 

in the lowermost stamen s .  Agai n  i t  does not seem poss

ible to dec i de whether or not the ring is in fact formed 

by the bases of the stamen t race s  or is an ent i ty wi thout 

these. Va scular tissue seems to f i rst become visible at 

the base of each stamen and from here matures downwa rds 

to form the corti cal system in thi s  port ion of the �lower , 

and in the other direction t o  form the vasculature wi thin 

the stamen. I t  will be noted that the true stele of the 

adult flower is not yet present although this soon begins 

to appear - at the same ti me in tact as traces in upper 

stamens and the corti cal system wi th which these are 

associated . At first the stele consi sts of a few (6-12) 

strands only , each one of which terminates ei ther in the 

mi dvein of a tepal or the supply to a stamen . Carpellary 

dorsal traces appear next and only at thi s st age does the 

stele in lower regions come to cons i st of the number of 

strands evi dent at maturi ty. Vi rtually s i multaneous 

appearance of dorsal bundles in carpels and the stelar 

system in general prevents the establishment of a posi t ive 

i mpression as to whether or not the stele i s  made up 

largely of an aggregat ion of the basipetal extens ions of 

carpellary dorsals. After carpellary dor sals and the 

stele have b ecome di stinct , carpella ry ventral& appear 

together wi t h  the corti cal system wi th which they are 

associated. Va scular ti ssue compri sing carpellar.y 

ventrals appears first in the carpels and i t s  sub sequent 

extension i nto the cortex ult i mately involves �usion with 

a simi lar corti cal extension of the ventra l bundle of a 

carpel lower on the axis. '!'he corti cal strands so �ormed 

are essent i a lly straight and parallel and only assuae 

thei r undula t i ng course a s  the �lower further enlarges. 
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Of the va scular ti ssue concerned with the supply to append

ages the last to appear i s  the a scending stelar bundle s .  

Apart f ro m  the a scending stelar bundle s  there seem there

fore to be three stage s of formation of the floral va sc

ular system. The first i nvolves the corti cal aystem in 

perianth and androecial regions , the second the stele 

throughout , and the third the cort i cal system in the 

gynoecial region (fig . 2 . 7 ) .  

vi . Carpel f9yllotaxi s 

Only a few comment s need b e  made on carpel 

phyllotaxi s in Michelia fuscata as thi s has been thorough

ly inve stigated by Tuaker ( 1961) . She found that carpels  

were spi ra lly arranged in several fa shi ons. Seven , eight 

and ten para stichies were ob served in t en flowers and 

dorsal t races in ea ch parastichy were ob served to ari se 

from the same vascular sympodium. Tucker ' s drawings  

i l lustra t ing phyllotaxi s pattern were evidently compi led 

from a large number of camera lucida drawings of serial 

transverse sections of mature flowers.  Because it  i s  

beli eved that phyllotaxi a can at lea�t sometimes  qui te 

accura t e ly b e  determined from examination of a single 

transverse uection near the apex ( Skipworth 1962) an 

attempt was made to verify Tucker ' s  findings by thi s meth

od. Even though very young flora l  shoots were investig

ated thi s wa s not tound particularly atisf ctory ,  largely 

because only relatively few carpels are vi sible in ny 
one section (fig. 2.8) . It does seem however that the 

vascular pat tern tormed by the dor sal t races and the 

stela r  strands wi th whi oh they are a ssociated i s  compar

able with the pattern in many vegetative shoots (Esau 1943, 

Girolami 1953, Snow 1955, Balfour and Philipson 1962) . 

As several  or the phyllotaxi s fractions recorded by Tucker 

(2/7, 3/7, 3/8, and 4/10 ) a re associated both with dext-
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ro rse o r  s i ni s t r o r s e  t ra c e  uni on and d extro rs e  o r  s ini st

ro rse ont o go ny  a pi c ture more complex than mo st vege t a t i ve 

sho o t  a p i c e s  i s  pre s ent ed. 

Some f eature s no t remarked upon b y  Tucker seem 
wo rthy of consi dera t i on .  Not all flowe r s  were found to 
b e  regular i n  the i r  phyllo taxi s a lthough ,  a s  in mo st st ems 

w i th spi ra l  l ea f  phy l lotaxi s ,  the re were usua lly two 

s e ri e s  of cont a c t  pa ra st i chi e s .  In thi s instance do r s a l  

t ra c e  conne c t i ons run through one o f  the se two . Tucker 

d i d no t cons i d e r  the supply of ventra l t ra c e s  i n  rela t i on 

t o  phy l lo t axi s a n d ,  a lthough i t  ma y  ra rely do eo , vent ra l 

trace uni on do e s  not usua lly fol low the sa me s e ri e s .  

Ven t ra l ca rpel la ry vei n s  o f  a gi ven ca rpe l a re i n  fa c t  

u sually l i nked wi th t ho se of the cont a c t  seri e s  no t fo l low

ed by do r s a l  �ra c e s  ( f i g .  2. 9 ) a l t hough appa rent ly w i t h  

c o n s i de rab l e  i rregula r i ty .  



3. MAGNOLIA STELLATA 
i .  Int roduction 

A memb er of' the la rge st genu s  i n  the fami ly , 

Magno l i a st e llata i s ,  i n  New Zealand , a de c iduous shrub 

about thre e me t re s  tall whi ch produc e s an abundance of 

showy flowe rs in August- Septemb e r .  Leaves a re gene ra l ly 

ob ova t e , b e tween four and e i ght c m .  long , da rk green abo ve 

and paler below. The la rge stipule s a re conspi cuo u s l y  

ha i ry .  F lowe r s  are s o l i tary ,  te rmi na l , and fro m s i x  t o  

t en c m .  a c ro s s . 

i i . Ana t o my of the Vege tative Stem 

In mo st respect s anatomy i s  very si mi la r  to 

Ml ohe lia fusca ta . Between 40 and 60 no rma l ly ori ent ed 

bundles compri se the eust e le i n  the pri mary stem and onc e 

mo re there a re prominent a reas of s c l e r i f i e d  t i s sue , 

e sp e c ia lly in the p i th and out s i de the phlo em . Nea r the 

apex , whe re node s a re very short , a s  many a s  three concen

t ri c " st e le o t' may b e  apparent in one c ro ss secti on. The 

central one of these i s  the t rue et e l e whi le the out e r  

two ea ch compri se a ri ng of strands pa s sing out to l e aves 

and a s so ci a t ed s t i pul e s .  The sugge st i on i s  that sub se

quent elong t i on of each int ernode i nvo lve s ma inly the 

t i s sue in the upper regi on. A situa t ion such a s  tha t  

de scrib ed i n  Rhododendron magnificum by P.hi l i pson and 

�i lipson ( 1 968 ) where leaf t race s run in the cort ex 

pa ra l lel to the stele for a substant i a l  part of the int e r

node would presumab ly b e  arrived a t  i f  e longat ion we re 

immedia t ely above the node . It could b e  noted howeve r 

that i t  i s  po ssib l e  that elonga t ion i n  thi s region may 
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b e  involved in the estab li shment of the cort i cal system 

in the Magnoliaceous flower. In the vegetative stem 

traces  to leaf mi dveins do not in thi s case depart con

spi cuously higher than the single stipular trace and i t  

i s  noti ceable that several traces , usually five , each of 

whi ch ari ses independently , separat ely enter each pet i ole . 

1 11.  General Flo ral Morphology 

Although there are no genuine b ract s ,  the leaf 

nea rest the flower i s  a lways sma ll .  All floral appendages 

appear to be spirally arranged. Perianth memb ers , of 

whi ch there are 1 2-1 8 ,  are not di stingui shable as sepals 

and petals ,  all b eing of ligulate shape and from two to 

five cm.  long. After anthe si s  they become reflexed and 

the i r  margins recurved.  There are 20-30 stamens and a 

simi lar number of carpels.  Carpels  are uni locular ,  b i -

o r  t riovulate , but i n  Palmerston North a t  least , only one 

seed at most matures in each carpel .  They are separate 

and densely packed although as in Mi chelia tuscata their  

adaxial surface is  fused to  the receptacle at i t s  ba se . 

iv.  Va sculature of the Mature Flower (fig. 2 . 1 0a ) 
a .  Pedicel 

Below the flower the anatomy of the uppermo st 

vegetative node i s  clea rly different from the o thers. The 

traces to the leaf concerned depart from the stele further 

below the leaf than in other oases and therefore run a 

greater di stance in the cortex before passing out to the 

appendage .  Eight to ten traces are usually involved a s  

i s  the case lower down. There are three ma j or differences 

from ordinary leaf nodes however . First , several cross 

connect ions between traces are evident as these traces 

pa ss through the outer cortex. Second, from leaf (and 

stipule ) trace s ,  or from connections between them,  branches 



are g iven off and the se cont i nue to a sc end the cort ex . 

Thi rd , f ewer tra c e s  ent e r  thi s l eaf and i t s  s t i pule . Tha t 

i s ,  two o r  three of the t ra c e s  do not in fact ent e r  the 

appenda ge but rema i n  a s  pa rt of the cort i ca l  syst e m .  

Occa s i o na l ly there o ccur s  a n  upward b ranch f rom a t race 

to the penult ima t e  vege t a t i ve leaf and thi s pa s s e s  up i n  

the c o r t ex to uni t e  wi th a tra ce to the uppe rmo st leaf . 

All t ra c e s  to the uppermo s t  l eaf origina t e  from the stele 

a t  the same leve l .  Thi s i s  a l so the ca se wi t h  the supply 

of the penultima te leaf . Above the uppermo st leaf there 

i s  a c o r t i c a l  system cons i s ting of e i ght t o  t we lve st rands 

and R s t e la r  one of about 40 strands and thi s s i tuation 

obt a i n s  through the who 1e of t he internode b e low the lower

mo st t e pa l .  Mo st of the cort i ca l  st rands ori gina t e  a s  

u pwa rd b ranches of leaf ( o r  s t i pule ) t ra c e s  whi le o cca s i on

a l ly othe r s  ari se f rom the st ela r  system at the level of 

depa rture of the l eaf . 

b .  Pe r i a nth 

There i s  sub sta nt i a l  develo pment of c ro s s  conn

e ct i on s  b e tween cortical s t rands the s e  o c curring regula rly 

between the neare st two s t rands to the poi nt of insert ion 

of a t e pa l .  Usually thre e tra c e s  a re invo lve d  in the 

supply of e a ch t e pa l .  In mo st o a se s the se a re b ranche s 

e i the r f ro m  ve rt i ca l  st rands o r  from conne ct i on s  b etween 

the se s t rand s .  Usually in fact , the j unct i on of a t ra ce 

with the cort i ca l  system i s  a t  o r  nea r  a point at which 

a cro s s  c onne ction j oins a vert i cal strand . Not infre

quent ly a t race from the s t e le runs acro ss the inner c o rt ex 

to j o in o r  t o  pa s s  through the cort i cal syst e m  fina l ly t o  

provide a mi dve in. Many t e pa l s  thereto re rec eive a pa i r  

of lat e r a l  t race s f rom the corti cal system and a mi dve i n  

from t he ste l e .  Others receive all t ra c e s  f rom the oort

iQal system (f i g .  2 . 1 1 ) . Eight to twelve co rt i cal strands 

are u sua lly evident below t he perianth whi 1e 1 5-20 can b e  
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seen immediately above . The reason for the increase i s  

not obvious at thi s stage . 

c .  Androecium 

Although there i s  some undulation ot cortical 

strands in the androecial region of the axi s ,  these do 

tend to maintain approximately parallel courses a s  they 

a sc end. Strands are occasionally linked by cro ss connect

ions.  The stele in thi s region consi st s of 30-40 strands. 

Cha racteri stically one trace departs from the cortical 

system and runs to each stamen although just b efore 

entering the stamen each trace divides into three.  Some 

stamens receive their supply solely from the stele , the 

t race involved in most of these ca ses linking as it passes 

through the cortex with cross  connections between corti cal 

strands. The supply trom the stele to a stamen involves 

ei ther a whole strand o r  a branch of one . Instance s  were 

ob served where one or more or the upper stamens received 

three traces - a mi dvein from the stele and two others as  

b ranches from adj acent cortical strands. 

Strands in both systems continue without substantial 

alteration into the gynoeoial region of the axi s.  

d. Gynoecium 

Throughout the gynoecial portion ot the axi s ,  

strands in both the cortical system and the etele are 

regularly di sposed with respect to each other. Each cort

i ca l  strand follows an undulating course whi ch over short 

distances brings it Teey clo se to , or in lower regions 

results in its temporary fusio.n with djacent oortioal 

strands . That i s ,  the cort i cal system compri ses a regular 

lattice consi sting basi cally ot 12-15 strands. Between 

androeoial and gynoeoial regions from 30 to 40 strands 

compri se the stele and throughout the latter region these 

also tollow undulating courses involving tempora1'7 tuaion 

with adj acent strands although wi th less regularity than 



i s  evident in the cort i cal system. Carpels receive three 

t ra ce s  ve ry much arter the fa shi on described for Michelia 

fu acata . The do rsa l t ra ce origina t e s  from a stelar st rand 

and the two vent ra l s  a s  branche s rrom adj a cent s t rands or 

t he cort i ca l  sy stem. At the level a t  whi ch the base of 

the carpel departs from the axi s the a scending stela r  

bundle depa rt s from the pro spective dor sal t race , b r i efly 

runs parallel to the axi s ,  then b ifurcates wi th each of 

the branche s so produced j o ining one of the two vent ra l 

t race s of the same carpel. The se a scending stela r  bundle s ,  

either berore o r  arter their b ifurca t i ons , provi de b ranche s 

to ovules , whi le the ovary wa ll i s  va s culari zed by b ranche s 

from both the se and the vent ra l tra ce s .  There seems no 

va riation in thi s pattern ,  even nea r the a pex - a differ

ence from Mi ohelia fuscata . 

v .  Va scula r Development 

The rirst va scula r t i s sue t o  become vi sib le i s  

the st rands of the cort i cal system in the regi on or the 

perianth toge ther with the lateral t ra c es of pe rianth � 

members. The st ale in thi s region appears at approximately 

the same t ime a s  the cortica l  system in the androecial 

regi on , whi le ca rpellary ventral s and the gynoecial co rt

i ca l  system together with the ca rpellary dorsals and t he 

atele of both gynoecial and androecial regions , a ppear 

vi rtually simultaneously. 

In the perianth, va scular t i e  ue rirst appears near 

the base of the lowest members and evidently mature s down

wa rds a s  cort i cal strands and into the appendages a s  

lat e ral tra ce s .  Corti cal strands and t he a s sociated 

lateral trace s of tepals more di stal on the shoot appea r 

a li ttle later and Join the strands already e stab li shed 

near the point where the strand begins to run out a a  a 

tra ce .  At r 1 r st there are no cro ss connect ions between 
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them although these soon do appear. In many ca ses they 

seem clearly to be extensions of midveins the first sign 

of which is also at the b a se of tepals .  The stele at thi s 

stage is composed only or strand s which terminate as 

tepal midveins although the question as to w hether or not 

these strand s are formed before midveins or a re in fact 

basal extensions of midveins could not be determined in 

the material examined . 

Stamen t races make t heir appearance in a manner 

strongly comparable with t epal laterals .  Traces first 

become visible near the base of the stamens a nd appear to 

ma ture into the cortex , then parallel with the axis, until 

each unites with one lower down thereby forming the cort

ical sy stem in this region . The inward and downward 

extension of the lowermost stamen traces in most cases 

j oins the co rtical system of the perianth although some 

j oin traces of tepal midveins which have originated in 

the stele . This explains the higher number of cortical 

strands in the androeoial region than in t he perianth 

region. Cross connections between cortical strand s appear 

later, usually but not always in a ssociation with one of 

the stamens possessing a supply from the stele . The 

lateral t races in the stamens , which j oin the main stam

inal tra ce nea r the ba se of ea ch appendage , appear much 

later, while the undulation of cortical strands in this 

pa rt of the axis also becomes evident much later - prob

ably following the cessat ion of apical growth. 

As is the case with stamens and perianth the vasc

ular supply of lower carpels matures before t hat of upper 

carpels .  Dor sal traces a re vi sible in each carpel before 

there is any connect ion between them and stelar tissue, 

and it i s  again true that a t  anT one level there are only 

a s  many stelar strands aa there a re carpellary dorsals 

connected to the stele above that level . Ob servations 
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sugge st st rongly that the maturation o£ a do rsal trace 

into t he stele o c curs contemporaneously with the api ca l 

matura t ion of a stelar st rand , and that the two j o in some 

5-1 0 pla stoohrons b e low t he carpel in question. Unlike 

the s i tuation in Yl chelia £uscata and lower in the flower 

in Magno lia stellata, strands appear in the cort i ca l  

system b efore carpellary ventral s .  When the la tter t ra c e s  

do appea r the undulations o f  corti cal strands are not a s  

marked a s  they are at maturity and certainly in no ca se 

a re adja cent traces fu sed. As in M1 ohel1a tuscata the 

a scending stelar bundle i s  the la st to appear apart from 

va ri ous t races wi thin the carpels. 
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4. OTHER SPECIES OF MAGNOLIA 

In the course of thi s s tudy le ss deta i le d  ob serv

a t i ons were a l so ma de on three o the r species o f  Magnoli a , 

M. soulangi ana ,  M .  grandiflora and M. campbelli and some 

differences from the si tuat ion de scribed in M. ste llata 

a re worthy of no t e .  

The re are different numb e r s  o f  st rands i n  both 

cort i ca l  and stelar systems in the four speci e s  and only 

in M. s t ellata are the re mo re than e i ght tepal s .  No dal 

ana t o my of tepa ls in M . soulangiana , M . campbelli and 

M. grandiflo ra i s  in fact more simi lar to tha t of Ml che l i a  

fuscata than is tha t of Magnolia stella t a .  In each o f  

the se three specie s examined more b ri efly , the stelar 

system contribute s  much mo re to the va sculature of 

sta mens than it do e s  in M . stellata . In M. soulangi ana 

for example lower stamens a re suppli ed solely f rom thi s 

syst e m ,  a s i ngle st rand and single tra c e  wi th a pa i r  of 

b ranche s nea r  the b a se of the stamen b e i ng invo lved in 

each ca s e .  In thi s spe ci e s ,  higher stamens almo st invar

i ab ly receive three t ra c e s  - a midvein from the stele and 

lat e ra l &  f rom the cort i ca l  system (f i g .  2. 1 0b ) . Three 

t ra c e s  a re re ceived in thi s la tter fa shi on by mo st of the 

stamens ot M. granditlora . 

In these three species there seems to be mo re con

stancy with reapeot to the gynoecial regi on. The mo st 

not i ceab le variati on seems in fact to be the extent ot 

the undulat i on ot cort i ca l  strands at ma turi ty . M. camp

belli i a  very simi lar to M. stellata in thi s respect but 

in M. soulang1ana partial fusion between ad3acent strands 
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occurs nea r  the apex rather than the base of the gynoecial 

re gion. In M. grandiflo ra there i s  at anthe si s a complete 

ret i cula t i o n  throughout . 
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5. LIRIODENDRON TULIPIFERA 

i .  Intro duct i on 

Well known as  the tulip tree , Liriodendrqn 

tulipifera i s  large (upwards of 25 metre s hi gh ) and decid

uous. leaves are alternately arranged wi th a 6-1 8om. long 

lamina and a 4-1 0cm. peti ole . They a re rather irregularly 

three-lobed wi th a somewhat truncate apex and are glab rous , 

si.mple and st ipulate.  Flowers are terminal and 4-8cm. 

across .  As ha s already b e en indi ca ted , Liriodendron , a 

genus of only two species , has on various grounds , cytol

ogical , anatomi cal and mo rpho logi ca l ,  usually been 

regarded as  an advanced member of the family and one 

standing rather apart from the rest. 

i i .  Ana tomy of the Vegetat i ve Stem 

Genera l  anatomy i s  simi lar to that of Michelia 

fuscata and Magnolia stellata wi th b e tween 30 and 50 

strands compri sing the stele prior to the advent of 

secondary thi ckening . Usually six trace s depart from 

approximately equidi stant point s  round the stele and these 

run almost parallel into the base of the petiole in which 

they provide lateral veins. Soon after their departure 

from the stele mo at of them pro duce a branch which enters 

the as sociated stipule . 

iii.  General Ploral Morphology 

Apart from the fact that i t is lightly 

smaller there i s  no sugge sti on that the leaf nearest the 

flower i s  in any way unusual. In common with the situation 



in o ther members of the family , stipules from thi s node 

enclo se the flower during development . The flower ha s 

nine separate perianth members whi ch appea.r to be  spi ralled 

and whi ch are cleat•ly di stingui shable as three sepal s  and 

six petals.  Each i s  4-8cm. long by 2-4cm. b road and of 

oval o .r obovate outline . Sepals are readi ly di stingui sh

able by thei r much broader base. All perianth members 

are pale green t o  pale orange-pink and all di splay a 

palma t e  type of venation. There a re 30-45 stamens each 

fro m  two to four cm. long . The filament in thin and 

rarely more than one cm. long while the connective i s  not 

obvious and does  not extend beyond the two am. long , 

laterally di spo sed anthers.  Carpels , 25-40 in number , are 

also spira lly arranged , free , unilocular and biovular .  

The adaxial surface of the ovary i s  evidently fused to 

the receptacle . At anthe si s  the style , whi ch is winged 

and at lea st two cm. long , i s  tipped with a rather sma l l , 
terminal stigma . After fertilization carpels become dry 

and remain on the flora l  shoot for a year or more during 

whi ch t ime the aggregation conveys a strikingly et robiloic'i. 

a.rpea rance . 

iv. Va sculature of the Mature Flower (f ig .  2 . 1 0c )  

a .  Pedi cel  and Perianth 

Immediately above the uppermo st vegetative 

node on the floral shoot, usually twelve trands depart 

from the stele to compri se the cortical system in the 

internode below the lowermo st sepal. Six of these tend 

to be larger and to alternate with the six weaker strands. 

These twelve str nds run straight and maintain approx

imately parall 1 courses until slightly below the level 

of the sepals at which a more or le s s  hori zontal strand 

runs b etween them. From this ring of vascular tia ue 

some 25-35 traces depart independently ot each other . 

36 . 



S i x  t o  ten of the se run to each sepa l and a furth e r  five o r  

s i x  ext end up the axi s a s  part of the cortica l  sy st em . 

In thi s regi on the co rti ca l  system i s  supplemente d  by a 
further f i ve o r  six strand s  whi ch pa s s  o ut from the stele 

leaving t hi s about the level of ( o r  just below ) the insert

i on of sepa l s .  There i s  a t endency for the s e  t en t o  twelve 

strand s  t o b e  connected or part i a lly so at the level of 

depa rture from the cort i ca l  system of petal t ra c e s  

a lthough t hi s i s  not a lway s  the ca se . Ea ch petal re ce i ve s  

f ro m  five t o  e i ght sepa ra t e  t ra c e s a l l  from the c o rt i ca l  

sy stem and wi thin the appenda ge s ,  the se t ra c e s  di v i de 

ra re ly a s  they pursue sli ght ly diverging course s. Some 

pe ta l s  a ppea r external ly to b e  inserted above o the rs 

�i lthough all t ra c e s  to the m  depart f ro m  approx i m� t e ly the 

same leve l . Usually some of the se t ra c e s  a re much s tronge r 

t han othe rs although thi s seems i rregula r and ther e  i s  

no obvious mi dvein. Neither i s  there any sugge st i on a t  

thi s s tage o f  regulari ty o f  rela t i onshi p between perianth 

t ra c e s  and cort i ca l  strand s other than that i n  mo st 

instances one of the t race s ,  whi ch ha s ari sen from the 

stele at t he level of the sepa l s , i s  a ssociated with each 

peta l .  As t ra c e s  depart f ro m  the cort i ca l  sy stem , mo st 

do so as b ranches of strand s  the la rger po rt i on o f  whi ch 

cont inues to a scend as part of the co rt i ca l  system above 

the level of the petals. 

b. Androeoium 

In the androec i al portion of the flo ra l  axi s 

a s  elsewhere i n  the flowe r , co rt i cal and etela r  sy stems 

a re concentri c .  Bea r the b a se of thi s region t here a re 

t en to twelve cort i cal strands whi ch are upward ext ensi ons 

of the cort i ca l  system of the perianth region a lthough 

they are pre sent 1n the form of a complex and i rregula r 

reti culation which in tact obtain throughout the androec

ial portion .ot the axi s .  Above the lowe st stamens , the 
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cort i ca l  system i s  supplemented by fi ve to eight strands 

whi ch have ori ginated f rom the stele at approxi mately the 

level of insert i on of petals and whi ch run diagona lly up 

and out through the cortex. Other strands leave the stele 

at i rregular intervals and also j o in the cortical complex 

or perhaps pa s s  through i t  a s  they run to stamens. Stam

ens all recei ve three traces which in mo st ca ses ari se 

clo se t o gether although the ori gin of the three i s  qui te 

separate . The preci se contribution to each stamen made 

by the two element s of the cort i cal  system ( i . e . the 

residual system extending up f ro m  lower regions and the 

strands o rigi nating from the stele at o r  above the level 

of the petals ) cannot be de termined with certainty at  
thi s stage.  Since only the former component is  usua lly 

pre sent at the level of the lower stamens , these sta mens 

must b e  va sculari zed b y  thi s component . Throughout the 

androecial port ion of the axi s , the stele consi s t s  of 

some 1 2-1 5 strands whi ch are generally strai ght although 

there a re occasional ana stomoses a nd b ifurcat ions .  

c .  Gynoecium 

I mmediately above the upper stamen, 1 2-1 5 

strands emerge from the corti ca l complex of the androecial 

region and the se fo llow undulati ng courses to the apex . 
In some instance s , the undula t i on s  of adj acent strands 

cause them to come into clo se a s so cia t i on or in conta ct 

over short di s tances thi s b eing especially not i ceab le in 

older flowers.  Stelar strands , of whi ch there a re a lso 

1 2-1 5 ,  follow str ighter courses a lthough in mo st �lowers 

there are several instance s  of di chotomi es in thi s regi on . 

Carpels each receive three tra c e s  after a fashion strongly 

remini scent of Mi chelia and Magnoli�. The dorsal vein 

eithe r  originates as a branch from a strand or the stele 

o r  compri s e s  an ent ire stela r  strand . Thi s la tter fa sh

ion i s  the rule for the more terminal carpels although 
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i t  also o ccurs more rarely much lower in the gynoecium .  

A s  they pa ss b etween adja cent strands o f  the cort i ca l  

system , the po t ential dorsal t ra c e s  ea ch give a branch whi ch 

b riefly runs pa rallel to cort i ca l  strands ( the a scending 

stelar bundle ) then pa sses out to the ca rpel a s  a single 

strand . Thi s provides the va scular supply to the ovul e s .  

The a scendi ng st elar bundle i s  no t connected t o  the co rt

i cal sys t e m  or to carpellary b ranche s o ri gina t ing in thi s 

system a s  i t  i s  in ea ch of the other two genera that have 

been examined . The adja cent cort i cal strands b etween 

whi ch the do rsa l trace ha s pa s sed ea ch provi de three o r  

four sepa ra te t races whi ch run i n  the ca rpel wa ll. It 

i s  doubtful whe ther or not the hi ghe st of the se to any 

one carpel ( whi ch ult imat ely run near the vent ra l mi dline , 

pre sumably a s  ventral tra c e s ) a re any stronger than the 

o thers . 

v .  Va scular De�elopment 

Abo ve the uppermo st leaf the first va scular 

t i ssue to b ecome recogni sab le i s  porti ons of s t rands i n  

the co rt ex near the ba se o f  each sepa l .  As they mature , 

these strands run down and towards the middle of the sho o t  

and at the leve l o f  the uppermo st leaf they c a n  clearly 

be seen to compri se part of the stele . The t ra c e s  in 

each sepa l j o in the se strands near the i r  po int s of ini t ial 

appearance although the course of sepal t races is first 

straight into the cortex along a shoot radius at ri ght 

angles to the axi s ,  then in mo st ca ses tangentia lly i n  

the cortex in the same hori zontal plane to link up wi t h  

o t her t ra ce s  o f  s i mi lar origin and finally wi t h  the o ri g

i na l  strands ( f i g .  2. 1 2 ) .  Vert i ca l  connections i n  the 

cortex between t ra c e s  to sepals and tho se to the uppermo st 

leat ( or a sso c i ated stipule s ) appear a lit tle lat e r .  The 

supply to lower petal appears appreci bly aft er that to 
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sepals though i n  a virtually i dent i cal fa shion. That i s ,  

a strand from the stele near the level or sepa l  insertion ,  

which extends up and out , i s  establi shed. In the cortex 

near the ba se of each of the se petal s ,  thi s strand bifurc

ates each b ranch running tangentially in the cortex and 

dividing two or three time s  to provide petal trace s.  Vasc

ulature or the upper petals  ari ses in a less regular fash

ion although apparently a s  a result of a third burst or 

activity . Both the di spo si tion of traces at anthesi s and 

the order of initiation therefore suggest three distinct 

perianth whorls .  Strands in the cortex between each who rl , 

and the connections in the cortex between suppli es of 

adjacent perianth members , each appear after the e stab li sh

ment or the supply from the stele . Addi tional traces a l so 

appear in the sepals and petals and these ultimately j o in 

e stab li shed vascular rings although there seems no di rect 

a ssociation between these and the developing cortica l  

system. Whi le the vascular supply t o  upper petals some

times doe s  ari se as  with lower perianth members , the main 

strand frequently runs to the ring formed in a ssociat i on 

with lower perianth members rather than to the stele . 

Traces  in stamens , which again fi rst appear near 

the base of each appendage , mature downwards either 

ent irely in the cortex (where even at the time of the i r  

fi�st appea rance they follow i rregular courses ) or towards 

the stel e .  In the former case , which applies mainly to 

lower stamens , strands associated with stamens j oin tho se 

of the cortica l  system in the region of the upper petals 

recalling therefore the si tuation obtaining with higher 

perianth members. In the latter instance the strands j oin 

the stele at various levels. At first each stamen is  

furni shed with only one trace , the two laterals appearing 

later and joining the corti ca l  network. By the time the se 

stamen lateral& mature the original ly separate though 
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undulating strands or the cortical system have become 

i rregularly rused to form the lattice already described 

for thi s regi on of the flower.  

In the gynoecial port i on of the floral axi s ,  the 

first va scular t i s sue to appear i s  that of the stele , 

followed some 1 0-1 5 plasto chrons late r by the cortical 

system. The appearance of thi s va scula r t i s sue appreciab ly 

b efo re that  in the a ppendages i s  in marked contra st to 

other regions of the Liriodendron flower and in fact ha s 

not been ob served anywhere else in the ramily. At the 

t ime of the i r  first appearance va scular strands are gener

ally straight although minutely corrugated. Sub sequently 

t races appear in the carpels and join the stele or the 

cort i cal system , the dorsal trace becoming vi sible 

appreciab ly b efore any o ther s  and first appearing at the 

base of the style . Thi s evidently mature s mainly bas1-

petally finally to become part of the stele . The ventra l 

and ovary wall t ra ce s  appear rather later and join the 

cort i ca l  system the strands of whi ch have by thi s time 

a ssumed the i r  broadly undulat ing course s .  As with other 

species in the fami ly that have been de scribed , the 

a scending stelar bundle i s  the last of the ma jor traces 

to appear. 
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6. COMPARISONS 

The taxa that have been dealt with may now be compared. 

i .  Bracteole (Mi chelia) o r  Uppermo st Leaf 

In Michelia fuscata the bracteole receives 

its midvein directly from the stele and its  two lat era l s  

from cort i cal strands whi ch also o riginate in  the stele 

though much lower down. The strand entering the stipule 

also originates at thi s lower level.  Ascending bundle s  

whi ch branch from strands as  they pass  through the cortex , 

continue a s  part of the cortical sys tem. The cortical 

system above the bracteole also compri ses strands which 

have origi nated at the same level a s  that of the stipule 

and bracteole lateral& but which have bypassed the b ract

eolar node. It also contains some strands whi ch have 

originated in the stele at the level of the bracteole .  

The node of the uppermost leaf of Magnolia stellata 

is very simi lar to that of the braot eole of Miohelia 

tuscata except that all traces involved o riginate at the 

same level below the node ( i . e . the midvein does  not ari se 

higher than the others ) and that a la rger number of traces 

i s  involved. A mo re  or less complete ring of vascular 

ti saue runs between strands in the cortex although there 

i s  no difference in the composition of the corti cal system 

above the node . 

In the origin of traces to the uppermost leat , Li rio

dendron tulip1tera clo sely resemble s  Magno lia stellata 

and the t races again tend to be coanected by a ring ot 

�a acular ti ssue . The number ot traces to the leaf differs 
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and the ta ct tha t cort i ca l  strands do not usua l ly extend 

up from the ring i s  a further po int of contra st . 

i i .  Perianth 

An a na stomosi s of strands and the exi stence 

of va scular rings complica t e  the pi c ture in the cortex in 

the region of the peri anth and at anthe s i s va s cula ture i s  

more va riab le than i t  i s  a t  the uppermo st vegetat i ve 

node . In Mi chel i a  fuscata lower pe rianth members are 

u sua lly va scula r i zed ent i re ly from t he cort i cal syst e m  

whi le wi th the uppe r members t he mi dvei n  come s from the 

stele and the two laterals from the cort i cal system. In 

Magno lia stellata it can only be sa i d  that some t i me s  a 

s t e lar st rand provides the midve in while the cort i ca l  

complex provide s e i t her all trace s o r  the la tera l s .  

Other spec i e s  o f  Magnolia t end to re s emb le Mi chelia 

fusca ta mo re clo sely in tha t lower pe rianth memb ers a re 

va sculari zed f rom the cort i cal syst e m  whi le upper memb e r s  

po s sess midveins a s sociated with the stele . I n  Li ri o

dendron i t  is lower perianth memb e r s  ( sepals ) whi ch t end 

to di splay a mi dve i n  connection to the stele , the other 

t races of each sepal joining a ring whi ch apparent ly 

compri ses pa rt of the cort i cal sys t e m .  The o ri gin of 

t races to upper perianth members (petals ) is some t i me s  

s i mi lar to sepa l s  but mo re frequent ly all tra c e s  ent er 

from a ring conne cting cort i ca l  strands . 

In Mi chelia rusc ta and Magno lia soulapgiana the 

cort i cal system and the t ra c e s  with whi ch it i s  a s so c i a t ed 

develop b efore the stele and i ts a s s o ciated t ra c e s .  The re 

a re sugge stions that the cort i ca l  va scular rings are 

fo rmed a s  a re sult of tangent ial connect ions between 

t ra c e s  to diffe rent perianth memb e r s  and tha t cort i ca l  

s t rands mature down fro m  the se rings either t o  j o in a 

�ower ring o r  s i mply a s  pedi cel strands . Certainly the se 
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rings a re ult i mately in d i re c t  continu i ty with corti ca l  

strands whi ch extend above and below them.  In t he exa mined 

represent a t i v e s  of these two genera t he midveins of higher 

perianth memb e rs appea r late r ,  j oi n  t he va scula r ring 

where one i s  pre sent , and extend i n  to compri se part of the 

stel e .  The development of t ra c e s  a s so c iated wi th sepa l s  

a s  describ e d  f o r Li riodendron tulipifera pro vides a ra ther 

clearer pi ctur e .  The suspi c i on that va scula r rings a re 

formed by tangent i a l  connec t i o n  between tra c e s  to different 

sepa ls i s  endo r sed and in thi s ca se from po rt i ons of the 

ring corre sponding to each sepa l ,  one t race extends into 

the s t e le . Co rtical element s para llel to the axi s appea r 

later and connect di rectly w i t h  the ring. Lower pet a l  

t ra c e s  have s i mi la r  connec t i ons a l though a s  ha s been 

sugge st ed , the st rand corre sponding to tha t whi ch extend s 

from ea ch sepa l to the st ele often links in thi s ca se 

rather wi th t he cortica l  ring below i t .  Other cortical 

strands appea ring la ter a lso link the two ring s .  The 

t race s of upper petals seem not to be a ssocia t ed w i t h  a 

ring a nd evidently connect only wi th c o rt i ca l  strands. 

i i i . Andro e c i um 

The va sculature of stamens at anthe si s i s  a l so 

variab le i n  ea ch of the three gene ra . The cort i ca l  system 

in ea ch is an i rregular netwo rk from whi ch stamen tr c e s  

a ri se a lthough there i s  a strong suggest i on t ha t  the stele 

provide s , in va rying degree s ,  strands whi ch supplement 

the cort i ca l  system and whi ch also provide stamen trace s .  

Stamens i n  Mi chelia fuscata typi ca lly have a single trace ; 

in Magnolia , L1 ri odendron and o cca sionally i n  Mi chelia 

tuscata (upper stamens ) there a re three trace s to each 

stamen . In e i ther event a single tr ce appea r s  fi r st in 

each stamen and matures downwards to b e co me part of the 

cort i ca l  system or of the stele . Where they a re pre sent , 

� .  



lateral stamen traces always link with the cortical system 

while on the other hand contributions from the stele 

always become a stamen midvein or a solitary stamen trace. 

It ha s been observed in Magnolia soulansiana that the 

a scending branch from the midvein trace which effectively 

becomes part of the cortical system, gives rise to stamen 

midveins higher on the axis (fig. 2. 10b ). This situation 

was believed by Skipworth and Philipson (1966) to be 

typical of three-veined stamens in the family although 

it was pointed out that ''the vascular supply to stamens 

i s  variable and in no case easy to observe. " 

iv. Gynoeciwn 

From the point of view of their vascular 

supply, the most constant of the floral appendages among 

the genera examined were the carpels. In each case the 

dorsal trace emanates from the atele as a single strand, 

while the ventral supply always involves two traces from 

independent cortical strands. At anthesis ad3acent cort

ical strands may be fused over parts of their total length 

but in each of the cases examined they were clearly 

independent earlier in their development. The a scending 

stelar bundle i s  always the last to appear and whilst 

there i s  some variability in its course at anthesis, in 

each of the three genera it does always follow the same 

general direction and never extends beyond the one carpel. 

v. Summation 

'l'bere is little doubt that throughout the 

flower there are two concentric conducting systems and 

that the stelar system supplements the cortical in many 

places - leas regularly in lower whorls but particularly 

consistently in each carpel. The situation tound in the 

supply to each carpel where the eortical system provides 
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the ventral traces ( laterals ) and the stele the dorsal 

trace (midvein ) i s  one whi ch occurs more frequently than 

any other among lower appendage s .  Thi s arrangement ha s  

b een noted i n  the bracteole o f  Michelia ruscata and if 

not with ab solute consi stency in the supplies to the 

peri anth and stamens in each of the flowers examined. 

Where it i s  possible to trace a strand from stele to 

appendage ( i . e . where the i denti ty of the strand i s  not 

lo st in the corti cal reticulati on )  i t  always contribut e s  

t o  a midvein and conversely these stelar strands never 

dire ctly become lateral veins in the appendage. Lateral 

traces (and admittedly some midveins too ) seem a lways to 

be connected to the cortical system. However, clo senes s  

of relationship between cortical and stelar systems i s  

exemplified during development of sepal vasculature of 

Li riodendron. Here the ring of vascular ti ssue in the 

cortex , whi ch i s  like the corti oal rings so frequently 

ob served in the family at thi s level ,  and which in thi s 

ca se provides all of the major traoes in each perianth 

member , i s  at  first connected only to the atele. I t  

could even perhaps b e  argued that such rings should there

fore b e  regarded a s  part of the stele.  However they 

clearly exi st in the cortex and sub sequently become 

continuous with cortical strands extending above and 

below them. Although in this instance the stele doe s  

not provide only midveins, evidence from perianth �race 

development elsewhere in the tamily suggests that at 

least sometimes lateral appendage traces are continuous 

wi th vertical strands betore the ring is developed and 

therefore be�ore th re i s  any connection with the stele . 

MoreoYer in the oaae of higher perianth members even in 

Liriodendron. the tirst formed strand asso ciated with a 

developing appendage otten 3oina a vascular ring assoc

iated with a lower appendage rather than the atele . 
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Cort ical and st e lar syst ems and the t race s with 

whi ch they a re a ssociated make the i r  a ppearance at various 

and differing rat e s  in the flowe rs exa mined . One a ppe a r s  

earl i e r  at lower leve l s  and frequently the other hi ghe r 

on t he axi s .  It a ppears that there i s  some t endency 

for t ra c e s  develo ping basipetally to j o in whi chever 

system i s  mo s t  extensively develope d  a t  the t ime of the i r  

matura t i on .  
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]. D I SCUSSION 

(With Particular Reference to the Cortical System ) 

In hi s a ccount of the floral  vasculature ot Magnolia 

stellata , a species which he clearly considered to be 

typical of the family , Melville ( 1 96 3 )  made several state

ments the validity of which can be questioned in the light 

of the present f indings . 
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He described the cortical syst em a s  beginning "a little 

below the flower at one of the foliage leaves. " He went 

on to say : "Here, traces pass upwards within the cortex 
from each of the two lateral nerve s of the triple leaf 

trace • • • • These cort i cal strands link up with the 

lateral trace of the leaf or scale leaf next above . This 

in turn gives  r i se to a similar pai r  of traces • • •  and 

so on upwards through the perianth. Often the scale 

leave s and lower tepa ls are without any direct connect i on 

to the central stele. •• The present account rai ses doubt s  

a s  t o  the accuracy of Melville ' s ob servations with respect 

to Magnolia stellata , and certainly the origin of the 

cortical system in Mtch�lia &uecata i s  different . Here 

cortical strands clearly originate from the stele in an 

internodal or even nodal position. Moreover, some ot 

these by-pa ss the braoteolar node and some originate f rom 

the stele at the node, a feature also observed in Masnolia 

stellata . In addition, some cortical strands are upward 

extending branches of traces to stipules ,  a feature also 
noted in both Magnolia stellata and �riodendron. 

An i mportant critici sm of the interpretat ion of the 

b racts in terms of the Gonopnyll theory rests on the taot 



that 1n Mi chelia fusca ta a lat era l bud o c curs in the axi l 

of a b racteole whi ch i s  inserted above the po int of origin 

of the cortical system. "Thi s b�ing so , • • • •  the cort i ca l  

system of the pedi cel cannot be explained in terms
, 

of 

fusion of branch systems a s sociated wi th the axile of 

appendages •• ( Ski pworth and Phi lipaon 1 96 '6 ) .  As there is no 

rea son to suppo se that the corti cal syst em of the pedi cel 

i s  no t di re ct ly cont inuous wi th , and of the same morphol

o gi cal nature a s  that of the f lowe r ,  all aspe c t s  of the 

Gonophyll int e rpretation of the Magno liaceous flower , 

b a sed on fusion t o  the axi s of steri li zed branches ,  must 

b e  regarded wi th grave ci rcumspection. 

According t o  Melville ' s  int erpretation st rands 

a scending in the cortex must o ri ginate a s  a single branch 

( whi ch shortly b ifurcates ) from the supply to a bract o r  

e quivalent appendage . Clea rly therefore two st rands may 

be envisaged as a scending from one leaflike appendage 

but not mo re . Mo reove r ,  in Magnolia etellata a s  well as 

i n  Ml chelia fuscata and Li ri o dendron , traces to stipule s 

a l so frequently provide ascending st rands - a situation 
whi ch would in i t self presumably requi re further appendage s .  

Solitary leave s  in thi s fami ly can surely not b e  equated 

wi th a whorl of appendages as would seem to be requi red 

by Melvi lle ' s  interpretation. 

Melvi lle i nterprets a pair of ventral oarpellary 

t race s as ari sing from the doraal trace of the ame carpel 

and therefo re ori ginating e ssent i ally from the stele . 

Hi s contention i s  that the bifurcating a scending stelar 

bundle , who se b ranches indeed link with the appropriate 

oarpellary ventral s  in gno lia stellata (and also in 

Mi ohelia tuscata ) , i s  the ba se of a typical fert i le 

b ranch. By such an interpretation, each carpel i a · a 

complete gonophyll , more specifically a gynophyll. In 

this structure the cloraal trac ia the midvein of the 



sub tending leaf and the a scending st e lar bundle and 

t e rmina l  po rt ions of the vent ra l  veins , the fertile 

no n-foli ar port ion. I n  all known oa se s ,  includi ng ¥as

no l ia stellata , howeve r , the a sc ending stela r  bundle 

a ppears ma rkedly afte r  di stinct and sepa rate e stab li sh

ment of connect ions b etween the dorsal trace and �he stele 

and between ventral t races and the cort i cal system. More

ove r ,  in Li riodendron the a scending stelar bundle suppli e s 

the ovule s di rectly and never j oins ven·tt-al 'b ra c e s .  

According t o  the gonophyll int e rpreta tion ,  perianth 

members and b ract s are both l eafy portions of gonophyll s  

but carpels include a l so the a s sociated fert i l e  shoot s .  

I t  ha s already been pointed out that the findings of the 

pre sent inqu i ry sugge st that the va scular supply of bra ct s , 

pe rianth members and ca rpe l s  are strongly compa rab le and 

tha t  each typi cally ha s a m1dvein derived from the st ele 

and lat era l s  from the cort i ca l  sy stem. Thi s simi lari ty 

in turn sugge sts morphologi cal e quiva l ence of at least 

the se three cla sses of appendage and therefore support s 

the cla s s i ca l interpretat ion of the carpel a s  a lat era l 

appendage of the same o rder a s  a foliage leaf . 

In order to expla in the continuity of the cort i ca l 

syst em in the gynoeeial region of the axi s ,  Melvi lle 

evoke s the concept of t•oapture " of some st rands by o thers . 
"Only a few of the ovule s on the fert i le b ranche s ot the 

gono phyll could be enclo sed by i t s  bla de . Unwante d  

steri l i sed branches pa ssed on upwards b etween the enfo ld

ing gonophyll. blade s. When these steri�e brana.hes fused 

with the axi s ,  they ana tomosed with their ne ighbours 

abo ve . " Anastomosis ot t"used br nohe in thi s tashi on -

••a torm ot develop ent unknown in the ontogeny of p�ant s "  

( Bkipworth and Phi lipson 1 96.6 ) - i s  a needlessly complex 

assumption if the findings or the pre·sent work are 

accept ed. The explanat i on that ventral s  are supplied by 
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the cort i cal system and do r sa l s  by the stele involve s  in 

fact the expectation that the corti ca l system would be 

continuous .  Mo reover , there seems no reason why the 

explanation clearly de monst rated fo r the pedi cel should 

not a lso apply to the gynoecium. 

For two reasons menti on of st amen s has b een avoided 

in this di scus sion so far . This i s  primarily becau se 

Melville ' s explanation tor their vasculature evi dently 

varied qui te conside rably and also be cause the pre sent 

f indings do not perhaps pre sent a s  conclusive a picture 

of the essential nature of stamens as is provi ded tor 

other floral appendages. 

In his e arlie r  pape r ,  Melv1lle (1960) clearly 

regarded stamens a s  being produced on fertile b ranche s 

whi ch a ro se in a ssociation with an upper tepal but whi ch 

were fused with the main axi s .  Some portions o f  hi s 1 963 

paper are also to this effect . Melville ' s  fig. 25 : 8  

( 1 96 3) fo r example shows a t epaline androphyll with 

ferti le branches extending throughout the androecial 

region , and on page 11 it i s  stated that cortical " t races 

b elonging to the uppe r tepa ls give ri se to a successio n  

o f  short b ranche s externally " each of which "forks twice 

to gi-v e  rise to  the triple trace of a stamen. 'l'he tepals 

therefore a re androphylls bearing two fertile branches • • •  " 

Yet on page 1 2  o� thi s same pape r  Melvi lle wrote : "In 

the androeoium the mi cro sporangia tused with their sub

tending gonop�ll blade s  but ret aine d  the triple nerve 

system of' the t'oliar portion. " By the earlier interpret

at ion the gonophyll blade s  were the tepals but according 

to thi s second i nterpretation each stamen had i t s  own 

blade , evidence of which remains as the three nerves. 

In the last paragraph on page 12 i t  is each stamen which 

i s  in ract rererred to as an andz'ophyll . Harlier on the 
same page M81Y1lle stated : "Occasionally in the androeoial 
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region a tra c e  pa sses inwards and downwards to  j oin the 

central stele • • • in the manner or a lear t race . Such 

traces apparently represent the midvein traces of andro

phylls the b lade s  of which have been suppressed. " I t  i s  

difficult t o  avoid the conclusion that Melville ha s 

answered the question as  to the involvement of b lade s with 

individual stamens in three conflicting ways whi ch could 

be t ranslated as ' never ' ' a lways ' and ' occasiona lly . '  

It can only be said tha t  the results  of the present 

inquiry do suggest that where stamen supply come s from 

three di stinc t  points (as  it does in Magnolia stellata ) 

each stamen i s  fundamentally equivalent to a leaf . 

Specie s  chara cteri zed by a single stamen trace offer no 

evidence pertaining directly t o  the a rguement a lthough it  

could fai rly b e  said  that if the lateral supply were 

removed from a ll stamens in Magno lia stellata , a situation 

very similar to that found in Michelia fuscata would be 

arrived a t .  Furthermore in Michelia fuscata , whi le mo st 

stamens possess a single trace , the occasional higher 

stamens with three traces do receive these in the fa shion 

characteri sti c  for three t race stamens and for o ther 

appendages ,  i . e .  a median trace from the stele and two 

laterals from the cortical system.  

Based on the ini tial appearance of t race s ,  it i s  

submitted tha t  with respect to the Magnoliaceous flower ,  

thi s inqui ry supports the classical  interpretation 
whereby all floral appendages are of leaf rank. The 

basic a ssumptions of the �onoph7ll theory are shown not 

to b e  suppo rted by evidence ot developmental anatomy. 
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III  GNETUM 

1 .  INTRODUCTION 

Long regarded a s  Gymno sperms wi th some Angio ape rm 

feature s ,  the Gnetales compri se a small t axonomi cally 

i so lated and ra ther di verse group. Many inve st i gators 

have a t tempte d  to a sse ss the i r  phylogene t i c  po s i t i on 

a lthough Melvi lle ( 1 960 ) seems the first to have placed 

especi a l  re li ance on the course of va s cula r bundle s 

in repro duct i ve structure s. Hi e conclusion wa s in fa c t  

tha t va s cula r anatomy in Gnetum i s  very s i mi la r  to tha t  

in the Ma gno li a oeae and that " there i s  at la st evi dence 

to link the Di cotyledons wi th the Gymno sperms through 

the i r  repro duct i ve organs. " In the i r mono graph on Gne tum 

Mahe shwa ri and Vas i l  ( 1 961 ) di d include reference to 

flo ra l  va sculature and for the purpo se of compari son 

wi th Ma gno liaoeous floral anatomy , the i r  description 

seems to requi re a little amplifi cation but ma inly 

confi rmati on. 

Gnetum i s  d1o eoious a lthough strob i li generally 

di splay evi dence of both male and fema le part s wi th one 

or the other being abortive . The whorls or flowers
+ 

whi ch are b o rne along the axes of strobi li , a re sub 

t ended by collars ot bract s .  

Pre served material o t  Gnetum snemon wa s availab le 

for the present investigation. 

+The term tlower is used wi th re spe ct to Gnetum because 

the structure has been di re ctly compared by Melv1lle 

with an Angio sperm tlower. Thi s useage although conven

i ent here i s  not tound ext ensively in modern literature . 
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2 .  FLORAL VASCULATURE 

(Fig. 3.1 ) 

From six to ten strands ascend the axi s of the 

strobilus.  They maintain approximately parallel courses 

although there is some ana stomosi s  between them at  node s . 

At these node s ,  t races to b raots and flowers depart from 

the stele . One conspicuous trace runs to each bract 

a lthough thi s divides several time s  within the bract 

i t self .  I n  megasporangia t e  strobili the va scular supply 

to each flower sometimes a ri ses a s  an upward b ranch from 

the bract trace but more frequently it comes from the 

axil of the tra c e  or from the stele slightly above thi s 

point . Mahe shwari and Vasil  (1961 fig. 39E ) have i llust

rated a ca se of dual origin from both the b ra ct trace and 

the stele although such instances we re not ob served in 

the pre sent inqui ry.  In the oa se s  seen ,  the single trace 

sometime s  produced small b ranches to abortive flowers , 

then di sta lly divided in a vari ety of fashions to produce 

the usually two traces which enter the perianth , and the 

one to the ovule . 

Thoday (191j) produced figures whi ch illustrate 

that the vascular supply to female flowers and associated 

bracts i s  of considerable variety in the genus and these 

suggest that G. gnemon may represent one of the simpler 

types of floral vasculature. Three species are figured 

by Thoday and in these additional traces ,  evidently of 

inverse o rientation , ari se from the bract trace and run 

to the ovule . These same specie s  evidently also di splay 

direct va scular connections to the atele . 
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Va scular supply to flowers in the microsporangiat e  

strob ilus i s  simi lar. In G. gnemon each bract receives 

an independent trace while a second trace , whi ch leave s 

the stele slightly hi gher , divides several times to 

provide the va scular supply of male (and abortive female ) 
flowers asso ciated wi th the b ract . Maheshwari and Va s i l  

( 1 961 ) figure G .  ula , a species  where the trace to each 

flower depart s  from the pract trace rather than from a 

stelar strand whil e  Pearson ( 1 91 2 )  has i llustrated an 

inversely ori ented trace linking the stele directly wi th 

each ovular trace in G. buchholzianum. 
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3. COMPARI SON WITH THE MAGNOLIA FLO� 

I t  i s  clear that Melville ' s  i nterpretation wa s ba sed 

on the si mple ca se such a s  Gnetum gnemon where the supply 

t o  flowers originates on the b ra ct trace . Hi s po stula t i on 

did not ut i li ze the various addit ional traces to whi ch 

refe rence ha s  b een made in thi s account . 

Serious fault can not be found with Melville ' s  

representation of part of an "androgynous inflorescenc e '' 

( 1 963 ) a lthough there are severa l  standpoint s from whi ch 

h i s  derivat ion of the Magnoliaceous flower can be cri t i c 

i zed. 

Melvi lle ' s  representation of Gnetum is in fact an 

inflorescence while hi s drawing of Magnolia i s  of a 

flower. It i s  clear that Melville envi sages each male 

flower of Gne tum a s  being equiva lent to a Magnolia stamen 

and ea ch fema le flower equivalent to a carpe l .  However ,  

too much stre s s  should perhaps not b e  lai d  on these 

interpretations as the diff i cu lty involved may be purely 

one of semant i cs .  

The cort i cal system of the Magnoliaceous flower 

comes into being by the divergence of pa�ts of leaf trace s 

from the central cylinder at point s well below braets 

instead of at the node a s  in the foliage shoot . Once 

the cortical system i s  in b e ing , some of the traces of 

higher appendages are inserted on this syatem. In Gnetum , 

the cortical system does not ari se by the premature out

ward course of the leaf (or collar ) trace s ,  nor is a con

tinuous cort i cal system built up in aucceseive internode s .  

Melvi lle recogni sed the second o f  these difference s  and 
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to overcome i t  drew attention to a peg of va scular ti s sue 

in Gnetum .  He did not indi cate whether thi s peg wa s to 

b e  regarded a s  na scent o r  vestigial f rom an evo lut i onary 

po int of' vi ew .  Hi s sugge stion wa s that the va scular loo ps 

between the o vule and the main stele that have b een 

de scribed in some species of' Gnetum may represent the 

fragmentation of' a cort i cal gallery a lthough even if thi s 

i s  so it is unli ke anything present in Magno lia . 

Melvi lle ' s  interpretation of' Gnetum i s  not inconsi st

ent wi th the facts although whether Gnetum bears real 

similarity to the Glo sso pt eridales , a group of' whi ch 

Melvi lle admi tted that Mvery little i s  yet known of' • • •  

f'ruct if'i cat ions , "  i s  debatable and out side the scope of 

the present i nquiry .  For the rea sons di scu ssed however , 

the interpretation pla ced by Melvi lle on Gnetum , doe s  not 

seem appli cab le to the flowers of' the Magnolia ceae . 
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IV WINTERACEAE 

1. INTRODUCTION 

Because of the po ssession of simple , ent i re , 

alternate leave s and flowers in which there appears to 

be a double whorl of petals , usually numerous hypogenous 

stamens and s i mple , di stinct , uni locular carpels ,  the 

Wintera ceae , a small family of woo dy plant s ,  are usually 

a sso ciated wi th the Magnoliaceae . Leave s however a re ex

stipulate , woo d  lacks ve ssels ,  and stamens lack a pro

truding connective , and these feature s ,  together wi th the 

tendency for carpel s  to be sti pi ta te , condupli cate and 

not differentiated into ovary ,  style and sti gma , have 

resulted in the common current practi ce of desi gnat i ng 

Winteraceae a s  a di stinct fami ly . Hutchinson (1921) 

appears to have been the first to estab li sh the ent i ty of 

the fami ly and the work of Whi taker (1933) and of Bai ley 

and Na st (1945) lends the di stinction support . Hut chinson 

(1959) recogni zed eight genera a lthough evidence pre sent ed 

by Bai ley and Smi th (1942) and Swamy (1949) suggest s 

strongly that one of the se ,  Deseneria , should b e  regarded 

as constitut ing a separate fami ly .  

The conclusion of Bai ley and Nast (1945) that the 

Wintera ceae i s  the mo st primi t ive living angio sperm 

fami ly has received support from some taxonomi st s (e . g. 

Benaon 1957) whi le Eame s  (1961) has stated that i t s  

members "are out standing among angio sperm fami l i e s  

because they show early stage s i n  the hi story of many o f  

the characteri sti c  features of angio sperm morphology. " 

TUcker (1959) and Sampson (1965 ) have each reported 

on various a spects ot tloral morphology in certai n  species 
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and the report s of Leinfellner ( 1 965 , 1 966a , 1 966b ) are 

deta i led account s of the develo pment o� carpel s .  The only 

known account s whi ch pertain specifically to floral va sc-

ulature are those of Bailey and Na st ( 1 943a , 1 943b ) and 

Ma st ( 1 944 ) a lthough these a re by no means exhaust ive 

and make no reference to development of vascular ti ssue . 

The fami ly i s  a south west Pacifi c one , five of the 

genera in fact occurring in New Caledonia , although one 

(Drimzs ) doe s  extend to the Ameri ca s .  Availab le for 

examina tion were the three spe c i e s  of Pseudowintera native 
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to New Zealand ( P. axillari s ,  P, colerata , and P.  traversi i ) , 

Drimys lanceo la ta and D.  winteri var . chilensi s ,  Belliolum 

crassifolium and Bubbia howeana . In the de scripti on 

whi ch fo llows empha si s will be pla ced on P. axi llaris and 

D .  h inte r! va r. chi lensis , mainly b ecause fresh flowers 

and buds could b e  ob ta ined in almo st unlimited supply . 

In a ddit ion , Belliolum crassitolium, which ,  b ecause of 

the presence of a cortical va scular sy stem in the �lower , 

a ppears to stand apart from the re st of the fami ly ,  will 

b e empha si zed separately . 



2 . FLORAL VASCULATURE 

i .  General 

The conducting ti ssue of the primary stem 

compri ses a stele of between 20 and 50 normally ori ented 

bundle s .  Just b elow each node , three bundles depart 

independently though at the same level , to provide the 

t races of tri laounar node - a feature which seems to b e  

quit e  constant throughout the fami ly .  

Flowers are borne i n  inflorescences whi ch i n  mo st 

cases are axillary a lthough in Bubbia ( and also in �

iolum )  they should perhap s  be regarded a s  terminal on 

sho rt axi llary shoot s .  Bracts whi ch subtend flowers o r  

port i ons of inflore scences i n  mo st cases receive the i r  

vasculature i n  a fa shion ident i ca l  with vegetative leave s ,  

although gaps are not necessarily found i n  a ssociation 

wi th each trace . Smaller bracts and b racteoles may only 

have a single t race . In several speci e s ,  stem branching 

appears to be more frequent than subdivi sion of vascular 

strands and a s  a re sult the number or strands finally 

entering a pedicel i s  variable and may be very small. In 

D .  winter! var . chilensi s (fig. 4· 2 f )  there a re usua lly 

b etween three and six , while in o ther pecies examined 

the number wa s found usually to be two or three .  There 

i s  often some dichotomy ot these , e specially nearer the 

level of insertion of the perianth so that at the level 

at whi ch tracea are provided to the lower floral phyllome a 

the numbe r  ot atelar strands i s  usually b etween three and 

eight . 

The calyx throughout the tamily i s  enti re or lobed 
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and the t races which enter it  do so a s  b ranches from 
stelar strands. One trace is  evidently asso ciated with 

each sepal or calyx lobe although thi s tra ce may divide 

several t i me s  a s  it pa sse s through the cortex . Nast 

( 1 944 )  reported considerab le variabi lity in sepal va sculat

ure in all the species that he investigated in the fami ly. 

In D. wint er! var. chi lensi s (fig.  4. 2t )  the mo st 

common number of traces departing from the stele and 

running to  each petal i s  two although petals supplied by 

three or  even a single t race were noted. In P. axillari s 

(fig.  4. 3b )  the midvein supply i s  of dual origin. 

Each stamen receive s  a single tra ce although again 

in P .  axi llari s (fi g. 4. 3b )  thi s can often be seen to 

have a dual origin. Not infrequently , a strand depa rt i ng 

from the stele divides several time s  in the cortex and 

produce s t races  to several stamens . 

In D .  wint er! var. chi lensi s one trace , crescent 
shaped in cross  section, enters the base of each carpel 

although the preci se nature of i t s  o ri gin from the stele 

cannot be determined in the flower. In each carpel , the 

t race divi de s  into three , a dorsal and two ventrals.  

Flowers of P .  axi llari s provide the suggestion of  three 

traces ori ginating separately in the stele and running 

to each carpel a lthough detai l  of their origin can better 

b e  determined in the b ud. In D. lanceolata one , and in 

Bubbia howeana three traces appear to  enter the carpel 

while three traces enter the single carpel of P. traversi i . 

In the flowers that he examined Nast ( 1 944 ) reported 

instances or two . tour and five traces entering some 

carpels . As Nast indicated ,  most speci e s  di splay a small 

amount of residual vascular t i ssue above the carpels.  

i i . Belliolum crassitolium (fig. 4. 1 ) 

A1though anatomy of vegetative nodes i s  as 
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for the rest of the fami ly , the genua Bellio lum appears 

to be unusual because of the exi stence of elements of a 

cortical va scular system in addition to the normal stele . 

The cort i cal system extends up fro m  traces whi ch 

run diagonally out to provide the va sculature of the 

calyx .  Mo st of these calyx t races ( from 8 to 1 5 in total 

and more than one to each calyx lobe ) o riginate separately 

in the stele and only after they have left the receptacle 

do they divide further to produce the complex vasculature 

of the usually three lobed calyx. From five to nine of 

the traces each produce a n  ascending branch and all such 

branches ana stomo se extensively.  At the level of  the 

insertion of petals  the corti cal system i s  j o ined by 

traces whi ch o ri ginate in the stele.  There a re the same 

number of the se traces as there are petals and each occurs 

on the same radius a s  a petal.  From the cort i cal complex , 

three traces pass out to each petal .  An i rregular and 

weakly developed anastomo si s  of strands continues in the 

cortex above the level of petals.  Some branches of thi s 

end blindly , some provide soli tary traces to lower stamens 

and others fuse with t races from the atele to provide 

staminal traces.  All stamens receive one t race although 

thi s may be of dual origin. 

There i s  no evidence of a cortical  system above 

the stamens . 

Nast reported briefly on flora l  va sculature in 

two species  of Belliolum (B .  haplopsi a  and B. burttianum ) 

and indicated the presence of cortical  va scular systems 

simi lar to , though probably not identical  with that of 

B. crassifolium. He made no mention of corti cal system 

above the petals.  



3• DEVELOPMENT OF FLORAL VASCULATURE 

Thi s was ob served only in D .  winter! var. chi lensi s ,  

P. axi llari s and Belliolum crassifolium. 

i .  Drimys winteri var. chi lensi s (fig.  4. 2 )  

The fi rst va scular tissue to appear in the 

floral bud in thi s species  i s  the supply of the calyx . 
Whether thi s matures acropetally or basipetally ha s not 

been determined,  (fig. 4. 2a ) . Single t races then appear 

at the base of each petal and differentiate in both di rect

ions. Each of these remains qui te di stinct  in the pedi cel 

which therefore mi ght contain at thi s stage between e i ght 

and 20  strands (fig. 4. 2b , c ) . I solated lengths of vasc

ular t i ssue then appear in the base of each stamen (fig.  

4. 2c ) ,  mature basipetally , join with other staminal trace s 

and finally a s  stelar strands,  beco me cont inuous with the 

supply to petals (fig. 4. 2d ) .  Carpellary traces then make 

their appearance a s  three di stinct traces entering each 

carpel and their  basipetal maturation results in the i r  

j oining strands a ssociated with upper stamens (fig.  4. 2e ) .  

By anthesi s ,  general increase in the amount of conducti ng 

ti ssue , which has been continually o ccurring lower on the 

floral axi s during earlier stages ,  has ob scured the 
separate  identi ty of ventral and dorsal t races to each 

carpel (fig. 4. 2f ) . After anthesi a addit ional trace s ,  

each of which may link independently with the stele , 

often appear in both sepals and petals.  



1 i . Pseudowintera axi llari s 

There i s  no evi dence to suggest that the 

sequence of appearance of traces to various whorls in 

thi s species is different from D .  winteri var.  ohi lensi s ,  

although frequently all va scular ti ssue appears almo st 

simultaneously. At early stages (fig. 4. 3a )  two di stinct 

tra c e s  of qui te independent origin, can be seen to com

pri se the midvein of each petal and many of the stamens 

clearly also po s se s s  two di stinct t races.  As wi th D. 

winte r! var. ohi lensi s a large r  number of st rands can b e  

found in the pedi cel at early stage s b ecause strands 

provi ding trace s to petals tend at fi rst to be separa t e  

from tho se a s so ci ated with the calyx , and once again the 

three t ra c e s  to each carpel become fused in the carpel 

b a se �ust before anthesi s .  There i s  a tendency for pet a l  

lat eral s  t o  ori ginate a s  branche s f ro m  the mi dvein supply 

of an adja cent peta l .  By anthesi s there i s  a sub stantial 

development of minor traces running qui t e  randomly 

b etween tho se e stabli shed earli er (fig. 4. 3b ) . 

i i i . Bellio lum ora ssifolium 

Pauci ty of avai lable ma terial rendered a 

complete examination of development impo s sib le although 

a little information ha s  b een gathered. 

Trace s  to perianth members and stelar strands with 

whi ch these are a ssooi ted b ecome vi sible f irst . Traoe s 

then appear in carpels and at the same t i me mo st o r  all 

of the stele above the level of the perianth. Lastly , 

conducting elements appear in the cortex and in the 

stamens. Mo st if not all the corti cal system evidently 

appears simultaneously. 



4. COMPARI SON WITH ��GNOLIACEAE AND GNETUM 

'the corti cal va scular system present in Bellio lum 

ora s s i fo lium i mmediately sugge st s flowers of the Magnol

i a oea e .  However , the co rt i cal system in Bell i o lum appears 

to originate from po int s on tra c e s  to sepals and doe s  not 

ext end below thi s leve l .  Thi s therefo re present s a s i t

ua t i on whi ch ci rcumvent s one of the a rgument s a dvanced 

a gai nst the Magno li aceae b e i ng derived f rom Gnetum-like 

ancestors - the a rgument that b ecause the cort i cal system 

in Magnolia ceae a ri s e s  b e low the lowe r flo ral phyllomes 
i t  can no t b e  regarded a s  axi llary to tho se phyllome s .  

Howeve r ,  i f  the ca lyx i n  Belli o lum were t o  b e  equa t e d  

wi th the strob i lus b ra c t s  ( oollars ) , from five to nine 

memb er s  would be requi red to pro duce the appropri a t e  

numb er of a scending co rt i ca l  st rands . There i s  no 

rea son to suspect a s  many calycine component s a s  thi s 

and i t  would st i ll b e  nec e s sary to e quate stamens wi th 

male flowers. La t e ral conne ct i ons between co rt i ca l  strands 

a re no t repo rted in Gnetum although they re clear in 

Belliolum whe re the co rt i cal system i s  in fact pre ent 

a s  a lat ti ce as ot oourse i s  the tendency in the Magnol

i a ceae .  Petal midveina f ro m  the stele and lat eral & f ro m  

the cort i cal system also sugge st Magnoliaceae whi le the 

o ri gin ot stamen t races in ome case s di rectly from the 

stele and in others purely f rom the corti cal system 

carri e s  the same innuendo , There i s  evidence too that 

in Belli o lum the co rti cal system i s  supplemented from 

the stele at various point s as it is in Magnoli a .  The 

dual ori gin or some of the stamen traces and the ori gin 



of the vasculature of certain petals from both the stele 

and the cortical network are situations very difficult to 

reconci le with the Gnetum interpretation yet are features 

whi ch again recall the Magnoliaceae.  In fact the cort i cal 

system of Belliolum conveys every impression of being 

of the same nature a s  that of Magnolia but of being 

relatively weakly developed. 

Apart from the ab sence of a corti cal system in 

members of the family other than Belliolum the general 

flo ral vascular system shows similarity throughout . The 

dual ori gin of petal and some stamen traces in P. axillari s 

i s  perhaps suggestive of some Belliolum floral appendages 

while the small number of strands in the pedicel i s  

evidently peculiar to all Winteraceae . 

In fairness to Melville , it may be restated that he 

did not cite the Winteraoeae in hi s work. It was cho sen 

here because in accordance with reliable opinion i t  may 

well be more primitive than the Magnoliaceae. It i s  

therefore conceivable that i t  might have b ridged the gap 

between the Magnoliaoeae and Gnetum. Only with respect 

to one feature has thi s b een found a possibility and the 

other cri t i cal obj ections against clo se alignment of 

Gnetum and Angiosperms of the Magnolia type sti ll remain. 

In fact the paucity of a cortical system in a fami ly 

suppo sedly more primitive than the Magnoliaceae could b e  

interpreted as widening rather than narrowing the gap 

between Gnetum and Magnolia . 
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V CALYCANTHACEA.E 

1 .  INTRODUCTION 

The Calycanthaceae contains two shrubby genera , 

Calycanthus from North Ameri ca and Chimonanthus from 

eastern Asi a .  Calycanthus occidentali s and more e spec

ially Chimonanthus frasrans are well known in New Zealand 

a s  ornamentals. Members of both genera tend to b e  

aroma t i c  wi th sho rt ly peti o late , exstipulate , ent i re ,  

decussately arranged leaves. Flowers are b i sexual and 

so litary ,  and consi st of numerous perianth part s whi ch 

tend to b e  spi ra lly arranged ,  five ( Chi monanthus ) o r  

approximately twenty (Calycanthus ) stamens whi ch a re 

inserted nea r  a receptacle rim,  and 1 5-20 di stinct , 

uni lo cular,  uni- or bi-ovulate carpels borne in a fle shy 

cup shaped receptacle . The fru� t i s  an aggregation of 

a chene s largely enclo sed in the receptacle . 

The Calyoanthaceae re sembles the Magnoliaceae in 

the po sse s si on of spi ralled peri anth part s in whi ch 

di st inction into sepals and petals i s  not obvious , and 

large numbers of carpels and in Calycanthus of stamens. 

There is di sagreement a s  to whether or not stamens and 

carpel s  are spi ralled although if they are so , thi s 

cri terion would also suggest Magnoli aoeae.  The cup 
Shaped receptacle , the absence of endo sperm in the seed , 

and the consi stently oppo site leaf arrangement are among 

the cri teria  whi ch have however led some authors ( e . g. 

Po llard 1 908 , Hutchinson 1 959 ) to suggest that the �ami ly 

might more appropri ately be considered among the Ro sales.  

The �amily po sse sse s a n  unusual type o f  vascular 

anatOmT in which �our inverted cortical strands o ri ginate 
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in the seedling and persi st throughout the length of the 

vegetat i ve shoot {Fahn and Bai ley 1 957 , Baltour and 

Phi lipson 1 962 ) .  These supply a pai r  of traces t o  each 

leat , the node ot which might indeed b e  ot a pri mi t i ve 

type { Mar sden and Bai ley 1 95 5 ) . 

The Calycanthaceae was cho sen tor investigation 

fi rstly because of the sugge sted phylogenetic a ssoc i a t i on 

wi th pri mitive groups especi ally the Magnoliaceae and 

secondly because the relationship of the va scular system 

in the vegetative stem wi th that of f loral part s seems 

imperfectly understood. In addi tion the cort i cal system 

does recall the Magnoliaceous flower and it was felt t hat 

the one might b e  mo re rea di ly understood in terms or the 

othe r .  The choi ce of Chimonanthus fragrans and Calycan

thus occidentali s for detai led examination wa s based on 

the tact that both could be obtained fresh near the 

Universi ty and that these two apparently did provide , to 

a consi derable extent , the range of form in the fami ly . 

Especial empha si s wa s placed on t he latter species a s  i t  

appears t o  b e  the more imperfectly known. 

There i s  little publi shed work on flowers in the 

fami ly. Eames ( 1 961 ) rei terates the findings and i nterp

retations of Smi th ( 1 928 ) who apart f rom Worsdell ( 1 908 ) 

seems to have been the only author t o  have concerned 

himself with examination of the whole flower. Schaeppi 

( 1 953 ) pai d  consi derable attention to carpels but hi s 

inqui ry was apparently a i med at obtaining evi dence in 

support of the theory of the peltate carpel rather than 

an ob j ect ive or detailed apprai sal of carpel structure . 
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2 • THE FLOWER 

(i ) Calycanthus occi dentali s 

There i s  no marked di stinction between leaves 

and tepals , tepa l s  and stamens , stamens and carpels (fig. 

5 . 1 ) .  The questi on of whi ch should be regarded a s  lower

mo at tepals and whi ch as vegetat ive leaves i s  largely an 

a cademi c one although tor pre sent purpo ses the uppermo st 

appendages whi ch are di stinctly petiolate are regarded 

a s  the uppermo st leave s .  Above them there is found in 

mo st ca se s a pai r  of smaller oppo sitely arranged append

a ge s  which are herein designated a s  bract s .  They are of 

similar shape to the tepa ls i mmediately above them 

although successively higher tepa l s  b ecome at fi rst 

la rger and then again shorter nearer the andro eoium.  

What would b e  generally regarded ,  again on the grounds 

of shape , a s  the two or three uppermo st ( innermo st ) 
t epals have in fact small margina l  pollen sac s .  Usually 

about 1 5  appendages can be regarded as functional stamens 

in that normal pollen is produced. Inside these there 

a re perhaps a further 15 appendage s the general shape of 

which i s  that of stamens although without pollen sac s .  

The innermo st of the se have a mo re swollen base and i t  

become questionable whether o r  not the se should b e  

regarded a s  non-functional carpels.  Herein, a carpel 

i s  regarded a an appendage whi ch contains a cavity 

( locule ) whether or not there are ovules. In tact the 

o utermost eight of the approximately 20 carpels lack 

ovules and only the remainder appear to be functional.  

A single carpel i s  depi cted 1n fig.  5. 2 .  The style 



i s  two or three times as  long a s  the ovary and whi le i ts 

b a se is  round or oval in cro ss section the terminal port

ion is  very narrowly oval or concavo-convex in ero se 

sectional outline and almo st ligulate in shape . Epidermal 

papillae compri sing the eti gmatic surface occur towards 

the dietal end of the carpel on the ventral surface . The 

extent of thi s sti gma seems variable although usually 

about half way down the style the ventral concavity 

becomes deeper and finally clo ses over.  The top of the 

locule i s  somewhat extended into the base of the style 

although there i s  usually a conspi cuous stylar canal.  

Two ovules which ari se one above the other are attached 

to either side of the ventral midline . They a re clearly 

anatropous although only one of them (apparently always 

the lower ) i s  fertilized to gi ve ri se to the single 

seeded fruit . 

(i i ) Chimonanthus tragrans 

Aga in there i s  no clear di st inction between 

leaves and perianth members although the innermo st six 

to eight differ in shape from the rest being spatulate 

wi th a di stinct stalk whi le the outer members , those 

which are more leaflike , lack a stalk and are of oblanc

eolate-aubulate shape. �though the receptacle i a  of the 

same general form a s  that of Oalzcanthus there i s  a di s

t inct gap between the tepals and the five stamens. 

Between these and the 1 0-1 5 carpels there i s  another much 

longer internode. � carpel s  a s  well aa all stamens 

appear to be functional. 
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3• STEII VASCULATURE 

(Fig. 5. 3 )  

The ba sic vascular structure of the vegetative stem 

in various members of the family , especially in Ch1monanthus 

rrasrans , i s  qui te well documented. Prior to the advent 

of secondary thickening the stele consi sts of some 1 0-1 4 

normally oriented bundles .  (The number varie s  depending 

on the level at which a section i s  cut . ) At nodes two 
bundles depart from the stele and these become midveins 

of opposite leaves. As Balfour and Philipson ( 1 962 ) 

indicate , these are each composed of two fused strands 

the separate identity of whi ch only becomes obvious 

further down the axi s and 1n early ontogeny. The di stance 

over which they are fused is about one internode - some

times more in Calycanthgs ocoidentalis  and less in  Chimon
anthus fragrans. Each trace continues down , usually 

through a further internode , before fusing with another 

stelar strand. 
In the cortex there are four additional bundles  

which are  inverted and found in  all but the three or  four 

1nternode s nearest the stem apex. Thi s cortical system 

ha s been shown by Balrour and Pb111pson to be  completely 

independent of the atele from the time of ita first 

appearance in the seedling. It doe s  not reach close to  

the apical meri stem and cortical strands appear in leaf 
primordia much later than stelar ones.  Shortly below 

each node on opposite side s  of the axi s ,  pai rs of cort ical 

strands are linked by more or less hori zontal connections . 

In Oalrcanthua these appear from six to eight internode& 
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f rom the apex whi l e  in Chimonanthus they differentiate 

later, a re le s s  pronounced and are sometimes even ab sent . 

The lateral veins of leave s a ri se a s  branche s of 

t he cort i cal strands. Two adjacent strands each supply 

one of the lat e ra l  leaf trace s ,  the cortical strands 

i nvolved in a given leaf b eing a pa ir whi ch have � b een 

connected by hori zontal trace s  i mmedia tely below the node . 

Proceeding up the stem it i s  the pai r  involved in a 

s i ngle leaf supply whi ch are connected prior to their 

providing independent lateral tra c e s  of oppo si te leave s .  

In the decussa te a rrangement therefore the supply of a l l  

leaves in any one verti ca l  sector i s  of the same origin. 

Ba lfour and Phili pson rega rd the s tele of Chi monanthus a s  

composed of four sympodial systems each of whi ch suppl i e s  

ha lf the mi dvein of one leaf a t  ea ch node . The corti cal 

system can b e  s i mi larly envi saged i n  both of the speci e s  

examined in the present investiga t i on i . e . a t  each node , 

e a ch cort i cal strand suppli e s  one lateral tra c e .  

The va scula ture o f  axi llary shoots bears a consi stent 

relat i onship to that of the main st em. The cort i cal 

strands whi ch have provided the lateral veins of a leaf 

divide aga in almo st immediately above thi s to produce a 

second pa i r  of t races whi ch inlt ia l ly follow a course 

parallel to the leaf laterals.  Each of the se divides 

again thereby producing the four cort i cal strands of 

the axi llary shoot .  The stelar strands of an axi lla ry 

shoot a ppear to be derived by sub di vi si on of b ranches 

�rom o ri ginally two stelar strands of the parent shoot . 
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4 •  FLORAL VASCULAT URE 

(i ) Oalycanthus o ccidentali s 

a .  Bract s  and Perianth 

Immediately above the uppermo st leaf node the 

four cort ical st rands t end to divi de radially and at the 

leTe l of emergence of the bracts there are usually six 

or seven co rt i cal strands. Radial di vi sion of the stela r  

s t rands at thi s  level resul t s  in a si mi larly large 

number of these . The origin of the va sculature of the 

b ra c t s  i s  similar to that of leave s i . e . traces from the 

stele pa ss out through the cortex to compri se mi dveins 

whi l e  branche s from the cort i cal system compri se the 

lat era l s .  Usually the midvein can b e  seen t o  b e  a dua l 

st ructure origina t ing from two adjacent stelar strands 

although often the connect i on wi th one of the strands i s  

very much more prominent and deTe lops appreciab ly b efore 

t he other. The two cortical strands cont ribut ing lat e ra l  

t races to a b ract are independently l inked t o  adj a cent 

cort i cal st rands immediately b elow the organ by more o r  

1e sa hori zontal c ro s s  connect ion s .  Except in the 

appendages intermedia t e  b etween tepa l s  and stamens , all 

t e pals receive three t race s one of whi ch is in the 

po si t ion of a midvein and the othe r  two of latera l s .  The 

mi dvein is always connected to a stelar strand and the 

laterals always to independent cort i cal strands . As can 
be seen in fig.  5 . 4  the cortical strands involved a re 

always adjacent although each may have ari sen from a 

b ituroat i on a short distance below. As i s  the case lowe r  

down the axi s ,  corti cal strands whi ch supply lateral 
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t ra c e s  are connec t e d  to other cort i cal strands by cro s s  

connections. The se appear appreci ab ly after the different

i a t i on of the ascending strands of the cort ical syste m  

( some four o r  five internodes later ) and occur at the 

po int s of departure from the cort i ca l  strands of the 

lat e ral t races of a ppendage s .  In t hi s  re spect therefore 

the situat ion is slightly different from that ob taining 

lower down the axi s where cro ss connect ions are often 

clo se to but alway s  di stinctly below the departure of 

late rals . The branche s from the stele pa ssing through 

the cortex are clo s e  to the se cro ss connections . In the 

case of the higher tepals although they are at fi rst 

separate they become fused to the c ro ss connections a s  

t he floral bud matur e s .  Tho se inner tepa l s  whi ch t end to 

show evidence of ma rgina l  pollen sa c s  u sually receive 

only one trace and that from the stele (f i gs 5. 4 ,  5 . 5a ,  

5. 5b ) . 

b .  Androecium 

In mo st stamens a double t race , the two com

ponent s of whi ch originate qui t e  independently from 

adj acent stelar strands , can b e  seen in cleared prep

a ra t i ons . Whether the se point s of o ri gin or stamen 

t ra c e s  should in fa ct be regarded a s  the level at whi ch 

the stelar traces b egin to descend , a s  they do in tho se 
many oases of an in£erior ovary where t he stele i s  

recurrent (Douglas 1 944 ) , i s  very doubtful. When they 

first appear after maturing basipeta lly , stamen traces 

are usually j oined to those of the tele almost at right 
angles and it appears to be as  a re sult ot subsequent 

stretching ot stela r  vascular ti ssue during growth that 

etamen traces aaaume their final po i tion in whi ch they 
appear to be downward branches of stelar strands. At 

these points at whi ch stamen traces depart from the 

atelar strands several traces may originate. Usually two 
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on each side of a strand run to stamens and one or two 

more to carpel s  (fig. 5. 5c ) . These three or four traces 

do not always have an exactly common origin; sometime s  

traces to carpels or  inner stamens can be  seen t o  ari se 

a s  branches or the traces to the upper ( outer ) stamens . 

c .  Gynoecium 

As has been stated there are several append

a ges intermediate in appearance between ovule bearing 
carpels and fertile stamens. These are vasculari zed as 

are the stamens ,  that is they contain two vascular strands 

( completely fused at maturity ) whi ch ori ginate from 

adjacent stelar strands. Some of the carpels  nearest the 

stamens are also vasculari zed in thi s fa shion although 

most of them receive only one trace. Carpellary traces 

again mature basipetally but usually join the stelar 
strands , apparently randomly , appreciab ly below the level 

at  which stamen traces depart (fig. 5 . 5 c ) .  About the 

level or the base or each carpel the single oarpellary 

t race (whi ch may o r  may not have a double o rigin ) bifurc

ate s ,  one branch becoming the dorsal and the other the 

ventral t race (fig. 5. 2 ) .  The divi sion of the latter to 
provide the two ventral traces occurs about halt way up 

the locule . The dorsal trace continues round the ovary 

and finally b ecomes  so small as  to be  unrecogni zable in 

the style. The two ventr ls run very close to each other 

near the ventral midline unti l  they also become indi stinct 

in the style , perhaps a little above the apparent upper 

limit  of the dorsal trace . 

(ii ) Ohimonanthus fragran 
The four cortical strands of the vegetative 

portion or the stem usually continue through the perianth 

to the receptacle rim. Occasionally they bifurcate . 

They provide the lateral veins of tepals and are linked 



b y  cro s s  connect ions a s  they are in vegetative regions . 

The strands of the stele also remain unbranched unti l  the 

l evel of the innermo st tepa l s  and they provide median 

t races just as they do lower in the stem . Even the inner

mo st tepals receive three traces . 

Traces to stamens ori ginate from a ring of va scular 

t i s sue whi ch links stelar strands shortly b elow the level 

a t  whi ch median traces to the uppermost ( innermo st ) 
peri anth members depart . Investigati on of younger flowers 

indicates that stamen traces are in fa ct doub le and tha t  

e a ch trace i s  at fi r s t  connected to a single st elar 

s t rand . The developm ent of extra li gnifi ed ti ssue adjac

ent to the se stamen t races give s ri se to the ring on 

whi ch they appear to a ri se at anthe si s.  

Whi lst in mo st si gni fi cant respect s the carpels are 

va sculari zed in simi lar fa shion to tho se of Ca lycanthu s , 

the supply to each carpel i s  mo re conspi cuously a double 

t ra c e  thi s  b e i ng pa rti cularly evident in younger flowers . 

Ea ch component depart s ei ther from a ste lar trace or from 

t he base of a s tamen trace although a ret iculat i on of 

v a s cular ti s sue whi ch develops secondari ly between primary 

e lement s ob scure s the pi cture long b efo re anthe si s .  Wi th

i n  ea ch carpe l the two ventral tra ce s  b ecome di st inct 

very near to the departure fro m  the dorsal trace of the 

common ventral tra ce .  

{i i 1 ) Development 

In each specie s  the first va scular ti s sue to 

a ppear in the flora l  bud is the midveins of the t epa l s  

and the stelar strands wi th which the se are associated. 

Fract ionally later latera l  traces of t epals and with them 

the corti cal system beoome recogni zable although cro s s  

connections between cort i cal strands do not appea r unti l  

much later . The stelar and cort i ca l  ystems and thei r 
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b ranohe s to appendages are well developed before stamen 

t race s make thei r  appearance . Evidence from cleared buds 

indi cates  that there 1 a  another marked pause before carpel 

t raoea appear.  
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TABLE 5. 1 

Appenda ge Angle Appendage Angle 
Number Between Number Between 

(Fig. 5 . 6 )  Appendages (Fig. s. 6 )  Appendages 

1 1 6  
86 1 53 

2 1 7  
89 1 5 3  

3 1 8  
9 3  1 50 

4 1 9  
1 1 2  1 50 

5 20 
1 1 0 1 69 

6 21 
1 07 1 55 

7 22 
1 20 1 73 

8 23 
1 40 1 49 

9 24 
1 28 1 58 

1 0  25 
1 37 1 59 

1 1 26 
1 34 1 44  

1 2  27 
1 27 1 77 

1 3  28 
1 65 1 37 

1 4  29 
1 36 1 98 

1 5  30 
1 49 1 20 

1 6  31 



{i ) Calyoanthus ocoidentalis (fig. 5 . 6 )  

Leaves and bracts are decussately arranged and 
a bi jugate arrangement i s  evident in the lower part of the 

perianth. Above thi s the arrangement appears at f;rst 

sight to be somewhat random although the angle between 

succe s sive appendages t ends to increa se a s  the axi s i s  

a scended ( table 5 . 1 ) . Thus the angle between appendages 

3 and 4 is  93° , between 7 and 8 - 1 20° , between 1 1  and 1 2  

- 1 34° , between 1 5  and 1 6 - 1 49° , between 1 9  and 20 - 1 50° , 

between 2 3  and 24 - 1 49° , and between 27 and 28 - 1 77° . It 

seems reasonable to assume that a geneti c spi ral does  run 

through the perianth a lthough the exi stence of a Fibonacoi 

serie s  or meaningful Fibonacci angles (Richards 1 948 ) 

seem extremely doub tful . The classi cal way of determining 

phyllotaxi a i s  by expre s sing the number of turns in the 

genet i c  spiral over the number of internodes between two 

verti cally superimpo sed leaves and in fig. 5 . 6 it might 

be a s sessed that various pai rs of leave s are superimpo sed 
( e . g. 1 6  and 5, 1 7 and 3 ,  1 9  and 6 ) . But neither the 

number  of internodes between these nor the number of turns 

in the genetic spiral i s  constant . In fact in these 

instances the tractions would be 4/1 1 ,  6/1 4 and 5/1 3 ,  and 

among them only the lat ter i s  a member of the Fibonacci 

serie s .  

Referring t o  tig. 5. 4 it  oan b e  seen that vascular 

anatomy i s  here ot little if anT ial�e in determining 

Ph7llot xis.  If the superimpo sed tepals are to be 

regarded as  tho se who se lateral tr-ees originate from 
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the same cort i ca l  bundle s  the fi gure would i mply tor 

example that t epa l s  7,  1 5  and 22 were theoret i cally super

impo sed. In fact (fi g. 5 . 6 )  they a re not remote from 

e a ch o ther but two different denominators would b e  

re qui red tor the phyllo tax i s  fract i on. Moreover if 

tepals 4, 1 0 , 20 , and 29, also wi th latera l &  of the same 

ori gin are consi de red , the range of denominators would 

b e  rurther ext ended . In addi tion , if para st i chi e s  do 

ex i st , they are c erta inly no t "va s cula r pa ra st i chi e s '' 

( Tucker 1 961 ) .  

Although s i mi la r  in appea ranc e to the leave s b e low 

i t , the perianth of Calrcapthus appears quite i rregular 

from the poi nt of vi ew of a phyllotaxi s fra ction and i t 

can b e  sai d  tha t  tepal s are a rranged on a genet i c spi ral 

t he steepne ss of whi ch vari e s .  A c ri t i cal examinat i on 

o f  the phyllotaxi s of the andro e ci um and gyno ecium wa s 

not found po s sib le but the strong suspi cion remains that 

a ppendages in the se who rls a re a rranged on the same spi ral . 

(i i ) Ohimonanthu s  fragrana (fi g .  5 . 7 )  

F lower s  here a re axi lla ry and whether the 

appendage s ari sing on a floral shoot are t epa l s  or leaves 

need not b e  debat ed in t hi s cont ext .  The lowermo st 

a ppendages are defini t ely decu s sa t e  a s  are the vegetat ive 

l eave s a lthough a s  the floral axi s i s a scended a b i jugate 

pat t e rn become s  evi dent . With the innermo st 1 2-1 8 tepals 

even the b i jugate appearance i s  lo st a s  in tact the 

genet i c  spi ra l  b ecomes more gent ly sloping . Even so 

seri a l  sect i ons reveal that even the uppermo st appendage s 

or the perianth are bi jugately arranged (fig. 5. 7 ) .  The 

va scular system of the floral axi s b ehaves regularly 

while the phyllo taxi e i s  decus sate but i t s  relation ship 

with the hi gher appendage s  reveals no suggestion of 

regularity. There i s  a long internode b etween tepa l e  
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and stamens and although both stamens and carpels  may b e  

spiralled there i s  no anatomical evidence t o  support thi s .  
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6.  CALYCANTHUS FLORIDUS 

In hi s report , Smith ( 1 928 ) confined hi s investig

ation to thi s  species and although a ttempt s were made to  

obtain material for the present inqui ry in order to  

verify Smi th ' s findings , suitable buds had not been 
procured at the time or writing. 

Smith ' s  description indicates  that lower tepals 
ea ch receive three or  rour traces and continue s rather 

too bri efly, "Thus the cortical system di sappears. " 

Eame s  ( 1 961 ) in a description of floral vasculature in 
the genus report s " •  • •  the cort i cal  bundles divide and 

all enter the lowest tepals • • •  " Smith recorded that 

each upper tepal receives three or  four branches rrom 

the stele whi ch at thi s  level is present as  a mesh. 

Solitary veins to each carpel were found to depart from 

the stele near the rim while three veins to each carpel 

were described as originating rrom the vascular cylinder 
as thi s de scend s  round the inner face of the cup . Smith 

also maintained that corti cal strands in the receptacle 

were not inverted. 
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]. SUMMARY 

This i s  confined to the two species  on which ob serv
ations have been made although it  must be  noted that in 

some features Calyoanthus floridus may differ. 
With the exception of the uppermo st three or four 

tepals of Calyoanthus ocoidentalis (whi ch in tact might 

just a s  properly be described a s  sterile stamens ) all 
perianth memb ers in both species receive their vasculature 

in a fashion virtually i denti cal with vegetative leaves .  

That i s ,  the midvein originates from the stele and two 
laterals from the corti cal system. There i s  a tendency 

moreover in b oth species for adjacent corti cal strands 
to be  j oined by transverse connections in both perianth 

and vegetative regions. The potential midvein a s  it  

passes through the cortex is  frequently linked to  cro ss 
connections b etween cort i cal  strands although thi s junct

ion i s  not invariable nor i s  it in evidence when traces 

first appear. Again in both species each of the four 

cort i cal  bundles of the stem tend to b ifurcate as they 
enter the receptacle (more so in Calrcanthus occidentali s ) 
while stelar strands divide only rarely. 

In both species the cortical system,  which evidently 

terminates a s  lateral strands to upper tepals , does  not 
extend b eyond the receptacle rim. It i s  not joined at 

thi s upper level to the stele , the system whi ch provide s 

the entire vasculature of stamens and carpels . 

Another feature common to both species i s  that 

stamens and carpels are frequently vasculari zed by a pair  
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st rands. �though it i s  not possib l e  to describ e nodal 

anatomy in the same fa shion a s  tor vegetat ive appenda ge s ,  

thi s f eature could b e  interpreted a s  sugge sting a suppo s

edly primi t ive b i la aunar condi t i on ( Marsden and Ba i ley 

1 95S ) or a t  lea st b earing some re semb lance to the s i t

uat i on in vegetat ive node s .  In a lat er chapter ot thi s 

the s i s  a very si mi lar type or va scula ture will b e  describ

ed for certa in flora l  appendages among the Ranuncula cea e .  

An unusua l f ea ture i s  that carpel tra ce s , which develop 

last , depart from stelar strands lower on the axi s than 

the t ra c e s  to stamens and upper t epa l s .  Where two t ra c e s  

cont ribute t o  carpel va sculature they beco me complet ely 

fused. There i s  no suggestion that one of them provides 

dorsa l  and the other ventral bundle s .  

Phyllotaxi s of flora l  phyllo me s i s  in ea ch ca se 

s i mi la r ,  arrangement changing fro m decus sat e  to b i juga t e  

to spi ra l .  I n  Ca lycanthus o c c i denta li s there i s  an ab rupt 

change nea r  the base of the receptacle a s  the genet i c  spira l  

b ecome s le s s  steep . The spi ral probably cont inues at 

lea st into the stamina! regi on. Wi th Chi monanthu a  fragrans 

the change in the bra a t s  and perianth i s  more gradual 

and can b e  followed with rea sonab le clarity. There 

appear to be long pla sto chrons between perianth and stamens 

and a gain b etween stamens and carpels and there i s  no 

evi dence of cont inui ty of the gene t i c  spira l .  



8. COMPARI SON WITH MAGNOLIACEAE 

Severa l similarit i e s  w i th members of the Magnoliac

eae a re evident . Vasculature of perianth members i s  

strongly comparable in the two familie s .  The midvein in 

each ari s e s  from the stele while the lat e rals o ri ginate 

from the cortical syst e m .  Adjacent corti cal strands tend 

in both fami lie s  to be connected near the level of depart

ure of t races and to thi s connection the potenti a l  mid

vein i s  frequently j o ined. The uppermo st vegetative 

nodes i n  the Magnoliaceae a l so resemble t ho se in the 

Calycantha ceae in that aga i n ,  frequently the midvein 

comes di rectly from the stele and the late rals f rom the 

cort i ca l  system.  

There is little real evidence of dual origin of 

midveins in the Magnoliacea e  and the cort i cal system doe s  

not extend b eyond the perianth region i n  the Calycantha c

eae . The se sub stantial diff erences provide ana tomical 

evi dence whi ch probably mi t i ga t e s  against clo se a lignment 

of the two fami li e s  and to them may b e  added the perhaps 

more fundamental one of i nvert ed orientation of cort i ca l  

bundle s  i n  the Calycanthaceae and the independence of 

these throughout the length of the shoot . Aa Ba lfour 

and Phi lip son ( 1 962 ) record , " •  • •  the two systems of 

bundles in the mature shoot ari se independently of each 

other f ro m  the ootyledonary traces. " Although not record

e d  in the present investigation, if normal orientation of 

the se bundles doe s  occur in any specie s  or variety in the 

tamily (and thi s wa s reported by Smith ) support would ot 

course be lent to any theori e s  propounding clo ser relat-



ionship between the fami lies .  Apart from thi s possibil

ity, the vasculature in the perianth region might be 

thought strikingly similar enough in itself to warrant 

closer approximation o� the Magnoliaceae and Oalycanthac

eae than i s  accorded by some evolutionary taxonomi sts ,  

a lthough thi s study of vasculature could not be  said to 
contribute anything to the Magnolia - Gnetum que stion. 

From an ob j ective apprai sal of floral vasculature 

in the Calycanthaceae one i s  forced to the opinion that 

perianth members are of the same nature a s  foliage leaves 

although the reproductive appendages may not be .  Never

theless , the origin from two sources of the trace of many 
stamens and carpels of Calycanthus occidentali s does 

suggest some simi larity with foliar appendages while in 
the same species the morphological continuum on which 

all floral appendages can readily be placed might also 

be cited in support of a hypothesi s maintaining basic 

simi lari ty of leaves . b ra ct s ,  tepals , stamens and carpels .  

Footnote 
After thi s section had been completed the 

exi stence of a report on "Vascular anatomy of the flower 

of  certain speci e s  of the Calycanthaceae" (Tiagi 1 963) 

was di scovered and finally procured. Tiagi ' s  investig

a tion was contined to two species  o� Calycanthus (C. fert

� and C, floridus ) ,  species  whi ch in fact were not 

ava ilable for the present inquiry. Vascular development 

was not considered. 
Two of the doubts  that have been expressed about 

the work of Smith ( 1 928 ) are clarified. Tiagi states 

that Smith' s description of normally (rather than inverse

ly ) oriented cortical bundles in the perianth of Calycan

thus floridue i s  "obviously incorrect " while Smith ' s 
-
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statement concerning cort i ca l  bundles b e i ng u sed up in 

the lowe r peri anth is also d eemed fallaciou s .  They a re 

i n  ta ct a rranged after the fashion in whi ch t hey have 

b een de s cribed for Calxcanthus occidentalis . 

The generali t i e s  of Tiagi ' s wo rk are i n  concurrence 

wi th tho se of the present investiga t i on except perhaps 

on one po i nt . Both stamens and carpels a re describ ed 

as receivi ng one t race i n  Calxoanthug fert i lis and � 

f loridu s  yet a s  ha s b e en stated , a dual supply to the se 

o rgans i s  in evi dence in both Calycanthus o c oidentali s 

and Chimonanthus fragrans .  
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PART THREE 

ACHENE AND FOLLICLE 

Chapter VI Ranunoulaceae 



VI RANUNCULACEAE 

1 .  INTRODUCTION 

Of all Ranalean fami li e s ,  the Ranunculaceae i s  
probably the one which has b een sub jected t o  the mo st 

extensive and intensive inve stigation and the one in 
whi ch the answers to several questions are still being 

sought . The family has provided abundant material tor 
proponents ot the peltate carpel theory, tor tho se 

supporting involute folding of carpel margins and for 
the polyaxial theori sts .  It has also provided those who 

oppo se the se views or  offer alternative theori e s  with 
much of their material. Mo st workers have , however , 

confined their investigations to detailed studi es  in 

small a reas and as a result , preci se knowledge of anatomy 
and morphology i s  by no means complete . In the field 

of floral anatomy alone , for example , Fra ser ( 1 937 ) 
reported on a careful study of carpel vasculature in 

follicles of the Helleboro i deae yet the questions po sed 

by the development and o ri gin of these traces and their 
relationship to stelar t races remain unanswered. Melvi lle 
was concerned only with the frequency of the j unction of 

carpellary ventrals from adjacent carpels in flowers at 

anthesis in tour specie s  from three genera. Hi s study 
went no further. In a careful study of the vascular 
system ot flowers and fruit s  of both Aguilegia tormosa 

var. truncata and Ranunculus repens ,  Tepter ( 1 953 ) did 

not pay attention to earlier stages of trace development . 

Hiepko { 1 965 ) was concerned with vascular traces within 

the peri anth members of several species  and in Rohweder ' s  

investigation of developmental morphology ( 1 967 ) ,  li ttle 
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a c count ha s b een taken of va scula r  t i s sue . At pre sent 

the sphere in whi ch informa t i on seems to be conspi cuou sly 

lacking i s  i ndeed the development of va scula r system s , no 

repo rt s of the ini t ial appea rance and sub sequent develop

ment of t ra c e s  pri or t o  anthe si s having been di scove red. 

Pre sent i nve s t i gations have a c co rdingly be en concent ra ted 

in thi s pa rt i cula r sphere , e spec i a lly as it appears a 

f rui tful standpo int from whi ch to appra i se the Gonophyll 

theo ry . 

At lea st since the theory of mo rpho logi cal e qui v

a l ence wa s expounded by Go ethe ( 1 790 ) , the gyno e c i a l  

appenda ge s a chene and folli c le seem a lmo st inva riab ly 

to ha ve b e en regarded a s  of common ori gin. Even tho se 

expre s s i ng opinions cont ra ry to that of mo rpho logi ca l 

e quiva lence of leave s ,  sepa l s , petal s ,  stamen s and 

carpe l s  ( e . g. Neumayer 1 924, Zi mmerman 1 930 ,  Ha gerup 

1 9 34 ,  Grego i re 1 9 35 , Wi lson 1 942 , Meeuse 1 965 ) do no t 

appea r t o  have cont e s t e d  the i ssue a s  far a s  a chene 

and fo l l i cle are concerned. In 1 9 30 in fact , Chut e 

stated ••The ma j o ri ty of b o t ani st s have long since agreed 

that the a chene ha s b een derived from the fo lli cle by 

reduct i on . " The sa me v i ew ha s b een mo re re cent ly ex

pre s se d  by Ea mes ( 1 961 ) who wr1 t e a  ••The folli c le i s  the 

cla s s i cal carpel , the fo rm long since accept ed as the 

pri mi t i ve type , the type from whi ch have b een derived 

vari ous spe c i ali zed type s such as the a chene . " The 

l i t e ra ture in fa ct indi ca t e s  that among suppo rters of 

the cla s s i cal theo ry , o nly Be s sey ( 1 898 ) ,  who b eli eved 

that folli cles were de rived from a chene s ,  oppo sed thi s 

view. In the face of thi s uniformi ty of opinion the 

Gonophyll theory of Melvi lle ( 1 960 , 1 962 ) doe s  pre sent 

a diffe rent and ra the r st riking view. According to thi s 

theo ry the achene i s  rega rded not a s  deri ved by invo lut e 

or convolute folding ot a l eaflike o rgan bea ring marginal 



o r  subma rginal placentae ,  but by folding of a steri le 

leaflike organ , a ''tegophyll , " round an o ri ginally indeP

endent axi llary ,  bifurcating ,  sporangial structure . In 

the modern acheme the fusion of the two pa rt s i s  a lways 

complete and the only evi dence of the primi t ive di chotomy 

i s  provi ded by the ventral carpellary veins (fig. 6. 2 ) . 

On the other hand , whi le certain folli cles and legumes 

can apparently also be consi de red to have thi s origin , 

other s  ( e . g. tho se of Caltha ) are in Melvi lle ' s  opinion 

best explained as origina ting by fusion of a whorl of 

steri le appendages ( tegophylls ) and an alternating whorl 

of afoliate di chotomous ••ovuliferous branche s. " The 

dorsal vein of the folli cle i s ,  a c cording to the theory , 

the only remaining vein of the ancest ral tegophyll whi le 

the ventral s  a re bifurcations from independent ovulif

erous branche s (f i g .  6. 1 ) .  

In developing hi s  theo ry of the origin of the 

Caltha type of folli cle , Melvi lle recounted in some detai l  

the re sults o f  hi s inve st i gations o n  c .  palustri s. Hi s 

ini tial ob servation wa s that the attachment s of the ovulif

e rous b ranche s were " somewhat variable . tt In the folli cles 

that he examined,  all were found to have a simple dorsal 

b undle whi ch "b ifurcates two or three times a little 

below the st i
_
gma . " He also noted that each folli cle ha s 

" a  pai r  of ovuliferous or placenta l  bundles running 

para llel one on each side of the ventral suture . "  

" Usually , "  he stated , " the placental bundles a re not 

attached to the same main branch of the stela r system of 

the tlower a s  the dorsal bundles. • • • • •  The mo st tre

quently o ccurring arrangement i s  for a pair to ari se 

together trom a main b ranch of the stelar me Sh and to 

supply adj acent halves of different follicle s . " The 

applicabi lity of the Gonophyll interpretation of the 

folli cle c learly re sts on thi s ob servation - that the 

90. 



most commonly occurring situation in Caltha palustri s  i s  
that a left oarpellary ventral fo r example i s  fused a t  

some lower level t o  the right ventral of the adjacent 

carpel.  
It seemed clear that if  Melville ' s  hypothe si s were 

to be  tested, the flower of Caltha palustri s would first 
have to b e  examined.  In addition i t  could be anti cipated 
that  o the r speci e s  of Cal tha might offer mo re evidence 
pertaining to the same view and i t  mi ght further b e  

hoped that a clearer overa ll picture would b e  pre sent ed 

by examining flower and f �i t at all stages of their 

onto geny . The o ther species  o f  Oaltha that were examined 
were the two nat ive to New Zealand, c .  obtusa and c .  novae

zelandiae.  They were chosen firstly because both species  

have many fewer stamens than found elsewhere i n  the genus 
and a c co rdingly the vascular system could be expected to 
be less  complex , and secondly because neither is known 

from the po i nt of view of its  flo ral anatomy. Unfortun

ately the only genua referred to by Melvi lle a s  provi ding 

an example parallelling the si tuation in Caltha paluetri a 

i s  Helleborus a lthough it  i s  impli ed that all of the 

Helleboroideae would fit the same pattern. Accordingly , 
thi s study attempts to investigate the floral va scular 
system of Ca ltha palustri s especially f ro m  the po int of 

vi ew of its  development and to supplement the information 

by similarly investigating two other spec i es or Caltha 

and one each of Helleborus and Agui legia.  The latter 
genus in tact was cho sen because the work ot Tepfer 

( 1 953)  clearly indicates  that a t  anthesi s ventral strands 

from adjacent carpels are regularly conne ct ed. Although 

not cited by Melvi lle , thi s flower would surely lend hi e 

theory some support , particularly as  it  is  a memb er o f  

the Helleboroi deae.  

Melvi lle ' s  theory for the origin of the a chene i s  
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qui te dirrerent though no l e s s  unusua l .  According to the 

theory thi s type or carpel ,  whi ch in thi s ea s e  !! a 

gono phyll ,  i s  envi saged a s  ori gi na t i ng by comple t e  rusion 

of two sepa ra t e  element s ,  a learlike t egophyll and an 

axi llary ovulirerous branch ( f i g .  6 . 2 ) .  At l ea s t  a t  

ma turity i n  all instances c i t ed by Me lvi lle , the rusi on 

i s  ab solut e .  Tha l i ct rum aguilegifolium provi de s  the 

flower with who se carpel Melvi lle was espe c i ally concerned , 

a lthough Ranunculus and Anemone are mentioned a s  i llust

rating the same phenomenon. As fo r the folli cle , the 

pre sent invest iga t i on wa s based on a reexamination or 

the spe c i e s  used by Melvi lle and an extensi on of hi s 

ob serva tions pa rt i cularly to earl i e r  stage s of va scula r 

t ra ce development . 
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2 .  CALTHA PALOSTRIS 

i .  Introduction 

Caltha palustris , the Marsh Marigold ,  i s  

introduced to New Zealand and found i n  cultivation and 

occa si onally a s  a weed in moi st situations in various 

parts of the countr7. It is a glabrous herb with a 

perennial , stout , creeping rhizome from whi ch annual 

stems ari se . Leaves are mostly radical with petioles up 

to 25cm. long and with an orbicular or  reniform lamina 

with a crenate margin and cordate base . Nodes are tri

lacunar with three tra ces .  Axillary buds give ri se to 

a erial  shoots on whi ch two or three smaller leaves are 

borne , then terminally a 2-8 flowered cyme . Flowering 

in New Jealand takes place in September-October. Each 

flower consi sts of five or  occasionally six perianth 

members (herein referred to a s  tepals ) , 50-1 00 stamens 

and 1 5-40 carpels .  Floral appendages appear to be 

spirally arranged.  Carpels mature into typical folli cle s 

and in each , virtually all of the 1 0-20 ovules (borne 

in two rows , one each side of the ventral mid-line ) are 

effectively fertilized. 

Five or six longitudinal ridges and a corresponding 

number of furrows provide the corrugated outline to the 

hollow flowering stem. The stele consi sts of the same 

number of Ta soular strands as there are ridges on the 

surtaoe with each strand situated beneath a ridge , 

together with smaller strands para llel to the ridge 

stnnda one of whi ch runs beneath each tux-row. 
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i i . Perianth 

At the ba se of the receptacle , t races to the 

tepals depart f ro m  the stele and the fa shi on in whi ch 

they do thi s i s  very variab le (figs. 6. 3 ,  6 . 5 ) . The 

stelar ri dge and furrow st rands a re in effect uni ted by 

an i rregular ring of vascula r ti ssue , the low po int s  of 

whi ch are j o ined to the ri dge traces and the high po int s  

t o  the furrow t races.  Of the va scula r supply to the 

t epals , the mi dveins o riginate at the point s at whi ch 

ridge trace s j o in the ring. Tepals (fig.  6 . 4 )  a l so 

re ceive a la teral supply , sometime s  f rom the same point 

a s  the midvein , more frequent ly from a point on the ring 

clo se to but di stinct from the po int of o ri gin of the 

midvein. Tha t i s ,  each ri dge trace terminates in a 

t rifurcation , the mi ddle b ranch pa ssing out through the 

receptacular co rtex to become a t epal midvein,  and the 

o ther two diverging to become part of the ring . In mo st 

ca ses the se la t t e r  t races produce t epal latera l s  almo st 

immedi ately and a l so branche s whi ch cont inue to a scend 

the floral axi s (fig.  6. 5 ) .  In fig. 6 . 3 the o rigin of 

the va scular supply to a total of ten t epals i s  depi cted 

and in no two i s  the supply ident i ca l .  

After they enter the ba se o f  the tepals the veins 

t end to fan o ut sli ghtly and although branching of the 

ma j o r  veins i s  not profuse , several small veins commun

i cate between the larger one s .  In many case s the mo st 

lateral of the ma j o r  veins ha s no connect ion wi th the 

o thers (fig. 6 . 4 ) .  

i i i .  Androeci um 

Prom the va scular ring in the lower part of 

the receptacle the stele extends upwards as 20-25 strands 

whi ch maintain approximately parallel course s .  In fact , 

these origina t e  f rom the ring a s  six to eight strands 
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each of which usually bifurcate s ,  some more than once , 

a lmo st immediately. Whi le the point s  a t  whi ch stelar 

strands depart a re qui t e  variable , it would be fai r  to 

sta te that they usually depart near the po int at whi ch 

the furrow strands j oi n  the ring (fig. 6 . 5 ) . At i rregular 

i ntervals each of the s e  strands give s off three , four , o r  

f ive separate b ranche s ,  each o f  whi ch runs t o  a stamen . 
There are also many sma ll strands whi ch p rovi de a ret i c

ulat i on b etween the ma in component s of the stele in thi s 

region. Sometime s  stelar strand s terminate in a stamen 

but more frequently they continue up to provi de the supply 

of gynoecial components .  Stamen t races therefore a ri se 

singly and no branche s are produced o ther than a mult i 

pli city which occur i rregularly in the region o f  the 

anthers . It might be anti cipated that in a ssociation wi th 

the external spiral a rrangement of stamens , the va scular 

system in thi s region would di splay some regularity but 

thi s appears no t to be so . 

iv.  Gyno e cium 

Reference ha s already b een made to the studi e s  

o n  carpel vasculature in thi s specie s  by Fraser ( 1 937 ) 

and by Melvi lle ( 1 962 ) .  Unfortunat ely Fra ser doe s  not 

a ppear to ha ve been e specially concerned with j unctions 

b etween strands unless these occurred i mmediately below 

the insertion of the carpel , and Melvi lle considered a 

total of only eight carpels. It is strongly suspected 

that in F ra ser ' s  i nve stigation only s erial transverse 

sections were examined ,  whi le it seems certain that 

Melvi lle u sed only cleared flowers . 

All of the 20  to 25 carpels are not at the same 

hori zontal level .  In �act although the arrangement i s  

not obviously spi ral , there a re usually at lea st two 

tiers of them (fig.  6 . 7 ) .  In the i r  a ccount s ,  Fraser 
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and Melville have apparently only considered the lowermost 

ones - tho se whose vascular supply i s  not influenced by 

the position or other carpel s . To obtain an a ssessment 

from the same standpoint as  these previous workers , basal 

carpels alone were initially considered in thi s investig

ation. 

The va scular supply of 22  carpels wa s examined. In 

six instance s all traces to a single carpel arose f rom 

a single stelar strand although at lower levels thi s 

strand wa s u sually connected to others. In tour of these 

six oa se s the strand branched twice , firstly to produce a 

dorsal and then at a slightly higher level to give the two 

ventrals ( type a fig. 6. 6 ) . In the other two instances 

t type b fig. 6 . 6 )  all three aro se at the same poi nt . 

In ten carpels a dorsal and one ventral had a 

common origin although again the stelar trace involved 

j oined another lower down. The remaining ventral  trace 

was in five of these a separate stelar strand ( type c 

fig. 6. 6 ) ,  in three it was connected at a lower level to 

another which supplied a higher carpel (type d fig.  6 . 6 ) ,  

and in two instances it wa s a s sociated with an adjacent 

ventral of another carpel ( type e fig. 6 . 6 ) . 
In two cases the ventrals of a given carpel were or 

common ori gin , (type f fig. 6 . 6 ) , while there were four 

instances in which all three traces came from separate 

stelar strands ( type g fig. 6 . 6 ) .  
Fra ser , Melville , and Tucker ( 1 966 ) have performed 

analyses simi lar to thi s although in tabulating results 

ot the three inquiries Tucker refers to only tour types.  
Table 6 . 1 is  essentially a duplication of Tucker ' s  but 

with the results of the present inquiry added.  

In the carpel the dor sal trace , which depart s  from 

the atele appreciably below the ventral a ,  runs st·raight 

and produces only a very few small branches . It runs 



ri ght to the stigma , i t s  end someti me s  producing a mino r  

ana stomo si s or small t race s .  Ventral t races also end 

blindly , but in the ba se of the style . The vasculature 

of the wa ll of the ovary ari se s a s  b ranches from the 

ventral tra ce s  a s  doe s  that of the ovul e s .  Xylem i s  

adaxia l i n  po si tion throughout the l ength of the dorsal 

tra ce whi le in the ventral t ra ce it i s  in the usual 

abaxi a l  po s i tion except nea r the ba se of the carpe l  

and below. Near the b a s e  o f  the carpel ventral tra c e s 

often 1·un very clo se to each other and over a short di s

tance xylem of the two traces i s  almo st confluent , i t  

being di sposed 90° from i t s  po si tion more di stally i n  the 

appenda ge . As ventral tra c e s  enter the receptacle , they 

twi st through another 900 so tha t the xylem come s to li e 

on the adaxial face of the trace . 

Three general point s concerning carpel morphology 

could a l so be made at thi s j uncture . The ventral sli t , 

a lthough· extending about ha lf  way down the ovary , do e s  

not run t o  the ba se - an indi cat i on tha t the carpe l  base 

is  tubula r and may in fact a ri se fro m  a circular meri stem. 

It appears po s s ible that there is a slight degree of 

true fusion of the ventral surfa ce of the carpel wi th the 

axi s ,  and al though evidently deni ed by Rohweder ( 1 967 ) 
there i s  a re sidual apex in the f lowering shoot (fig.  

6 . 8 ) .  

v. Frui t 

Va sculature of the pedicel remains e ss�ntially 

unchanged although individual strands , e special ly tho se 

under the ri dge s ,  b ecome larger with the development 

or some secondary va scular element s .  The supply to 

tepa la a l so remains e ssentially unaltered. The stelar 

atranda above thi s level b ecome thi cker to dittering 

extents .  They also trequently become more undulating , 
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and numerous secondary connecti ons , some or whi ch finally 
become quite prominent , develop b etween them. These 

features comb ine to produce an i rregular latti ce or 
va scular strands (fig. 6. 1 5 ) .  Stamen ab sci ssion follows 

the shedding of pollen and the i r  supply i s  never more 

than a single t race . Carpels  enlarge sub stantially a s  

seeds develop and ventral trace s ,  together with tho se 

with whi ch they a re connected in the stele , become the 

mo st prominent of all floral t ra ce s .  The ventral s  o f  a 

gi ven carpe l , whi ch in flowers a re closely oppo sed over 

a short di stance near the ba se of the carpel , frequently 

appear to be fused in thi s region. Thi s ,  plus secondary 

connections and increased undulat i ons of all strands 

brings about clo ser association or apparent fusion of 

adj acent strands .  

The supply t o  each ovule , whi ch remains a s  a single 

branch from a carpe llary ventra l ,  also increases in si ze 

whi le the va sculature of the frui t wall , still ori ginat ing 

almo st enti rely from ventral trace s ,  become s  much richer 

as a ret i culation ultimately deve lop s .  

vi . Floral Bud ( figs 6 . 9 - 6. 1 1 )  

In the pedicel the ridge strands appear b efore 

tho se of the furrows ,  the lat ter only becoming vi sible 

after considerab le development of the va scular system  

ha s taken place . In each tepal the midveins appea r  first 

and mature basipetally to join the pedi cel strands immed
iately b eneath them. The prominent lateral t races  of 

each t epal also differentiate basipetally but do so much 

later. They finally join the midvein trace appreciably 
below the level of insertion of the tepal where the vasc

ular t i s sue could fairly be termed stele . At the time 

at whi ch these traces are becoming vi sible the vascular 

t i ssue a ssoci ated wi th the more di stal floral appendage s 
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i s  appea ring. Conducting e lement s of stamen tra c e s  a re 

c learly defined before the traces invo lved become connect

ed ba sa lly a nd before any connection i s  e s tabli shed to 

s t rands a ssociated wi th tepa l s  or pedi c e l  a lthough it 

remains uncertain whether pro oamb i um a l so different i a t e s  

i n  thi s aequenc e .  Stamen traces , together with the traces 

of carpe l midve ins whi ch appear only s l i ght ly later , 

beco�e connected vi rtua lly s i multaneously to fo rm i rreg-

ula r pa ra s t i chi e s  remini sc ent of tho se whi ch have b een 

de s c rib ed in certain vegetat ive shoots ( e . g . Gi rolami 

1 9 5 3 ,  Ski pwo rth 1 962 ) . At the same t i me , conne ct i on i s  

e stabli shed ei ther wi th the la te ra l t epa l tra ce s  o r  the 

pedi cel s t rands . Thi s is a ca se where it appears clear 

that the s t e le is compo sed enti rely of the tra c e s of 

a ppenda ge s (f i g .  6 . 1 6 ) .  The re i s  nothing at thi s stage 

t o  di s t i ngui sh carpellary do r sa l s  fro m  stamen t races.  A 

mo s t  no t i ceab le fea ture i s  that t he va s cular r i ng a t the 

ba se of the receptacle i s  i nco mplete (fig.  6 . 9 )  i . e . 

sta mens a re in five groups each of whi ch corre sponds 

to a s i ngle t epal and ea ch of whi ch i s  a ssocia t ed wi th 

o nly one pedi cel s t rand . The u sua lly short di stance s  

b etween b ranche s from a d j a c ent pedicel st rands a re soon 

b ri dged by va scula r  t i s sue and at about thi s t i me ca rp

ellary ventrals a l so make their a ppea rance . The se differ-

ent i a t e  ba aipetally and usua lly j oin the basa l  port i on 

of a t ra c e  t o  one of the hi gher stamen s .  At thi s stage 

the s t e l e  above the tepa l s  consi sts of st ra ight ,  a pprox

i mat e ly pa rallel , unconnected strands .  In the lower pa rt 

or t he i r  course ,  these provi de the va sculature or four o r  

five sta mens and whi le some termina t e  a s  carpel . .  midveins , 

and some a s  carpel ventra l s ,  a few do not extend above 

t he highe st stamens. The furrow traces in the pedi cel 

do not appear unti l  thi s stage .  

The evident ly random deTelopment or secondary 
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conne c t i on s  b atween stelar t ra ce s ,  and the development 

or undulat i ons in them near the ca rpe l s , are the ma i n  

change s a s  the bud f urther i nc re a s e s  in si ze and open s .  

Pho t o gra phs o f  sub se quent va scular deve lopment are 

shown i n  fi gs 6 . 1 2 - 6.15. 
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!..!_!!!�rod_�ct!_Q.�. 
Caltha novae-zelandiae i s  one of two endemi c 

speci es of Caltha found in New Zealand. It i s  the more 

wide spread and perhaps the b etter known, being not un

common i n  moi st montane and subalpine grassland and herb 

�ield in all three i slands . It i s  a much smaller plant 

than C��lust ri s though essentially of the same growth 

form. Leave s ,  whi ch are all radical , are of ovate order 
with a di stinctly cordate , often membranous ba se and an 

emargina te apex. Flowering stalks are devoid of vegetat

ive leave s and at maturity a re about 1 0cm. long. Each 

bears a solitary flower. There are most commonly six 

t epals each of whi ch i s  conspi cuously three-nerved,  of 

linear-lanceolate shape and about 1 cm. in length. There 

a re 1 0-1 5 stamens and 5-1 0 carpels each with 6-8 ovules , 

1 -4 of whi ch finally appear a s  seeds in the folli cle . The 

receptacle i s  flatly dome-shaped and the vert i cal di stance 

between the tepals and lower carpels i s  usually less than 

1 00)1. 

i i . _�!ow�� (fig. 6 . 1 7 ) 

The pedicel i s  not ridged and nei ther pedicel 
nor receptacle i s  hollow. There are the same number of 

strands in the pedicel a s  there are tepals . There i s  a 

ring of vascular tissue at the base of the receptacle 

beyond which pedicel strands do not extend and �rom which 

tepal traces ari se at or very near the points o� junction 

ot pedicel strands and ring. The three t race s to eaoh 
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t epa l seem a l l  to ari se at thi s  o ne po int . 
The st e lar t i s sue above thi s level al so ori gina t e s  

from the ring b ut mo st frequent ly nea r  the mi dpo i nt 

b etween two t epal s .  Several t ra c e s  depart f rom here and 

the deta i l s  of thei r int errela t i onshi p a re no t a lways 

ea sy to det ermi ne . It appea r s  however that one , two ,  o r  

three o f  the t ra c e s  departing f r o m  near thi s po i n t  run 

t o  stamen s . A few or the se b i furcate and supply t wo 

st amen s . Stamens are va sculari zed by a soli ta ry t race . 

Other t race s  o ri gi na t ing from near thi s same po int run 

t o  carpe l s  and mo st or the po s sible variations of t race 

arrangement appa rent ly o c cur. Perhaps mo st common ly a 

carpe l  receive s a ll of i t s  va s cula r supply ( two ventral 

t ra c e s and a do rsa l ) from a single t race whi ch leave s  

t he ring i ndependent ly , b ifurcat e s  once a t  the b a s e  of 

the carpel t o pro duce a do rsal t race and a common ventral , 

thi s la t te r sho rt ly b ifurcat ing again to produce the two 

vent ra l s .  In some i nstance s the single t race t o  a carpel 

give s  a b ranch whi ch rune to a stamen and in o th e r s  a 

b ran ch o r  b ranche s t o  a second carpel .  On the o t her 

hand ca rpe lla ry t ra c e s  may j o i n  the ring independent ly 

o r  b e  independent ly connected t o  stamen t ra ce s  o r  to 

tho se of ano ther ca rpe l .  Some ot the type s whi ch have 

b een ob served in the current i nve s t i ga t i on are repre s

ent ed in fi g .  6 . 1 8. 

i i i . Frui t 

As the f rui t mature s  the pedi cel st rands , the 

ring , and the t ra c e s  to ca rpe l s b e co me thi cker a lthough 

there i s  no development of secondary s t rands . At thi s 

stage i t  become s  clear tha t on ly the vent ral t ra c e s  con

t r ibut e  to the va s culature of the frui t wal l  and the 

supply to the seeds .  
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i v .  Floral Bud 

The fi rst va scular t i ssue to appear i s  that 

in the pedi cel and t epal s. At the se s i t e s  different iat ion 

i s  si mult aneou s and the tepal lat e ra l s  a re not appre c

i ab ly lat e r  than the mi dve i n .  I so la ted element s of va sc

ular t i s sue then appea r at the base ot the stamen s and 

the se i nc rea se in longi tudi na l di mensi on to become what 

a re clearly stamen tra c e s .  Some of them tu se and all 

b e come connected by b a sipe t a l  maturation to a pedi cel 

strand ne ar the po int at whi ch t epa l t ra c e s  depa rt . The 

do rsal t ra ce then appears i n  ea ch ca rpel and thi s matu re s 

downwa rd s a nd e i th e r  fuse s wi th the ba se of a stamen 

t race or j o in s  the ring i ndependent ly. Carpe llary vent

ral s  appear la st of all ma j o r  t race s in the flowe r .  

The i r  b a sal fu sion and/o r the i r  fre quent fusion wi th the 

do r sa l  t race evi dently ocaurs a s  the t ra c e s  be come thi ck

e r  wi th increa sing age ( f i g .  6 . 1 9 ) .  

�· Co�ari son wi th C .  pa lustr1 s 

1 .  Ins t e a d  of the ho llow , externally ri dged 

pedi cel and the dome shaped recepta cle of c .  pa lustri s ,  

the ped i cel of �-nova�=ze�andia e  i s  sol i d  and round i n  

out line , whi le the receptacle i s  much flatter. 

2 .  There a re the same numb er of pedi cel st rands 

a s  there are tepa l s  wi th ea ch st rand co rre sponding in 

po s i t i o n  to a t epal in Q� nov�e -ze landi ae . The connection s  

b e tween the se found i n  C . pa ±�stri s a re ab sent . 

3. The undulating ring of va scular t i s sue whi ch 

c an b e  regarded a s  connecting ve rti cal strands at the 

b a se of the recepta cle i s  strongly comparab le in the two 

spe c i e s .  

4 .  In Q�-��yae-zelandiae tepa l s  always have three 

conspi cuous trace s of common o rigin whi le in c .  paluat ri e 

there are a la rger number of t ra c e s  of more i rregular 
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ori gin.  

s .  Although there a re many f ewer stamens in � 

�OV!�=ze!�ndia� , in b o th specie s  they are va sculari zed 

by a single trace and there i s  some simi lari ty both in 

the j unction of the se t race s wi th o ther stamen trace s 

and thei r ultimate connection wi th the vascular ring 

(figs 6 . 1 6  and 6 . 1 8 ) .  There i s  moreover ,  similari ty in 

the gene ral development of conducting t i ssue above the 

ring although the many f ewer appendage s render the 

va scular system in thi s region far le s s  ext ensive in 

c .  nova e- zelandi a e .  

6 .  Carpel t ra c e s  a t  anthesi s are strikingly di ff

e rent in that the three t ra c e s  to a carpel usually have 

thei r origins a s  a vi rtual t rifurca t i on in c .  novae

�elandi a e  whi le in the o ther specie s  the three di splay 

thi s a rrangement much less fre quently . At earlier 

stage s the carpel t race s in c .  pa lust ri s a re sepa ra t e  

fo r some di stance below the carpel ( through many stamen 

internodes ) . A given strand to a seri e s  of stamens 

whi ch terminate s a s  one of the thre e to a carpel ma y 

ori ginate from the ring a s  a single strand or more 

commonly be a product of a bifurcation a short di stance 

abo ve the ring. If thi s extensive axial vascular system 

of the androecial re gi on of c .  palustri e were telescoped 

almo st to non-exi st ence {thi s would b e  consi stent wi th 

a flattening of the receptacle ) the condi t ion a rrived 

a t  would be e s senti ally tha t  found in c. novae-zelandi ae , 

(fig. 6 .  20 ) . 
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���THA OBTUSA 

Thi s speci e s  appea r s  i mperf e c t ly known , flowe r s  

b e ing de s cribed o nly bri efly and ma ture folli cle s re co rded 

a s  "not seen" by All an ( 1 96 f ) • Fo r t he purpo se s of the 

pre sent i nve s t i ga t i on three plant s we re collected and 

grown under gla s shouse condi t i on e .  Unfo rtunately only 

one flowe r appea red but thi s wa s gathered j ust pri or t o  

anthe e i e and cleared in the usual fa shion. 

Qa ltha ��tuea i s  in fact very simi lar to Q. nova e� 

zelandi a e  i n  almo st every respect a l though in mo st of i t s  

vegetat ive feature s and in the si ze of the plant genera lly 

i t  i s  s l i ghtly smaller. Leave s a re perhaps b ro a de r  and 

a re ma rkedly crenate in out line . Sepal s ,  green o r  ye llow

green in c .  novae-zeland1 a e  a re i n  c .  ob tuea whi t e  and 

rather b ro a de r .  There are probab ly three o r  f our fewer 

s tamen s .  There seems no rea son to a s sume that mature 

folli cle s would be di ffe rent in the two spe ci e s .  

In the f lowe r examined there were five strands i n  

a so l i d  pedi cel and five tepals o n  the same radi i a s  

the se s t rands .  The o ri gi n  o f  t epa l veins di d no t seem 

to b e  as regula r as in c. novae-zelandi ae and the numb e r  

of ve i n s  in e a ch vari e d .  Agai n  the re wa s a n  apparent 

ring of va s cula r  t i s sue at the b a se of the receptacle 

although the stamen and carpel t ra c e s  whi ch a ro se f ro m  

thi s approxi ma t ely mi dway b etween the t epa l s  see med to 

di splay greater regulari ty than i n  the o ther spe ci e s .  

One c a rpel a ro se b etween each pai r  of t epa l s  i n  addi t i on 

to two o r  three stamens . In e a ch ca s e  the three vei n s  

o t  a c arpel a ro se a t  the same po i nt o n  the ring - the 
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point at whi ch stamen t races also aro se .  The va scula r 

system of the �lower i s  depi cted in fi g .  6 . 21 . 

It waa unfortuna te that mo re flowers together wi th 

floral buds were not availab le for examinat ion although 

the information that ha s been gleaned indi cates that the 
two New Zealand spe cies of Caltha very clo sely re semble 

each other. 
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5.  HELLEBORUS NIGER 

i .  Int ro duction 

Wel l  known as the wi nte r  ro se , thi s spe ci e s  

i s  int ro duced t o  New Zea land and grows readi ly i n  cul t i v

a t ion. F lowe r s  are usua lly b i sexua l and con si st or f i ve 

outer perianth members , herein t e rmed sepal s ,  an inder

inite numb e r  of pouch- l ike ne otari e s ,  an inderini t e  numb e r  

o f  stamens and usual ly five free fo lli culate carpe l s .  

Hut chinson ( 1 948 ) i nclude s both Cal tha and Helleb o ru s  i n  

the Hel leboro i deae a nd they gene ra lly se em t o  b e  rega rde d 

a s  clo s e ly re lated gene ra . 

i i . Va s cula ture of the F��we r 
Five no rma l ly o r i ent e d  va s c ula r t race s run in 

t he pedi cel and the se give ri se di re c t ly to the va scula t 

ure of each sepa l .  I n  the sepal there i s  usua lly a pro m-

inent mi dvei n  ( the cont i nuat i on of a pedi cel bundle ) 
toge ther wi th several la t era l  ve ins mo st of whi ch ari se 

fro m  the mi dvein a lthough there i s  considerab le va ri ab i l

ity (f i g .  6. 22 ) .  Sho rtly b elow the po int a t  whi ch pedi c e l  

t ra c e s  turn o ut through t he recepta cula r cort ex , e a ch 

pedi c e l  s t rand produce s a pa i r  o f  b ranche s .  The se 

dive rge t o  e i ther side of the ped i ce l  t race , fo llow a 

di agona l course through the b a se of the recepta cle , and 

then frequently ruse wi th a simi la r st rand o ri gi na t i ng 

a s  a b ranch of the adj a cent pedi c e l  strand. Thi s fusion 

may o r  may not b e  ab solute in the f lower but a t  a l l  

event s ,  atter a vert i ca l  di stance o f  about 200p the se 

two t ra c e s a ga i n  separa t e  and follow dia gona l course s 
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b a ck towards the radi u s  at whi ch t hey o ri gi na t ed fro m  

t he pedi cel s t rand , b u t  now above the leve l of inserti on 

o f  the ·sepa l s .  So meti mes i n  fact they come c lo se to , 

and even fuse wi t h , the st rand whi ch ori gina lly departe d  

from the same pedi cel strand b e low t he sepa l .  Above e a ch 

sepal the strand s  a gain turn and cont inue the i r  course 

through the uppe r  region of the re cepta cle . Part i cula r ly 

i n  the lowe r pa rt of thei r course , t hey oft en b i furca t e  

and they a l so g i ve small b ranche s whi ch run i ndependent ly 

up the s t e le f o r  sho rter di stanc e s .  The se la tter b ranche s 

i n  fa ct provide the va scular supply of nect a ri e s  and 

some lowe r sta men s .  The co urse of the larger st rands i s  

an undulat i ng o ne , a dj acent s t rands frequently givi ng 

the i mpre ssion of b e i ng fused o ve r  sho rt di stance s .  

The se po int s  o f  fus i on seem a l so t o  b e  po int s a t  whi ch 

stamen t ra c e s  ( and lower down so me ne ctary t race s ) j o i n  

the stele . Bo th stamens and nectari e s  re ce i ve a si ngle 

trace . 

The ori g i n  of the va scular supply to the five carpe l s  

i s  hi ghly va ri ab le although a l l  c a rpe l s  re ceive three 

t ra c e s .  By following the strands involved down through 

the andro e c i a l  port ion of the flo ra l  axi s ,  i t  i s  u sually 

po s sible to i dent ify ea ch of them wi th one of the undul

at ing strand s a lthough the fre quent fusion or a p proxi ma t i o n  

o f  the se st rands , e spe cially j us t  b e low the carpe l s ,  

tends t o  ob s cure thi s .  

i i i .  Frui t 

Pedi cel strands and the t ra ce s of the sepa l s  

b e come much thi cker a lthough the re i s  no change i n  thei r 

po si t ion. Mo st of the a scending strands above thi s leve l 

also beco me thi cker and fusions wi th tho se adj a c ent to 

them b e co me mo re st riking. The few a scending s t rands 

whi ch supply only ne ctar1 e s  and stamens remai n  unchanged 

1 08 .  



even after the ab sci ssion of the organs they supply. 

Secondary connect ions between stelar strands above the 

nectari e s  appear randomly . 

i v .  Floral Bud (fig. 6. 27 )  
Strands or the pedi cel , whi ch appear only a 

little before sepal traces ,  compri se the first vascular 

t i ssue to appea r  in the flo ral bud.  Thi s i s  followed by 

that of the nectaries whi ch differentiates ba sipetally . 

Stamen traces ,  then carpellary dorsals fo llow (t'ig. 6.  2 3 )  

and the bases of the se fuse to form the atelar system 

of the upper portion of the flower (fi g .  6. 24 ) .  When i t  

fi rst appears , the vascular system compri sing the stele 

in thi s region consi st s of approximately straight 

parallel strands . Their occasional ba sal fusion and 

their connections to the pedi cel strands appear at about 

the t i me a t  wh i ch dor sal carpellary tra ces appear.  The 

stelar st rands , approximately parallel at the time of 

the i r  e stabli shment , become more and mo re undulating 

(fig. 6 . 25 )  unti l  at the time the bud b urst s ,  some have 

approached each other so clo sely at certain point s that 

they should a t  thi s stage be regarded a s  partia lly fused 

(fig.  6. 26 ) . The se fusions become more abundant and 

more obvious as the flower and frui t mature . 

v. Compari son wi th Caltha 

The re are obvious external difference s .  Fo r 

example in Caltha the prominent nectari es are ab sent and 

in c. palust ri s and indeed in mo st o ther species of the 

genus (Hill 1 91 8 )  there are many more than five carpels.  

There seems no e ssential difference between the 

two genera in va sculature of the pedi cel or the perianth 

members. There i s  further similarity in the o ri gin of 

vasculature of the upper part of the flower whi ch in each 
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ca se ari ses from the pai rs of st rands departing from 

below the outer perianth who rl. Al so in eaoh ca se , 

b ranche s o ri ginat ing from a dj a cent pedi ce l  st rands 

approach each other and even fuse to contribut e to the 

formation of a va scular ring .  Thi s i s  pa rti cularly 

prominent in Caltha but b eca use of the steeper path taken 

by the s t rands , no t qui te as stri king in Helleborue . 

From thi s po i nt in Hellebo rus there i s  a tendency for 

the strands to run b a ck to the regi on above each sepa l 

although bo th i n  Helleborus a nd in Caltha pa lustri s i t  
i s  from thi s po int that the stele of the upper part of 

the flower o r i gina t e s .  

Th e  a scending strands b e come undulat i ng t o  produce 

a mo re or less regula r  reti cula t i on in Hellebo rus whi le 
in Caltha pa lust ri s it i s  secondary connec t i ons b etween 

st rands whi ch contribute parti cularly to the mature , 

more i rregula r  pa t t ern of stelar t i ssue . At anthe si s 

the i rregula r fusi on of carpella ry vent ra ls b e low the 

ca rpe l s  i s  st rongly compa rab le in the two genera . 

The re i s  marked simi la ri ty in the sequence of 

matura t i on of va scular t i s sue in the flora l appendage s 

and when that t i s sue fi rst appears the pat t e rns are 

almo st indi s t i ngui shab le .  
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i .  Introduction - -- - �- ·-· -· - - -- �· - - -

The species cho sen wa s Aguilegia vulgar.i s .  

Eame s ( 1 9 31 ) and Tepfer ( 1 953 ) have each paid  consider

able attention to �· rormo sa var .  truncata and although 

the current inquiry intends to place more empha si s on 

earlier stage s of va scular development , it wa s felt that 

a speci e s  on whi ch very little information appears t o  

be documented,  might , a s  well a s  providing the re qui red 

information ,  provi de at lea st some insight into variation 

wi thin the genus.  

! i • - �!Cl!'�� (:fig. 6 . 28a ) 
In the pedi cel the re are :five strands , one 

below each o:f the :five sepals.  Sepals  ea ch receive three 

traces whi ch ari se at the one point - the upper extremi ty 

of each pedi cel strand. Each pedi cel strand spli t s  in 

fact into five , the middle three o:f whi ch pass  out 

through the receptacular cortex to the sepal s ,  whi le 

the two outer b ranches diverge widely and pursue diagonal 

course s  through the receptacle . Each of these j oins  a 

strand diverging from an adj acent pedicel strand , and 

the single strand so produced immediately pa sse s  outwards 

a s  a petal trace.  Each strand diverging from the pedi cel 

a l so produces an a scending strand prior to thi s j unction. 

Ten approximately parallel strands therefore compri se 
the stele from whi ch all floral appendage s other than 

sepals are vasculari zed. There i s  moreover � -vert i cal  

row , an  ortho sti ohy {sensu Snow 1 955 ) ,  or :floral append-
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ages on the same radius a s  each of the �ive sepal s  and 

another on each of the five radi i in between the se . In 

the rows di rectly above each sepal the lowermo st append

age i s  a petal and the upper four or five a re stamen s ,  

while on the rows in between the lowermo st two a re petals 

the remaining three or four being stamens. Petals and 

stamens each receive two trace s one �rom each of two 

stelar strands and except in the ca se of tho se peta l s  

above the sepa l s  where t race s rema in di stinct , the contrib

uting trace s a re completely fused in the appendage . The 

five folli culate carpels are alternately arranged with 

re spect to the sepals and the dorsal vein receive s two 

branches in the same way a s  doe s  the stamen i mmedi ately 

below i t .  The carpellary ventra l s  depart at a slightly 

higher level each appearing to b e  a continuation of one 

of the stelar strands. All such strands terminate in a 

carpellary ventra l ,  there being no b ranching in their  

production and no va scular t i ssue extending above the 

carpels.  

i i i . Fruit 

In mo st ca se s ,  ventral trace s from adj acent 

carpels become linked a s  the frui t mature s and addi tional 

s t rands may appear in the pedi cel. The only o ther change 

involves the pronounced development of sclerenchymatous 

t i ssue parti cularly to the outside of each strand. At 

dehi scence thi s t i s sue may in fact form a complete  ring 

round the stele . 

i v.  �!�!'�! Bud {fig. 6 .  28b ) 
The first strands to make thei r  appea rance 

a re tho se of the pedi cel and sepals .· The next pha se in

volve s the almo st simultaneous appearance of all the 

stelar ti s sue involved in the supply of petals ,  stamens 
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and carpel s  with the exception of carpellary ventra l s. 

There i s  however a strong i mpre s sion that a single trace 

in ea ch petal and stamen appears fi rst , and matures 

ba sipetally , while the second that suppli e s  the appendage 

at maturity differentiates slightly later. Carpellary 

do rsa l s  appear sli ghtly later than stamen trace s  but 

again one of the b a sal connections appears before the 

other.  Carpellary ventrals are the la st traces to appear. 

v ._Q�J!lpar! ���-"!i th Cal tha 

There are sub stantial differences in external 

morphology and corresponding ana tomi cal difference s 

internally. Unlike Qalt� for example , Agui legia !�±s�ri s 

di splays two di stinct types of appendage in the peri anth. 

The regulari ty of the arrangement of conducting 

t i s sue i s  in  marked contrast to Caltha and also to Helle

��ru!• Moreover,  at no stage in development i s  the 

vasculer  system clo sely comparable wi th that of the other 

genera . Certainly there i s  simi larity in the pedi cel ,  

the outer floral whorl , and the fa shion in whi ch strands 

leave each pedi cel strand to become clo sely associated 

wi th one from an adjacent strand. I t  i s  also true that 

above thi s level strands tend to be  roughly parallel at 

lea st when the flower is  young and that there i s  one 

t race in eaoh stamen and three in eaoh carpel. In fact 

the se rather broad simi lari ties  together wi th the simi l

ari ty of sequence of differentiation of va scular t i s sue 

are perhaps of greater signifi cance than such obvious 

differences as the double origin of stamen and carpellary 

dorsal t races.  
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7• FOLLICULATE FORMS - DISCUSSION 

The floral va scular system of the species cited by 

Melville has been subj ected to examination in some detai l ,  

and two more species in the same genus together with a 

speci es  from each of two related genera have also been 

investigated.  Even thi s provide s a broader pi cture than 

does Melvi lle ' s  work although clearly the total range of 

variation of vascular systems in the sub-family would 

almo st certainly be much greater than encountered so far.  

However the following features which occur in a ll species 

do emerge . 

1 .  Except in the ca se o£ Caltha palustri s where 

small strands appear between pedi cel strands at a com

paratively late stage , there a re always the same number 

of pedi cel strands as there are outer perianth members . 

2 .  At its  upper extremi ty each pedicel strand 

trifurcat e s .  The two outer branches run diagonally 

across  the receptacle and the middle one provides all 

or most of the vasculature of the appendage . If any 

t ra ce appears before others it  i s  the mi dvein and all 

traces mature basipetally. 

3. The strands whi ch run diagonally join, or 

especially early in thei r  development come close to , 

tho se from adjacent pedicel strands. Thi s provides the 

"ri ng•• in Caltha and although essentially the same in the 

o ther genera the greater angle between i t s  components 

and the pedi cel strands from which these a ri se , presents 

a slightly different pi cture . Moreover , although not 

obvious i n  Aguilegia , these t races shortly move apart 

1 1 4. 



again and tend to return towards the same radius a s  the 

perianth member with whi ch they were at fi rst a ssociated. 
Thi s  conveys the i mpression of a leaf gap associated 

wi th the appendage although because only pri ma ry strands 

are involved the gap i s  not of the classi cal appearance . 

4. The stelar ti ssue whi ch a scends beyond the 

outer peri anth , in all ca ses origi nates at or near a 

point mi dway b etween outer peri anth members. The strands 

compri sing i t  may bifurcate a lmo st i mmediately but at 

least when they first appear they tend to maintain an 

approxi mately parallel course into the carpels.  

5.  All folli cles ob serve d ,  essentially receive 

thre e  t race s although the se may become part ly fused by 

anthe si s .  

6 .  Stamens,  and i n  Helleborus nectari es , and i n  

Aqui legia petals , all contain one trace whi ch in develop

ment mature s  b a sipetally .  In all oases the stele in thi s 

porti on of the flower give s the impression of b eing made 
up enti rely of the aggregation of appendage traces.  

7 . Fro m  the point of vi ew of vascular develop-

ment and relation to the stelar ti ssue , oarpellary dorsa ls 

are in each case identi cal to stamen t race s .  

8 .  Carpellary ventral s ,  in each ca se the la st 

ma j o r  t races to appear , mature in mo st ca ses to j oin 

a trace supplying an upper stamen. 

The accuracy of Melv1 lle ' s  ob servations on mature 

flowers of Caltha palustri s i s  questioned. Hi s comment 

on variab i li ty in the point s of attachment of ttovulif

erous branches "  in mature flowers i s  incontestab le but 

i t  cannot be said that the lateral trace s from adjacent 

carpels j o in below the carpels more frequently than they 

di splay any o ther a rrangement . SUch an arrangement un

doub tedly doe s  occur but i t  i s  comparatively rare tor 

such tusing lateral s  not to show evidence ot their 
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essential independence again, a li ttle further down the 

stele ( ti g. 6 . 6 ) .  At earlier stage s  these strands do 

appear a s  separate entities (tig. 6 . 1 6 )  and i t  i s  here 

contended tha t  fundamentally , three strands are a ssoc

iated wi th each carpel. The flower,  and as tar as i s  

known the flo ral bud of the two New Zealand speci e s  of 

Caltha lend the content ion support whi le the ori gi n  ot 

carpel vascula ture in Helleborus appears in development 

to b e  very s i mi la r  to Caltha palustri s ( compare fi g .  6 . 27c 

wi th 6 . 1 6d and e ) . I t  would be diffi cult to beli eve that 

lateral traces from adjacent carpe ls in Agui legia even 

at anthesi s could ever be in di rect continuity ( f i g .  6 . 28 ) .  

Fra ser ( 1 9 37 ) examined folli cles fro m  many genera and 

apart from Caltha palustri s species ot Eranthus a re the 

only ones in whi ch fusion of laterals from adjacent 

carpels seems noteworthy .  Fusion of lateral trace s f rom 

adjacent appendages is in any ca se not an uncommon 

o ccurrence and various diagrams illustrating thi s have 

been published ( e . g. Eame s and MacDani els 1 951 pp . 1 49-

1 51 ) . Even therefore if the phenomenon did occur regular

ly among folli culate carpels i t  would be qui te unnecessary 

to evoke Melvi lle ' s  interpretation. 
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8.  THALJCTRUM AQUILEGIFOLIUM 

The genus Thalictrum, a member of the Ranunouloideae 

contains a large number of speci es each of which i s  

characteri zed by a few to many carpels  and stamens , and 

by a single perianth whorl.  In T. aqui legifolium there 

are usually 6 or 7 tepals.  
There are the same number of vascular strands in 

the pedi cel as there are tepals and each tepal receives  

three traces ,  a prominent mi dvein and a pair of lateral 

veins. At the ba se of the receptacle the strand b elow 

each tepal spli t s ,  usually into five , and the central 

branch together with the outer two pa ss out to supply 

a tepal.  The two whi ch are at  first adjacent to each 

midvein continue up and compri se the stele in the upper 

portion of the flower. These stelar strands , of which 

there are usually twice a s  many as there are pedi cel 

strands , rarely branch and a re approximately parallel. 

From each of them there ari se single branches to each 

of two or perhaps three stamens and terminally to one 

or two carpels.  There i s  no apparent difference in the 

supply to stamen and carpel other than within the append

ages.  Except at its extremi ty where an anastomo si s of 

traces i s  produced, each stamen trace i s  unbranched. The 

carpel tra ce , which i s  single in the stipe , divides at 

the base of the ovary to produce a branch which runs in 

the dorsal midline as the dorsal trace , two traces whi ch 

run in the remaining angles of the triquetrous ovaey, and 

another whi ch a scends in the ventral midline . Near the 

top of the ovary this latter trace trifurcate s ,  one 
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b ranch provi ding the ovular supply , the other two contin

uing to a sc end on e i the r s i de of the ventral midline . 

Melvi lle records greater variation than has been ob served 
in the pre sent investigation not ing e specially , con s i der-

able va riab i li ty in the level of b ifurcation of the trace 

in the mid-ventral line , and in  the fa shion i n  whi ch the 

ovular tra ce originates from thi s .  There seems however 

no reason to que stion the validity of hi s ob se rva t i on s  

e spe cially a s  they give the impre ssion of having b een 

ma de with consi derab le care . 

There i s  l i t tle change in di spo sition of bundle s 

as  the fruit ripens a lthough tho se of the stele beco me 

la rge r and there i s  some degree of la teral approx i ma t i on 

above the perianth. 

Unfo rtuna t e ly ,  because of the smallness  of the 

f lowe r ,  i t  ha s not been pos sible to glean much i nfo rm

a t i on on va scular development . Ce rtainly va scula r ti s sue 

in tepal s  and the pedi cel appears fi rst and equa lly 

certainly vent ra l carpel la ry t race s are the la st to 

appear. The supply to the ovule i s  in f a c t  clea rly 

vi sible i n  clea red prepa rat ions b efore the more d i s t a l  

pa rt of t he vent ra l  complex. Beyond thi s however no 

ob s e rvat i ons could b e made with any degree of confi dence . 

One a spect not t re a t ed by Melville but worthy of 

mention in apprai sing hi s theory i s  the orientat i on of 

bundles  in the carpel.  Below i t s  subdivi sion at the ba se 

of the o vary the single bundle contains xylem on i t s  

adaxial face. Thi s ori entation i s  unchanged throughout 

the course of the do rsa l  bundle . The bundles whi ch run 

in  each of the other corners of the carpel twi st through 
0 

90 so that the phloem i s  nearest the out side of the 

carpel and as far a s  can be det ected thi s po si ti on i s  

maintained throughout their course . Shortly above the 

j unction of the ventral and dorsal t races ,  the xylem i s  
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found on the side of the bundle neare st the loeule . It i s  

no t po ssible to detect the po sit i on occupied by xylem 
and phloem e i ther above the chara cteri sti c  bifurcat i on 

i n  the ventra l t ra ce o r  in the ovular trace .  
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� .  RANUNCULU S 

Floral anatomy of various spe c i e s  of Ranunaulu� 

ha s b een inve st i gated by Smi th ( 1 926 ) ,  Kumazawa { 1930 ) ,  

and Brouland ( 19 35 ) , whi le the a c count o f  Tepfer ( 1 95 3 ) 

i s  a very complete one a t  the t i me of anthe si s in g !  

���en� . La rgely because of the exi stence of thi s excell

ent work it wa s de cided to concentrate on thi s parti cular 

spe c i e s empha si zing the development of va scular anatomy, 

an a spect not covered by Tepfer. Fig. 6 . 29c is di rectly 

from Tepfe r ' s  paper and repre sent s flora l  va sculature 

at anthe si s. The only comment i s  that the va scular 

areas, indi ca ted in black in thi s figure, are mo re ext en

sive than ha s been noted for f lowe rs in the pre sent 

inve st i ga t i on although when f rui t s  a re approaching 

mat uri ty, conducting t i ssue would certa inly be of thi s 

extent. 

Like !ha !i c�£�, Ranunculus repens does not di splay 

the clea r sequent ial development of va scular t i s sue 

cha racteri st i c  of some members of the Helleboro i deae 

a lthough several di stinct pha se s have b een det e ct e d .  I t  

i s  certa in that the fi rst va scular t i s sue t o  appear i s  

a single t race in each sepa l and that thi s mature s basi

pe tally as a pedi cel strand. In the next recogni zable 

stage a single trace i s  present in each petal and thi s 

i s  usually conne cted by a st rand to each of the neare st 

two pedi cel bundle s. In the speci men indicating thi s 

stage some va scular t i ssue wa s also found above the 

level of petals apparently always in a ssociation wi th a 

stamen . It wa s revealed in slight ly older buds that in 
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fact stamen tra ce s  fi rst appear at the base of stamens 

and differentiate both into the stamen and into the 

cort ex. Carpellary dorsals  evidently develop in the 

same way (fig.  6 . 29a ) .  The lateral traces to each sepal 

appear much later than the midveins and they j oin the 

b ranches from pedi cel bundles .  The point of thi s j unct

i on i s  about or shortly below the fusion of each pedi cel 

strand with the corresponding branch from the adja cent 

strand (fig.  6 . 29b ) . Ovular t race s appear later than 

carpellary dorsals and join dorsal traces near the ba se 

ot the carpe l ,  though always definitely in the carpel 

rather than in the axi s.  Ventral oarpellary traces are 

the la st to become vi sible and the junction between these , 

the ovula r  traces and the dorsal t race i s  variable . Mo st 

commonly a single trace departs from the dorsal bundle 

and thi s very shortly divides into the two ventral s .  

The single ovular trace usually depart s either very near 

the base of one of the ventrals or from the point at 

whi ch ventrals become separa te . 

Orientation of xylem and phloem i s  very simi lar 

t o  that already noted in the carpel of Thali otrum. 
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Wi th re spect to the Gonophyll theory two po int s  

emerge from the pre sent investigation. 

1 .  Even during i t s  early development , there i s  no 

sign or ventral bundles being independent of the rest of 

the carpel .  In fairness it  must b e  remembered that 

Melvi lle c laimed no instance s in whi ch there i s  even the 

sli gtest degree of separatene s s from other tissues of 

any part of the ventral complex , and that hi s theory 

wa s indeed e stab li shed in the face of thi s la ck of more 

po sit ive indi cation . The fact that i t  has now b een 

shown that there i s  no evidence of independence of the 

ventral system in development po ssibly weakens Melville ' s  

theory though in i t self does not invali date i t .  

2 .  The orientation o f  bundle s in the carpel i s  

consi stent with the interpretation of the carpel a s  a 

folded leaf-like appendage - in cro s s  section va scular 

t i ssue appears leaf-like rather than branch-like.  

It could be  added that the va sculature of Ranl��

�lu� !epene fo llows a pattern strongly remini scent of 

for example Caltha and Helleborue , and that early in  

their respective development (before the appearance of 

carpellary ventrals ) they are almo st i denti cal {compare 

figs 6 . 1 6d and 6 . 29b ) . In vi ew of thi s it  would seem 

surpri sing if carpels were radically different in these 

two sub-famili e s  of the Ranunculaceae. 
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1 1 .  I S  THE ACHENE A REDUCED FOLLI CLE? ------- - ---------

The fi rm opinion of Chute ( 1 930 )  and Eames ( 1 961 ) 

conce rni ng the de ri va t i on of achene f ro m  folli cle ha s 
a lready b een ment i oned in thi s the si s (p .  89 ) .  It was 

i n  addi t i on po inted out that  as  far a s  i s  known , theirs 

is a view whi oh no worke r thi s century ha s quest ioned. 

Ea me s ( 1 961 ) fi gure s in di a gra mmati c  fa shi on the 

va scular pattern of fift e e n  carp e l s  from folli cle and 

achene b earing forma and thi s figure i s  repro duced a s 

fig. 6 . 30 . A - E a re e ssent i ally folli culate  in terms 

of va scular pe ttern and the rema i nde r ,  whi ch include 

four speci e s  of Ranunq�lu� , a re a chene s .  I t  could well 
b e  contended that the gap b e tween E and F ,  b etween in 
fact Waldsteinia and G��m , ha s not b e en effectively 

b ri dg e d .  Chute ( 1 9 30 )  produced an even larger serie s  

of ca rpel s compri si ng 30 spe c i e s  from 1 5  gene ra and 

seemed to b e  aware of the cri t i ca l  gap in the se ri e s , 

fi guri ng what wa s t erme d  an "unusua l '' folli cle of M!�!

legi a b etween a chene and folli cle . The wo rk of Tepfer 

( 1 953 ) however suggests that thi s mi ght si mply b e  a fo rm 

taken a s  the frui t ma ture s .  Moreover ,  it  is  debatable 

whether  or not a si ngle "unusual " feature should be 

rega rded as  of critical  phylogenetic  .. i mportance , 

e specially when seve ral speci es  of the genus have since 

been investigated without the teature b e i ng repo rted 

a ga i n .  De spi te the unequivocal nature pa�i cularly of' 

Eame s '  statement , the pre sent wri ter remains unconvinced. 

With re spect to both sets ot fi gures ,  the possibil

ity that the three traces ot a follicle are indeed 



linked below the point of insertion of carpels doe s  

remain. I n  flowers and frui t s  o t  Caltha palustri s and 

Hellebo��� niger thi s does occur irregularly although 

probably in less than 15% of carpels while at the time 

or initial appea �ance of va scular tissue in all species  

examined, the phenomenon i s  virtually non-exi stent . It 

could be noted that A and B in Eames ' figure themselves 

obviate the po ssibility ot fusion of individual carpel 

trace s ,  because what are presumably stelar traces are 

figured a s  appearing b etween tho se running to a carpel . 

Thi s suggest s that there are three gaps associated with 

each carpel. Thi s situation however wa s not observed 

in the present invest i gation and nei ther can it be 

i magined . There are only five carpels in Helleborus 

niger, there is no va scular ti ssue above them on the 

floral axi s ,  they are evenly di stributed radially and 

at mo st there is  50gu of vertical di stance between the 

insertions of the highest and lowest or them. 

Early in thi s investigation it wa s felt that Caltha 

novae-zelandiae and c .  obtusa might have carpels  whi ch 

did in fact bridge the gap between achene and follicle . 

Detailed investigation however reveals  that carpel vasc

ulature in these species i s  fundamentally simi lar to 

that in C. palustri s . Even when the three veins seem to 

ari se at the one point i t  has been shown that thi s would 

almo st certainly not be so earlier in trace development 

and that in any case the point would be  in the stele , 

certainly not in the appendage as i s  the case with 

achenes .  

It  i s  strongly suspected that e ssentially, three 

traces run to each carpel in follicle bearing forms and 

one to each in achene bearing forms. Although leaf gaps 

of the classical type are not formed,  the situation in 
Ranunculus tor carpels , stamens and petals would prob-
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ably be single trace - single gap , while sepals would 

perhaps b e  described as having three traces rrom a single 
gap. Vegetative nodes are trilacunar with three traces. 

Although also diffi cult to define in Caltha , one might 
logically describe each carpel a s  having three t races 

from a single gap , stamens and less certainly tepals , 
one tra ce and one gap .  Veget ative nodes are again 
trilacunar with three traces .  

Variable node anatomy in the one speci e s ,  even on 

the one branch i s  probably not uncommon. Philipson ( 1 948 ) 

ror example ha s found that the nodal anatomy a s so ciated 
with the bra ct s  of Hieracium varies  from unilacunar to 

trilacunar according to po sition on the peduncle while 

Post ( 1 9 58 )  has sugge sted a physiologi cal explanation 

to account tor the considerab le variabi lity in nodal 
anatomy in certain members of the Gentianaceae . Each of 
these autho rs ha s in addition found nodes whi ch are 

effectively intermediate between those usually recogni zed , 
thi s suggesting that severa l or the cla ssical nodal types 
can be placed on a continuum. Thi s rai ses the question 

a s  to whether or not the nodes of achenes (uni lacunar ) 
and folli cles ( trilaounar ) could also be regarded as 
part of a continuum - whether or  not in fact i t  is  valid 
to maintain the exi stence of a gap in Eame s ' ( or Chute ' s )  

eerie e .  

Many achenes and follicles were observed b y  Chute 

and Eamee and several have been looked at from the point 
of view of development of their  vascular supply in the 

present inquiry. Pollicle and aohene are represented 

in fig.  6 . 31 a  and c .  It intermediate types were to be 

found they would surely bear some resemblance to the 
situa tion diagrammatized in f i g. 6. 31 b .  But a a  has been 
stated , oarpellary ventrals ( laterals ) either originate 

as b ranches from dorsals within the carPel ( achenes ) or 



they o ri ginate from completely independent stelar strands 

(fo lli cle s ) .  I t  i s  not pos sible to compare the se directly 

wi th Phi lipson ' s  fi gures for Hieracium as  it  i s  clear 

that in hi s drawings secondary t i s sue i s  involved in 

addi tion to the stri ctly primary t i ssue of the carpels 

de scribed here . Nodes reported in  Hi eracium can b e  

summari zed a s  i n  fig.  6 . 31 d , e ,  and f .  The primary con-

di tion i s  not known but it  i s  not impo ssible tha t it  

could be as  repre sented in fig.  6 . 31 g ,  h ,  and i .  

Po st ha s i n  fact shown preci sely thi s type of 

variation in pri mary nodal anatomy and moreover ha s 

suggested that the addition of secondary t i s sue may 

crea te the appearance of a greater 

exi sted in the prima ry condition. 

i amsianum ( Philipson and Philipson 

variety of node s than 

In Rhododendron will-

1 968 ) the type of 

node can be seen to depend on the ori gin of the "access

o ry "  t r& c e s .  These may come from  the laterals  themselves 

o r  from independent po si tions on the stele . In the 

Monimiaceae , �oney , Bai ley and Swamy ( 1 950 ) have 

commented on variation i n  the level at whi ch the two 

bundle s  from double leaf t races unite and in Col eus 

Balfour and Phi lipson ( 1 962 ) have reported that union 

between such bundle s occurs only after the bundle s  have 

fi rst made thei r appearance. Bai ley ( 1 956 ) ha s noted a 

general increase in complexi ty of nodes from seedlings 

to mature shoot s .  

There seems no doubt  that the sequence outlined 

by Phi lipson and others i s  a valid one and that the 

difference between nodal type s i s  at lea st sometimes 

only one of degree .  But achene and follicle va sculature 

seem quite di st inct and thi s may even suggest a long 

period of phylogenetic separation of these type s of 

floral  node. 

Post ha s suggested that the development of nodal 
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types may b e  in response to pro j ected importance or si ze 

of the appendage. On thi s basi s  therefore i t  would be 

po ssible to maintain that the three traces of follicles 

were correlated with the pre sence of several ovules and 

usually larger si ze , while the single achene trace was 

associated wi th one ovule and an appendage of smaller 
si ze . An argument whi ch can be advanced against thi s 

however i s  that gydrastri s and Waldsteinia (fig.  6. 30 D &E ) 

a re po sitivel� folliculate in vascular supply yet only 

have one ovule. Subsequent work on these and perhaps 

other genera may yet provide intermediate forms but it  

is  the present writer ' s contention that at least at our 

present state of knowledge , there remains a gap in Eame s '  

series.  

While achene and folli cle nodes may be quite di s

tinct , it  i s  not of course contended that they are of 

radically different type. There i s  nothing to suggest 

that each i s  not equivalent to well known vegetative 

nodes whi ch themselves can be regarded as  contributing 

to a continuous sequence . 

Fina lly, no support for the facets of the Gonophyll 

theory concerned wi th achene and follicle has become 
evident a s  a result ot thi s inqui ry but rather ,  the 

classi cal theory i s  generally supported. 
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1 .  DISCUSSION 

!!._Q�ntext of the Gonop}lyll Theory 

As wa s stated in the prologue to thi s thesi s ,  

the primary ob j ect of the inquiry was to gather inform

ation whi ch would enable the e stabli shment of a platform 

from which the Gonophyll theory could be apprai sed, and 

an evaluation of some of the signifi cant a spects of the 

theory. Although much of the relevant information ha s 

been di scussed with the appropriate chapter,  it  remains 

to finally apprai se the theory in the light both of other 

opinions and of the total of the evidence presented in 

these pages .  

Usually given credit  for the interpretation which 

i s  followed by the majority of present day morphologi st s 

i s  the German poet and metaphysi ci st J . W .  von Goethe 

( 1 790 ) who se theory was essentially that such o rgans a s  

cotyledons ,  foliage leaves , bract s ,  sepals ,  petal s ,  

stamens and carpels were all expre ssions of a leaflike 

appendage (Arber 1 946 ) .  The early support lent by the 

great French botani st A. P. de Candolle ( 1 81 3 ) probably 

provided the theory with considerable impetus and it did 

of course seem ready made for pro-Darwinian theori sts.  

Fo ster and Gifford ( 1 959 ) have stated that it has proven 

to have been "an extremely a stute viewpoint " while Arber 

( 1 950 ) has written that a common basi c scheme of organi z

ation underlying both the leafy and the reproductive 

shoot would •• seem too obvious to stress were it  not for 

the fact that sometime s  in recent years i t  has been 

repudiated. " 

1 29.  



It i s  necessary a t  least bri efly to mention some 

of these theorie s  as  many of them contain elements of 

the Gonophyll theory. Lam ( 1 959 ) for example , who has 

in fact maintained that "doubt about the Goethean 

concept i s  very old indeed , "  referred to Sohleiden ( 1 849 ) 

and Payer ( 1 857 ) who each sulgested that certain part s 

of the flower should not be equated with vegetative 
leaves.  Neumayer ( 1 924 ) thought that stamens were 

phylloclades  borne in the axile  of leaves whi le Zimmermann 

( 1 930 )  held that the f lower had originated from sporang

ial clusters and sporophylls from aggregation& of b ranch 

systems. Thi s i s  the basi s of the telome theory whi ch 

ha s more recently received strong support from  Wil son 

( 1 953 ) .  

Thompson ( 1 934,  1 937 , 1 943-44 ) vi sua li zed the 

ancestral flower as a sporogenous axi s devoid of obligate 

appendages and believed the modern flower to have b een 

derived a s  a result of locali zed expansions of the 

receptacle whi ch in time produced the various part s.  The 

view of Gregoire ( 1 938 ) that  there was no homologous 

connection between a vegetative shoot and a flower , all 

o rgans being sui generi s ,  was in some signifi cant respects 

rather simi lar.  
Hagerup ( 1 936 ,  1 938 ) believed that at least some 

Angio sperm carpels were phyllomes subtending ovules whi ch 

were essentially of axial origin and hi s vi ews have been 

echoed by stachyo spory I phyllo spory theori st s among whom 

Fagerlind ( 1 946 ) and Lam ( 1 948 , 1 959 ) have been prominent . 

Emberger ( 1 949 ) declared the flower to be a biolog

i cal rather than a morphologi cal entity and envi saged i t  

a s  a mixture o f  leaves and axial organs while Plantefol 

( 1 949 ) held that only sepals were direct homologues of 

leaves.  It was the belief of Deyl ( 1 955 ) that floral 

appendages were "not necessari ly foliar in nature tt (Lam 
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1 959 ) .  For many years Thoma s  ( e. g . 1 958 ) maintained that 

floral organs were ttnew structures due to change s in the 

growth of reproductive axe s and not to modif'ication of 

pre-exi sting leave s. " 

The abundant recent writings of Meeuse (e . g . 1 96 3 ,  

1 965 ) di splay hi s strong oppo sition to the f'o1iar interp

reta ti on and hi s approxi ma t e  allignment with tho se who 

have maintained that axial components are involved in 

the modern flower.  The systemati st Cro i za t ( 1 964 ) i s  

another modern wo rker who may b e  de scribed as  a "poly

axial "  theo ri st .  

Melville ' s  Gonophyll theory i s  also fundamentally 

a polyaxia l  theory and therefo re certainly not uni que . 

It  has parti cularly strong resemblances to the theory of 

Neumayer and also recalls several interpretations adopted 

by Hagerup , Fagerlind, and Lam. However ,  Melvi lle ' s  

ingenious and methodi cal synthesi s ,  togethe r wi th the 

extensi ve re co l l e ct i on of examp l e s  from present day 

flo ra s ,  rende r s  the the o ry out standing at least from 
the point of' vi ew of i t s  c l a ri ty of pre sentation. It 

seems clear tha t the theory must stand o r  !'all on the 

appli cab i lity of its  autho r ' s cho sen examples . 

It  must b e  empha si z e d  that the foregoing paragraphs 

do not pretend to cover all non-foliar theorie s  of the 

flower no r do they provide any real indi cation of appar

ent measure s of' support . The literature on thi s i s  qui te 

voluminous.  Similarly , no attempt has been made to 

record oppo sition to the se various viewpoints nor has 

any effort been made to evaluate the multi tudinous 

reports  whi ch lend support to the classical theory . 

An attempt has simply been made to set the Gonophyll 

theory against the background or other theories  whi ch 

have offered oppo si tion to the cla ssical interpretation. 

Some of the principles whi ch underly the Gonophyll 
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theory but whi ch have not been specifi cally considered 

in thi s the si s  may now be bri efly �xamine d .  

� ��e Axi llary Bud Question 

Many morphologi sts have evidently been 

concerned at the apparent lack of axi llary buds whi ch 

mi ght be expected to be  associated wi th floral appendage s 

and seemingly thi s fact has provided the stimulant for 

many to po stulate non-foliar origin of floral parts .  

Ovules have been suppo sed to be derived from axillary 

buds and stamens have been consi dered to have at least 

an axial component . The Gonophyll interpretation i s  of 

course essentially one emanating from a quest tor axillary 

structures in the flower. 

It  can fai rly be pointed out however that even 

apart from flora l appendage s ,  not all leaves have axi llary 

buds. Phi lipson ( 1 946 ) has demonstrated their ab sence 

in  the inflorescence bracts of �elli s and thi s phenomenon 

i s  po ssibly wi de spread in the Compo sita e .  Buds have 

been reported in cotyledonary axi l e  ( Yarbrough 1 957 ) 

a lthough they a re probably not common in such a po sition 

but thi s ,  together wi th their ab sence from sepal and 

petal axile  has apparently not always been suffi cient 

to di spel the presumption that leave s must have buds 

a sso ciated wi th them. Thi s axiom i s  also belied by the 

tact that just a s  some leaves exi st without buds , eo 

do some adventi t ious buds exi st wi thout associated leaves .  

It i s  then viewed b y  the present writer as  surpri s

ing that so many authors , of whom Melville i s  an out stand

ing example , should have argued so strenuously and so 

deviously in their  effort s to prove at least to their  

own sati sfaction , that axi llary buds are fundamentally 

present in  the flower. 

Melville and others before hi m have also been 
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anxious to demonst ra t e  tha t  axi lla ry buds a ri se in some 

c a s e s  upon l e af li ke organ s .  I t  i s  i ncont e s table t ha t  

the re are example s in whi ch thi s i s  t rue a lthough the 

co mment of Esau ( 1 965 ) i s  not ewo rthy . Wi th specifi c 

reference to the axi llary bud she stat e s  '' .  • • the t erm 

axillary i s  somewhat i na c cura te b e cause the buds genera l l� 

a ri se on the s tem • •  • '' ( pre sent autho r ' s i tali c s ) . 

Esau cont i nue s tha t buds may "b ecome di spla ced closer t o  

t h e  leaf b a s e s  o r  even onto the leaf itself by sub sequent 

growth a dj ust ment s • • •  ' '  The fi ndings of Ezela rab and 

Dormer ( 1 96.3 ) concerning no de s in the Ranunoula c e a e  

c ould b e  a dded t o  tho se autho r s  c i te d  by Esau i n  thi s 

r e ga rd. Moreo ve r ,  a s  ha s  b een po i nt ed out by Phi li pson 

and Phi li p son i 1 968 ) ,  in Rho do dendron the bud may oome 

t o  b e  located apprec i ab ly abo ve the sub t ending leaf . 

In vi ew of the vari ety of lo ca t i on s  fo r axi llary 

b uds , Melvi lle ' s  po stula t ion rema i n s  not implausib l e  

a lthough i t  i s  unfo rtunate that he i s  unable to  c i t e  

i nt e rmed i a t e  condi t i ons (whe re s t a men t'branche s "  for 

example in the Magnoli aceae ari se nea r  to or i n  the axi l  

of peri anth memb e r s ) and i t  i s  part i cula rly unfortuna t e  

that he ha s c la i med no suppo rt fro m morphogene si s .  If 

the pre sent sugge s t i on that leaf e quivalent s need not 

ha ve axi lla ry shoo t s a s so ci a t e d  wi t h  them i s  a ccept e d , 

the suppo rt for Melville ' s unsub st antiated hypo the s i s 

that axi llary b ranche s may a r i se i n  a mo st unusua l 

s i tua t i on i n  the flower , i s  surely dimini shed .  

! i i � _ The Stamen Que stion 

I t  i s  not intended to revi ew Melvi lle ' s  

evi dence perta ining to Angio sperm stamens in ent i rety ,  

but some of the s i gnifi cant feature s oan appropriately 

b e  ment i oned. 

In support or the po stulati on that stamens oan b e  
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e quated with branche s ,  Melvi lle and o thers have drawn 

evi dence from ontogeny. It ha s b e en claimed , and certain

ly thi s seems t rue in some ca se s ,  that whi le peta l s ,  

sepals and leave s a re initiated b y  peri clinal divi sions 

i n  one of the tunica layers , stamens , like b ranche s ,  

o ri gina te b y  pro l i feration i n  the co rpus .  In fact 

however , thi s i s  only a generali zat io n .  Boke ( 1 948 , 1 949 )  

ha s reported the vi rtually i dent i c a l  ini t i a t i on of 

stamens , petals and sepal s in Vinca and Tepfer ( 1 953 ) 

and Tucker ( 1 9 59 )  have remarked si mi larly on thi s situa tion 

in the Ranuncula oeae and the Wint e ra ceae re spectively. 

Wi lson and Just ( 1 9 39 ) evi dently regarded thi s a s  the 

no rma l occurrence .  On the other hand Fo ster ( 1 9 36 )  

stated that both tuni ca and co rpus a re each frequently 

invo lved in ini t ial divi si ons conce rning leaf primo rdia 

and Boke ( 1 940 ) ha s  repo rted spec i f i cally on the o c curr

ence of thi s in ���£i a . As for the deeper seated o ri gin 

of axi llary bud (b ranch ) meri atems i t  need only be sai d  

that whi le thi s usua lly appears to be so , axi llary buds 
have on at lea st one occa sion been repo rted as invo lving 

i ni t i a l  divi sions in the outermo st tuni ca layer ( Champ

a gnat 1 961 ) . I t  remains t rue of course that leaves are 

gene ra l ly ini t i ated in the tunica but i t  seem s  a s  mi slead

ing to sugge st that thi s i s  invariab ly the ca se a s  i t  i s  

t o  i mply a deepsea ted o ri gin for a l l , o r  even the ma j o rity 

of sta men s .  

Me lvi lle rather tentatively eli ci t s support for hi s 

Gonophyll int e rpretation from· the centrifugal stamens 

which a re known from several fami li e s . He admit s  however 

( 1 963 ) that "further study of flo ral ontogen1 is necessary 

before a complete explana t i on can emerge . " Eames ( 1 961 ) 

refers to the phenomenon simply a s  a "reversal of sequence 

of development (which ) ha s doubtless occurred more than 

once , a s  have all other advanced floral characters . .. He 
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compares thi s with various other " departures from normal 

sequence in development . '' 

iv. The Foliar Primordia Que stion 

The tact that toliar primordia are separate 

in apocarpous forms and that there is no evidence for 

the congeni tal fusion necessary tor the Gonophyll theory , 

ha s already been pointed out by Corner ( 1 963 ) .  Hi s 

belief whi ch seems generally to be  supported by evidence 

from several quarters , i s  that outgrowths cannot consolid

ate - the primordia involved must fi rst become one 

entity. In an earlier paper ( Corner 1 958 ) it was shown 

how sepals may ttcapture '' petal traces although the petal

aid sepals so produced are not dual structures in the 

sense of unification of sepal and petal primordia .  

In hi s later arti cle Corner also asserts a lack of 

appreciation by Melville of the tact that all floral 

primordia grow basipetally and venation i s  therefore 

"phyllodi c , "  not palmate as would occur with acropetal 

growth.  

Once again, these are critici sms which apply to 

theori e s  advanced by more than one opponent of the 

classi cal theory. 
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£L. SUMMARY 

The pri ma ry obj ect or thi s work was an investigation 

of some of the important a spects of Melvi lle ' s  Gonophyll 

theory. 

Fi rstly , many of Melvi lle ' s  findings and presumpt

ions concerning the Magnoliaceae are gravely questioned. 

He appears to be  incorrect in hi s assertion that the 

cortical va scular system in thi s group begins at ( in fact 

upon ) one of the upper foliage leaves .  At least someti me s  

i t  origina t e s  in an internodal po sition. The fact that 

cortical strands have been shown sometimes  to bypas s  

axillary buds and the fact that  more than a pai r  of 

cortical  strands can originate from the supply to a leaf 

(and associated stipule s ) are deemed quite irreconci lable 

with the Gonophyll interpretation. Melvi lle ' s  interpret

ation of carpel vasculature in the same family i s  also 

considered incorrect . There i s  no developmental evidence 

to indi cate that ventral traces ari se on dorsal traces .  

Rather , ventrals  essentially o riginate in the cortical  

system and dorsals in  the stele. It  i s  also contended 

that in order to explain the continuity of the cortical  

system in  the gynoecial region , Melville has evoked a 

form of development unknown to ontogeny. The evidence 

presented herein concerning the Magnoliaceae suggest s 

strong essential similarity of vascular supply to bracts ,  

perianth members , carpels and in some case s ,  stamens. 

It is  submitted that the Gonophyll interpretation of the 

Magnoliaceous flower i s  erroneously ba sed and fundament

ally implausible. 
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It i s  also held that va sculature in the Gnetum 

inflorescence i s  fundamentally di ssimilar to the Magnolia 

flower and that attempt s  to equate the two are not con

si stent with the facts. 

As far as floral vasculature is concerned, di stinct 

similarity exi sts between the Magnoliaceae and at least 

one member of the Winteraceae although the cortical 
system i s  undoubtedly less  strongly developed in the 

latter fami ly. There i s  no evidence to suggest any basic 

similarity between the Winteraceae and Gnetum . 

Whi le the cortical vascular system i s  well developed 

in the Calycanthaceae , its  strands are inverted and it  

does not extend beyond the perianth. Despite the sus

picion tha t  may be entertained concerning relationship 

between Magnoliaceae and Calycanthaceae , when facts are 

viewed ob j ectively there i s  very little to support thi s .  
Within the family there i s  a strong suggestion of  simil

arity of perianth members , bracts and leave s although 

the evidence i s  not a s  convincing with respect to stamens 

and carpel s.  

Much evidence confli cting with that cited by 

Melville concerning fusion of lateral t race s of adjacent 

folliculat e  carpels has been revealed, and quite  apart 

from present findings , the accumulated work of others 

indicates  that his claims concerning the frequency of 

the junction , present an exaggerated picture . Evidence 

from development indicates  that during early stages  thi s 

union may b e  rare indeed. Moreover, the reported occurr

ence of such a union in vegetative stems suggests that 

even if it did occur regularly the situation would not 

be  so unusual as to demand such a startling explanation. 

Melville ' e  interpretation of the Ranunculaceous follicle 

i s  therefore deemed fallaceous. 

Ri s interpretation of the aohene i s  les s  assailable 
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a lthough i t  i s  the pre sent author ' s content ion tha t i n  

early stage s o f  flo ra l  va scular development (b efo re the 

appearance of fo lli c le latera l a ) fo lli c l e s  and a chene s 

di splay marked simi lari ty at lea st with re spect t o  the i r  

rela tion wi th st rands b elow them. At appropriate stage s 

thi s simi lari ty ext ends in each ca se to stamens. 

At the same t i me ,  i t  i s  contended that on the 

evi dence of the cour se of t race s ,  e spe c i a lly during the i r  

development , a chene s an d fo llicles compri se di st inct 

carpel type s ,  of undoub t ed co mmon o rigin although as far 

as i s  known there are no forma genuine ly intermediate 

b etwe en the two . 

The se cond ma j o r a i m  outlined in the prolo gue 

emanated from the suggestion tha t  co mponent s of the 

va scula r system of the flower may di splay different i nter

rela t i onships at different stage s of deve lopment . Thi s 

hypo the si s i s  consi dered to have b een abundant ly sub

stantiated.  In several instance s ,  adj a cent stelar 

st rands in the flowe r a re at first stra i ght and approx

i ma t e ly parallel but they lat er a ssume undulating cour s e s  

and fina lly fuse at various po int s t o  produce a reti cul-

ation. What ever other signifi cance may b e  atta ched to 

thi s ob s e rvat ion i t  must b e  regarded a s  one , the consequence 

of whi ch gene rally pre sent s considerab le opposit ion to 

the Gonophyll theory . 

I t  ha s not b een practi cable to sub j ect a l l  fa cet s 

of the Gonophyll theory to scrut iny but i t  i s  submi tted 

that the theo ry is so seriously weakened by the total of 

the evi dence pre sented in the se page s that it mi ght we ll 

be consi dered to have b e en di sproved i n  principle . 
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PIG .  2. 1 (a ) Diagrammatic representation of Ma�o lia 
flower 

1�. 

fig. 2. 1 

(b ) Detai led vasculature of Magnolia stellata 

Both after Melville (196 3 ) ,  i llustrate the gonophyll 
interpretation of the �olia flower.  

The corti cal system is  seen ori ginating a s  a 

branch of a tepal trace and providing mo st of the 
vasculature of stamens.  Carpel vasculature i s  seen a s  

involving a midvein from the stele and ventrals from 
the cort i cal  system. Ventrals are also linked vert
i cally. By such an interpretation a carpel i s  regarded 

a s  equivalent to a b ract plus the b ifurcating b ranch 
system whi ch ari ses upon i t .  Melvi lle sees such a 
carpel a s  equivalent to a perianth memb er (bract ) 

plus stamens {vasculari zed by the bifurcating b ranches 
a ssociated with that bract ) . 



a 
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PIG. 2. 2 (a ) Photograph ot carpelloid stamens -
Mi ahelia tuscata (x1 0 ) 

Arrangement i s  in approximate sequence trom a 

stamen at uppe r  lett through various intermediate torms 
to a true carpel at lowar right. 

(b ) Photomi crograph, of transverse section 
ot a carpelloid stamen - Michelia tuaoata 
(x50 ) 

The ovule appears to be completely exposed. There 
1 e  evidence ot integuments and ot female gametopn,te .  
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(a ) Three di mensional reconstruction indicating 
di spo sition o� a portion ot the cortical 
(unshaded ) and ste lar (b lack ) systems in 

the lower part o� the receptacle ot 
Kiohelia fuscata 

Area s  ot attachment of perianth members appear a s  

long ovale ( delimited b y  a dotted line ) through which 

three trace s are depicted a passing. The nature of 
the cortical  reticulation can be seen. The shading of 
traces to the appendage s indi cates the system in which 

the p rtioular component aro se. The dotted circle near 

the centre ot the exposed upper surface represents the 

position of the stele . 

(b ) Three dimensional reconstruction of the 

same conduct ing ti ssue as depi cted in (a ) 
but wi th the receptacle 90° di splaced. 

FIG. 2. 3 ( a ) Three dimensional reconstruction of the 

portion of the pedicel ot Ml cheli fuscata 

from which the bracteole ari se 

The cortical system i s  unahaded ,  the stele black , 

and traces to the bracteole cro s batched. On the 

expo sed upper urtace arrows indicate tendency for 

cortical tr ces to ubdi vi de Shortly bove thi s level , 

while the position ot the stele is dotted. 

(b ) Three 41 ional recon truct1on ot the 

sa e conducting tissue aa depi cted ln (a ) 
but with the receptacle 90° di splaced 

The origin ot cortical trands trom between 

stelar co ponenta  l a  indicated at the bottom. 
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FIG .  2. 6 Three dimensiona l  reconstruction indi cating 

vascular supply to a carpel in ¥i chelia 

tusoata 

1 43· 

tiga 2. 5 
2 . 6  

The stelar strand (and the dor al tra ce and 

ascending stelar bundle ) a re shaded black whi le cortica l  

strands and ventral traces  are unshaded. Thi s pattern 
i s  remarkably constant tor carpels throughout the 

fami ly . 

F�G. 2 . 5 Three dimensional reconstruction indicating 

va scular supply to stamens in Mi ohelia fuscata 

The stele and its branche s are shaded black , while 

the cortical system and branches theretrom are unshaded . 
Branches trom the supply to each stamen are seen to 

ascend in the cortical system. On the lett i s  depi cted 
a case where three traces contribute to a stamen whi le 

on the right one trace runs to oh ot three ta en 
although both stelar and cort i cal ay t s contribute . 

The t1gure i s  ideali zed in that the undulating 

courses ot strands have not 'been depicted. 
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1 44. 

fig. 2. 7 

FIG. 2. 7 Diagra tic  repre entation of the development 
ot floral vasculature in Mlchelia tusoata a s  
illustrated by three dimensional views ot 
parts of the va cular system in various portions 
of the re cepta cle 

( ) Contributions of cortical and stel r systems 

to the br ot . No traces extend above thi s level at an 

early stage . 

(b ) Bract and perianth portions with cortic 1 
strands (whi ch o riginate a branches of t races to br et a ) 
ahown as  linked between two perianth levels . From these 

»rings"  t races to appendages are seen to ari se . No stelar 
system is present above the level of the b raot at thi s 

time .  

( c ) Bract , perianth nd androec1al portions 
with branches from the cortical syste extending into 

some stamen • No stelar ystem i s  evi dent above the 

level of the b ract . 

(d ) Bract , perianth , androeoial and gynoecial 

portions with stel r eo ponenta now evident in all portions 

but with the cortical oompon nt a yet absent tro the 
gnoeoium. 

{ e ) aame povt ion a shown in ( d )  but w1 th 

rtioal oo � nta now rid nt ln t gynoec1al por ion 

and with o a connections betwe n cortical strands in 
the androeclal portion. 
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PIG. 2. 8 Pho tomi c ro graph of t ransverse sect i on through 

gyno e c i a l  regi on of young flo ral bud of 

Ml ch e l i a  fuscata (x40 )  

On the ove rlying t ransparency a numb er i s  placed 

o ve r  each ca rpe l , 1 b ei ng the lowe st on the axi s .  The 

o nly constant pa r st i chi e s  a re tho se i ndi cated by 

do t t ed line s whi ch in fact conne ct carpel s  five pla sto

chrons apart . Whether or not there i s  any rela t i onshi p 

b etween do rsa l  t ra c e s  of carpe l s  in any one para s t i chy 

ha s no t been determined. Because of i rregula ri ty i t  

seems not po s sib le t o  det ermine phyllot axi s from 

vert i ca l supe ri mpo si t ions although Tucker ' s metho d ,  

b a sed on the numb e r  of t urns i n  the gene t i c  spi ra l 

b e tween succe s sive members of the same para st i ohy wo uld 

gi ve 2/5.  
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Relationship between carpels , stelar a7stem 

and corti cal system in Michelia tuscata 

1 46 .  

tig. 2 . 9  

Oarpel base s are cro a batched, the cortical 

system and ventral traces dotted, and the stelar system 

and dorsal traces represent d by unbroken lines. For 

the sake of clari ty ascending st elar bundles have been 

omitted. The carpel nearest the apex was numbered 1 and 

some of the others are indi cated. 

The members ot one ot the contact para sti chie s  

(x ,  x�8 , x+8+8 ,  etc. e . g • • • • •  1 1 , 1 9 , 27 , • • • •  ) are 

connected by their dorsal traces to the same stelar 

strands whi le members of the other (x,  x+5, x+5+5 , etc.  

e . g  • • • • •  1 1 , 1 6 ,  21 , • • • •  )are asso ciated with cortical 

strands , each strand in tact supplying alternately lett 

and right ventrals of carpels. Carpels of anoth r para

sti chy (x,  x+1 3, x+1 3+1 3, to.  e . g • • • • •  e, 21 , 34 ,  • • • •  ) 
receive ventrala from an i d  ntical source . 

It' tor example carpels 8 and 1 6 were regarded a 

being vertic lly superimpo sed it can be se n �at there 

would be thre turns in the gen ti c sp1 r 1 between the e 

two appendag • The peyllo�a.x1 rr ction would in thi s 

a e ther to� e ,;a. 
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FIG .  2 . 1 0  Diagrammatic representations of the floral 

vascularization i n  three Magnoliaceous species 
i llustrated by three dimensional vi ews ot 
parts of the va scular system in various 
portions of the receptacl • 

( a ) gnolia stellata 

The supply to a bracteo l  i s  indic ted i n  the lower
mo st portion. Two strands compri sing p rt ot the cort i cal 

ay tem a scend a branehe tro o e et' the bracteo lar 

t races.  In the perianth ( econd portion ) corti cal  
strands are connected b y  rings from whi ch appendage 
traces depart . Branches trom the stelar sy tem may or 

may not b e  j oined to the rings and if they contribute to 

vasculature of an appendage it i s  always a s  a midvein. 
In the thi rd po rtion the v sculature of stamens can be 

seen to ori ginate as a single tr oe ei ther from a cortical 
strand, 

strands 

j oined. 

or from a connection between adjacent co rt i cal 

to whi ch a branch from the stelar system i s  

In the uppermo st po rtion a carpel i s  depi cted 

and thi s receives its  vase� ture in a t' shion virtually 

identical with carpels ot Ni chelia fU o t • 

(b ) 

Sta en hr e trace , lat rala tro 

C)ortical  t • and a m1 vein either 41reotl7 or 
indirectly rroa the et 1 r ye • 

The 

e st portion. A strand ot 

or1 ginat1na from 'he t la 

a aln indicated 1n the low

l'tl l 87S em i a  shown 
78 a�ov thi s 1e :1. In 
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cont . 

the perianth { second port ion ) ,  cortical  trands are joined 
by a ring and from thi s traces �o perianth members depart . 

A midvein from the stele i s  shown as pre sent in the lower 

member. In the eta en port ion the supply to appendages 

can b e  seen to originate either entirely .fro cort i cal 

strands (or connections between them ) or from both 

cortica l  and stelar systems the .for er providing laterala 

and the latter,  midveins. Carpel vascul ture (upper 

portion ) involves ventrals .from separ te cortical strands 

and dorsal .from a stelar strand. Ascending stelar 

bundles connecting ventral and dorsal t races in the one 

carpel do not exi st in thi s speoies.  
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FIG. 2. 1 1  {a ) Stamen va culature of Magnolia tellata 

Cortical trand are hown a undulating line s .  

Mo st ot the stamens ( indica�ed as  small ovals ) receive 

their trace trom the cortical system although some , s 

indi cated by the letters "ar" r ceive their trac from 

the stele. In on of the stamens a midvein is Shown 

trom the atele while laterals originate trom separate 

cortical strands. 

i 49 . 
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(b ) Perianth va culature of Magnolia stellata 

The cortical system and its contributions to 

appendages i s  indicated a s  in (a ) .  Letters ••ar" 

indi cate a contribution from the stele which in tact 
only involves some of the midveins . 

PIO.  2 . 1 2  D velopm nt ot perianth va oulature in Lirio-

4 ndron �ul1p1tera 

Solid linea to th appendage (base indicated by 

an oval on the lett ) 1n41 t etabl1� d trac a at an 
early stage. All oan be • en to originate trom one 

telar strand and not to be onneote4 to the other 

perianth ae r indicate • Dotted linea represent the 

po si-tions 1n which conical atnnda will develop. 
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FIG. 3. 1 Portion of a female inflo rescence of Gnetum 

gnemon indi cated diagrammati cally 

The trace to the bract (br ) i s  indicated depart

ing from the atele and the t race to the single funct

ional ovule (ov ) leaves in a posi tion axillary to 

this braot trace . Branches to nonfunctional ovules 

depart from the ovule tra ce .  The dotted lines mark 

alternative posit ions for departure of the ovule 

t race . 
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FIG. 4. 1 Three dimensional part ial reconstruction or 

va sculature of mature flower of Belliolum 

cra ssifolium 

The stele con i sts  of a numb er of approxi ately 

parallel strands and the cortical  system of a network 
of tiner surrounding strands. 

{ c )  Androeci 1 region 
Some stamens are suppli ed trom the cortical 

system and others directly from the st e le .  In one 

ca se , two traces  from the c o rt i cal system can b e  

seen t o  contribute to a single stamen . The cortical 
system seems not to extend aboYe thi s level . 

(b ) Corol l  region 

Three tra ces run to each petal ,  the later ls 
trom the cortical system and the midveins rro m  the 
ste le ( u ually ) altho llgh thi s 1 tter t r  ce i s  j oined 

to the cort i cal  network as it pa s es through. 

(a ) Calyx r gion 

Strands ot the cortical y te c n be seen 
ori ginating s branche s tro trao which run to the 
calyx. Below the 4epart.ure of lyx trao • the 

etele can be seen to consi st of o ly three strand • 
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FIG . 4. 2 Diagrammat i c  representation of bud and tlowera 

opened out and indi cating six stages in the 

development ot floral vasculature in Drimys 

winter! Tar. chilensi s 

(a )  Very young bud - pedi cel strands and 

branche s of ca lyx traces .  

(b ) Petal t ra c e s  and a s soci a ted strands 

appearing.  

( c ) Strands associated with peri anth well 

developed. Those a sso ciated wi th eta ens appearing. 

{d ) Continuous strands eatabli•hed above 

perianth in androeoial region. 

{e ) Appearance or cmrpel traces ,  depi cted 

at  thi s stage ae  consi eti or thr e traoea to each 

carpel . 

(t ) At antheai e .  Loaa ot identity ot three 

traoea to each carpel and increa se in a1 ze or 11 

vascular bundles•  



c 

f \ G. 4 . 3 b c 

\ 
I 
I 



FIG .  4. 3 Representation simi lar to fig. 4. 2 of t o 
stage s  in develop ent of floral v soular 

system or Pseudowintera axillari s 

( a ) Young bud with all major strands and 
traces ini tiated. A double supply to each petal and 

to several of the stamens i s  evident . Three independ
ent t races can b e  seen running to each carpel.  

(b ) At anthesi s.  Substantial thickening 

or many traces and lose of identity or others. Num

erous random secondary connections c n be seen. 

1 5.3. 
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FIG . 5. 1 Qaly�anthus occidentalis Outlines of some 

of the floral ppendages indicating change 

in shape as the axi s  i a scended 

1 54. 

fig.  5. 1 

Appendage s  were 1 belled from 1 (neare t the bract ) 
to 61 ( innermo st in thi s case ) . 3 ,  20 , 26 and 55 are 

drawn from the adaxial vi ew while both abaxial (upper 

outline ) and adaxial ( lower outline ) views of appendages 

31 , 39 and 45 are indicated. 3 ,  20 and 26 would all be 

tepals ,  and 31  and 45 nonfunctional eta ens between 

tepals nd functional stamens ,  and between functional 

stamens and functional carpels  respectively .  39 i s  a 

functional stamen and 55 a functional carpel.  
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FIG . 5. 2 Calycanthus occidentali 

carpel 

Young tunctional 

On the left a carpel i s  depi cted a s  if lit long

i tudinally near the dorsi-ventral mi dline. Stigmatic 

surface , stylar cana l  and two ventrally att  ched ovules  

a re indi cated. Traces are represented by  dotted line s .  

On the right , the seri e s  of outlines are of 

t ransverse sections out at the level s  indi cated. 
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FIG. 5· 3 Calycan�hua occidentalia 

1 S6 • . .  

t'1 • 5· 3 

(a ) Diagrammatic representation of contribution 

ot' stelar system to foliar appendages 
The di stance over whi ch two strands are parallel 

and very clo se together is  approxima tely one internode 

and i s  immediately prior to departure of traces to leaves .  

(b ) In the superimposed tran parency the 

corti cal syste 1 e  red and strands ot the axillary 

shoot syste green. 
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FIG. 5 .4  Calycanthue occidentali s Vascular supply of 

tepals depict d a s  if' flower were sli t  down 
one si de ,  opened out and reduced to one plane 

Cortical system and i t s  branche s (tepal laterals ) 

indicated by solid lines and stelar system nd idveina 

as broken lines in appendage s 2-30. 
Considerable simi l rity between thi s cortical 

system and that of the vegetative portion (fig. s. 3b )  
will be noted although there i s  subdivi sion of cortical 
strands , and the connections between adj cent cort i cal 

strands occur at the point s of departure of traces.  
There is le ss similarity between thi s stelar system and 
that of fig  s . 3a ,  the dual ori gin of midvein traces not 

being evident . In most ca se s the midvein , as i t  passes 

through the cortex,  is  joined to the connection between 

corti cal strands. 
It will be seen that some of the higher tepals 

( 20 ,  21 , 26 ,  28 ,  29 and 30 ) lack a later l supply. 

1 57. 
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FIG .  5· 5 Calycanthus o ocidentali s Floral va sculature 

( a ) Photomi crograph of one si de of cleared 

flower indicating flo ral vasculature 

1 58 

fig.  5· 5 

(b ) Diagrammati zed interpretation of fig.  5. 5a 

P = perianth member ( tepal ) - indi cated with lateral 

supply from cortica l  system and midvein from stelar system. 

P-S = appendage of character intermediate b etween 

t epal and tamen ( e . g. 31 in fig. 5 . 1 ) . One trace only 

i s  evident and thi s i s  from the stelar system. 

S = stamen - indicated in thi s view as receiving 

one of the usually two stamen traces from the stelar 

system. 

C = carpel - each also seen in thi s view to receive 

one trace from the atelar system. 

( c ) Stela r  v oular syste of ale red half 

flower as  een from the inside of the 

cup { eo pare fig. 5. 5b )  with supply to 

stamens and carpels  indi cated. 

Each stamen i s  seen to receive one tr ce from 

each ot two adj acent strands. Some carpel are lso 

va cularized in thi s fashion (although traces are com

pletely fu ed in the carpel base ) while other carpels 

receive only one trace . 
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FIG. 5. 6 Calyoanthua oco1dtntal!a Pb7llotax1 a ot 

perianth members 

The numbered dote are the poeitiona ot midTeina 
where appendage s leaTe the receptacle . The diagra h a 

been oonTentionalized with lower e er 1n4ioated 

outermost. In tact there i an 1ncrea e rathel' than 

a decrease in the dia eter ot the reoeptaole a a  thi s 

portion of' the tloral xi 1 a  soended. 

Appendage l'e numbered f'rom 1 (tirst above bract s ) 

to 31 . The opposite (bi jugate ) arl'angement ia evident 

in bl'acta and toll 1' mb re and may b aaid to p rei t 

a short 41 atanoe into the perianth ( i . e. 1 and 3, 2 an4 

4 ,  5 and 7 are a lmo t oppoa1te ) .  Tbereattel' oppo itenese 

1 lost ( e . g. 8 and 1 0 , 1 0  and 1 2  etc. ) .  The higher 

me er seem in f'aot to b arranged in spiral taahion 

a lthough the anal b tween th 1 YBriabl • Paraat1oh-

1ea,  at l at ln &D7 aooepted aenee , 4o t appear to 

exist and with the aeneral ten ene7 to• \he an le 

betwe n aueo as1Tely 1n1t1ate4 appen4a a to increase 
aa the axla la a scend d, a oon tant pbyllotax1 traction 

1 i pNa nt. 

N . B . F i gs 5 . 4  and 5 . 6 have b een compi l e d  from 
the same f lowe r .  
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tig. 5· 1 

PIG. 5 . 7 Chi onanthus trasrans Phyllotaxi ot perianth 

memb ers 

Rotation s in tig. 5. 6 although there are 37 

members indicated. 

The oppo site arrangement of bract and toliar 

members extends into the perianth , a bijugate tendeno7 

becoming evident after the ti rst t en or twelve members. 

This latter arrange ent continues throughout the higher 

perianth me ibers although the highest members could a s  

well be considered as being on a spiral. Again i t  doe s  

not seem po sible to determine a constant phyllotaxi a 

traction by accepted methods. It  i s  po s  ible to imply 

regard the oppo 1 te (bijug te ) arrange ent a s  changing 

to a spiral arrange ent more qui ckly in 0 lrcanthus 

occidentalis than in Chi nanthus trasr n • and this 

is  effect d by larg r ang� developing between 

successively initiat d app ndagee in the tormer pec1es.  
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tigs 6. 1 
6 . 2  

�IG. 6 . 1 Origin of follicles according to the Gonophyll 

theory 

Dotted lines represent va scular bundles. On the 

left two tegophylls are indicated and between them a 

bifurcating ovuliterous branch. The fusion of the 

branches to adjacent tegophyll i s  represented on the 

right . 

FIG. §. 2 Origin of an aoh ne according to the Gonophyll 

theory 

The terile tegopbyll with its  a ociated bifurc

ating ovuliferous b ranch i s  depicted on the left , 

reduction in number ot ovules in the centre , and 

adnation ot the fertile branch to the t gophyll tollowed 

by rolling of the tegopnyll rgina on the right. 
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FIG . 6 . 3  Reconstruction of transverse section from the 

ba se of two flowers of Caltha palustris 

1 62 .  

tigs · 6 . 3 

6 . 4  
6 . 5 

Each embodi e s  the vascular ystem included in ten 

suoce sive sections cut at 1 qu. The "ring"i obvious 

and the base of the tepal supply i s  also depicted. It 

can b e  seen that in no two tepals i s  the vascular upply 

i dent i cal. 

FIG. 6 . 4  Venation of the tive t ep l who se ba se appear 

in fig.  6. 3a .  

The tepal represented o n  the left i s  uppe rmo st in 

the earlier  figure and the others in ord r to th ri ght 

aorreapond to tho se in clockwi se sequence in fig. 6 . 3a .  

Only occ sional an ato o ea between lateral tr cea and 

o ther are evident . 

IO. 6. 5  Babe tic repre n� tion ot in traces (other 

than oarpellaF,J ) in a whol flower ot Ce palu tri a 

thi s 1 again ba d on th tlow r ot tig. 6. 3a 

with th upper t pal of that tigur on the lett in tig. 

6 . 5. The oour e ot trace which a cend beyond tepals -

which tend to biturcat shortly above tep la and there

after retain approximately p rallel cour ea - can b se n. 
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FIG. 6 . 6 Some or the lower c rpels fro m  three eparate 

flowers o t  Caltha p lustri a 

1 6.3. 

:t'igs 6 . 6 

6 . 7 

The drawings indi cate the various types or relation

ship between the carpel traces as mentioned 1n the text . 

The tendency for dorsal traces to leave appreciably 

below ventrals i s  indi cated. 

Reconstruction based on cleared preparations 

at the time or anthe si s .  

FIG.  6 . 7 Vascular �ply t o  all o f  the c rpels ot a 

- singl-e - flower o:r c .  palustri s .  

Part or the ancb-o cial supply i s  a l  o indicated. 

Reconstl"Ucti on ot a ole red tlower at antheai s .  
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�igs 6 . 8  
6. 9 

FIG. 6 . 8  Photomi crograph or rloral bud of Caltha palust

ri s indi cating residual apex above carpels (x50 ) 

giG. 6 . 9  Photomi crograph of cleared halr rlower of 

c .  palustri s  taken shortly after v scular 

ti ssue has rirst appeared in the bud (x25 ) 

Three pedicel traces and portions or a �ourth can 

be seen. Centrally,  traces can be seen to be diverging 

fro two adj acent tepal though not eeting. 
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FIG. 6 . 1 0  Cleared half flower ot Oaltha palustri s at  a 

slightly later st ge than tig. 6. 9.  (x25 ) 

Thi s snows diverging pedi cel traces much close r ,  

i n  tact probably tused. 

PIG. 6 . 1 1  Cleared halt flower ot o .  palustri s bout 

the time ot anthesi s (x25 ) 

The secondary pedicel traces have appeared and 

the diverging pedi cel traces re now definitely tu ed. 

1 6,.  

tiga 6, 1 0  

6. 1 1  
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tigs 6 . 1 2  

6 . 1 3 

PIG.  6 . 1 2  Cleared halt flower ot Caltha pal�stris shortly 

after antheai e (x1 5 )  

eo pared to tig. 6 . 1 1  greater tbi ckne 8 of tra ce s ,  

more b ranching fro secondary pedi cel trace s and connect

ions between a scending trace s above the tepals are evi dent . 

FIG. 6 . 1 3  Simi lar to fig. 6 . 1 2  although prob bly 

slightly older (x1 5 )  

Note ore communication b etween a scending traces 

in the androec1 1 region. Trac to a carp 1 r in 

at upper lett . The two ventr le in clo se proxi ity 

ne r the carp l bas can b ae n eo e di stance above 

the dor l trace . 
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fi g 6 . 1 4  

6 . 1 5  

FIG. 6 . 1 4  Cleared halt flower or C ltha paluetri when 

fruit i s  approaching turit� (x1 5 )  

The reti culation above the perianth i s  incre sing. 

FIG. 6. 1 5  Oleared half ot the mature fruit ot c .  p lustri s 

(x1 5 )  

The r ti culation in the androecial region i s  typi cal 

and here i s  of it  i um xtent . 
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fig.  6. 1 6  

FIG . 6 . 1 6  Diagrammatic repre sentation ot five stages in  

development of vascular system in flower of 

Caltha palustri s 

( a ) Evidence of vascular t i ssue in tepals 

and perianth. 

(b ) Vascular t i ssue well developed in t epal s  

and pedi cel. Development commencing i n  stamens.  

( c )  Stamen t races well developed but not 

yet ba sally connected. The connection ot upper stelar 

regions to the pedi cel strands is incomplete although 

carpellary dorsals are appearing. 

( d )  The stele above the perianth is complete 

and continuous although carpellary dor als are not yet 

j oined to the stele . Carpellary ventrals are appearing. 

Thi s i s  approxim tely equivalent to fig.  6 . 8 . 

( e ) Ploral vasculature at anthesi s.  �l 

j or components are pre ent . Subsi di a ry pedicel 

trands are evident and branches trom adjacent trands 

are tused. Thi s 1 approxi tely equivalent to fig. 6. 1 1 .  
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fig 6 . 1 7  

6 . 1 8  

FIG.  6 . 1 7  (a ) General outline of L. S .  rlower of Caltha 

novae-zelandiae at anthe si s indi cating 
shape of receptacle 

(b ) Simi lar outline of c .  p lustri s 

FIG.  6 . 1 8  Diagrammatic  repre sentation of va sculature of 

flower of c .  novae-zelandiae 
s = stamen t race 

d = oarpellary dorsal 

v = oarpell ry ventral 

FIG . 6 . 1 9  Four stages in the dev lopment of the v oular 

system in a sector of th rlower ot o .  novae

zelandiae 

6 . 1 9  

The carpel depi cted i that cond fro right in tig. 6 . 1 8  

(a ) Evidence of naoul.ar ti sue in t pals and 

pedi cel. 
(b ) Ele ent ot v oular ti e ue appearing 

in eta en and as  a dorsal trace in the c rpel .  
( c ) Carpellary ventral& appearing. 

( d ) At antheai a. 
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figs 6. 20 

6 . 21 

PIG. 6 . 20 ( a ) Floral vascular system ot Oaltha palustrif 
(also figured in f'ig 6 . 1 6 )  

Dotted lines repre ent vascular bundles whi ch if' 

deleted would result in the pattern r presented in (b ) .  

(b ) Derived from ( a ) this corresponds very 

closely to the situation depi cted tor C.  novae-zelandiae 

(f'ig. 6. 1 8 ) .  

giG. 6. 21 Diagrammatic representation of' va culature of' 

flower of' c. obtusa 

'-

= stamen trace 
d = carpell ry dor al 
v = carpellary ventral 
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f'ig. 6·. 22 

FIG. 6 . 22 Reconstruction of vasculature of whole flower 

of' Helleborus niger at anthesi s 

A reticulation of trace i s  clearly vi sible in the 

androecial region and variability of' carpellary tr ce 

origin i s  also evident . Thi s is  at a stage approxi mately 

e quivalent to fig.  6 . 26. 

d = carpellary dorsal 
v = carpellary ventral 
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FIG . 6 . 23 Photo icrograph of cleared half flower of 

Helleborus niger (x1 5 )  

1 72 .  

1"igs 6 . 2 3  

6 . 24 

At thi s tage traces have not long been e stabli shed 

and the ba se s  of stamen traces are not yet fused. 

FIG. 6 . 24 As with 6 . 23 but with bases ot stamen traces 

now fused to tor e ssentially straight parallel 
tra ces in the androecial region (x1 5 )  
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PIG. 6 . 25 Cleared half :tlower o:r Helleborus niger just 

prior to anthesi s (x1 0 )  

Undulation of stelar trand in the ndroecial 
region are e specially obvious . 

FIG. 6 . 26 A 6 . 25 although at anthesi s (x1 0 )  

1 73� 

:tigs 6� 25 
6 � 26 

A reticulation of vascular strands in the androecial 

region i s  now evident . 
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FIG. 6. 27 Diagrammatic  representations of five stages 

in the development of the upper portion o� 

1 74. 

ftg. 6. 27 

the �loral vascular system of Helleborus niger 

(a ) Stamen and dorsal carpellary traces 

appearing. (Approximately e�ivalent to fig. 6 . 2 3 )  

(b ) Stamen and dorsal carpellary traces  �used 
to produce a recogni zable stele . (Approximately equiv

alent to fig. 6 . 24 )  

. ( c ) Undulations appe ring in telar bundles 

in androecial region. (Approximately equiv lent to 

fig. 6 . 25 )  

( d )  Situation at anthesi a. (Approxim tely 
equivalent to fig. 6 . 26 ) 

( e ) e tage as  ( d ) but drawn fro an 

a ctual cleared halt flower. 
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fig., 6 . 28 

PIG. 6. 28 (a ) Diagram of floral vasculature of Aguilegia 

vulg r1a compiled from half flowers 

cleared t anthesi s 
One trifurc ting trace can be seen to contribute to 

each sepal ( se ) , two (whi ch 7 or may not remain di stinct 
in the appendage ) to each petal (p ) , and two (which 

become fused in the appendage ) to each stamen ( s ) . The 
dorsal carpellary trace (d ) has origins like stamen 

traces whi le carpellary ventral (v ) appear to be direct 

continuations of stelar strands. 

(b ) Simi lar diagram to (a ) but compiled in 

order to empha i ze sequence of ppearance 
ot major  va oular components 

Solid line indic te t1r t tiss�e to appear,  long 
dot ted b roken linea that which appears econd, and hort 
dotted broken line s that which ppear 1 t .  
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FIG .  6 . 29 Development of the floral vascular system of 

Ranunculus repen 

(a )  and (b ) are based on young cleared half flowers,  

( c )  is  after T pfer 1 953· 

( ) Shortly after v scular tissue has ppeared 
in the floral bud. A single trace i vi sible in e eh 

sepal , petal and stamen. Dotted lines indi cate develop

ing strands , ( i . e . basal connections of carpellary 

traces are not yet establi shed ) . 

(b ) Just prior to anthesi • Three traces can 

be  seen running to e oh sepal , one ( trifurcating )  in each 

petal and one in each stamen and each carpel. 

( c ) Young frui t tage . Oon iderable thicken
ing of lower trand t end to obscure precise n ture of 

sep 1 ,  petal and ta en tr ce origin • The ventr l 

c rpellary bundles � not hown. 

C = C Q l  

e = t n 

p = pet 1 
s = ep 1 
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t'ig. 6. 30 

FIG. 6 . 30  Vasou1ature of' t'ollicles (A-E) and of' achenes 

(P--o )  at'ter Eames ( 1 961 ) 

As commented in the text , the exi stence of' stelar 
bundles between the three running to  a carpel in Helle

borus (A)  would be mo st surpri sing and may indeed b e  n 

error. It i s  al o commented that the gap between the 

mo st reduced t'olli ole shown ( E  Waldsteinia ) and the 
t'irst achene (F Geum ) is not et't' cti vely bridged either 

in thi s drawing or in me ' accompanying description. 
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FIG. 6 .  31 Diagrams indi cating possible relationship 

between unilacunar and tri lacunar nodes 

(aohene and follicle respectively ) 

a. Follicle type vasculature after secondary 

thi ckening ha s occurred. ( Stele cross  hatched ) 

1 78.  

fi g.  6 . 31 

b .  Some of the hypothetical types which could be  
intermediate between folli cle and achene . 

c .  Achene type vasculature . 

d. l Types of node in Hi eracium after secondary 
e .  thickening ha s taken place . ( Stele black ) 

f.  d could be regarded as  achene type , t as 

f'olli cle type and e as an intermediate (af'ter 

Philipson ) . 

g. l The transparency superimposed on d ,  e ,  and t 
h. indicates the increased variety which 

i .  might be evident if only primary t issues 

were considered. Such intermediate types 
seem unknown among follicle s  and achenes. 
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