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RESUMEN 

Sugerencias previas referidas a la evolución de las especies Macaronésicas de Sonchus 
(Comipositae - Lactuceae) subgénero Dendrosonchus dentro de las dos tendencias básicas se 
completan con investigaciones de los modelos vasculares nodal y peciolar. El número de 
lagunas en el nudo varía de tres a diez y los vasos peciolares también exhiben una amplia 
variación de tipos. Como estos modelos de vasos peciolares no han sido descritos presa
mente para ningún otro Angiosperma, se sugiere una nueva terminología. Los cuatro tipos 
básicos son denominados el U-type, el U-plus-phloem-type, el O-by-phloem-type y el O-by-
xylem—and-phloem-type. El número primitivo de lagunas en el nudo se considera que es tres 
y la condición vascular peciolar primitiva es el U-plus-phloem-tyipe. 
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INTRODUCTION 

The subgenus Dendrosonchus Webb ex Schultz Bip. compri-
ses the woody, pachycaulous members of the genus Sonchus L. 
which are endemic to the islands of the Cañarles, Madeira and Cape 
Verdes with one species also occurring in Western Morocco. Two 
sections are recognised within the subgenus, being Dendrosonchus 
with fourteen species and five subspecies and Atalanthus (D. Don) 
DC. with three species and five subspecies (Aldridge, 1976b). The 
morphological characteristics of the group have previously been 
described (Aldridge, 1976a, 1976b) and using this Information in 
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conjunction with that of anatomy the evolution of the members 
may be elucidated. It has been shown (Aldridge, 1977) that two ma-
jor trends of evolution, one within each of the two sections, can be 
interpreted from the quantitative and qualitative observations of 
the tracheary elements. The present study of the nodal and petiolar 
vascular patterns is used to clarify, within the two sections, the 
evolutionary situation of the species. 

MATERIALS AND METHODS 

Fresh material was found to give the best results but when 
this was unobtainable herbarium specimens were used after 'revi-
ving' the appropiate parts in boiling water. Voucher specimens of 
the material used for this study are preserved in the herbarium, 
Reading University. Many samples were examined and several no-
des were serially sectioned from each sample, the series being cut 
from the región below the node to that above it. Where a leaf was 
still attached to the stem, that is in the higher or youn^er regions 
of the stem, the serial sections were taken from below the node and 
into the petiolar región up to 30 mm along its length. Several pe-
tioles were sectioned to determine the constancy or variability of 
the vascular patterns. 

Howard (1974") stated that to obtain the nodal and T)etiolar 
vascular patterns in three dimensions it is necessary to make sec
tions proEíressively from the internode, through the node and into 
the petiole. Initiallv. sections were taken at wide intervals throus'h 
these reffions to determine where the critical áreas of üattern 
chance occur. As this method of investíffation entailed very large 
numbers of sections the staining used was the rapid, temporary, 
microchemical test for lignin by phloroglucinol and concentrated 
hydrochloric acid. Free-hand diagrams were made of each section 
and interpretations of the three-dimensional vascular structures 
were made. The interpretation of vascular patterns in herbarium 
material proved to be more difficult, especially when the leaves 
had become detached from the stem in the process of drying. It 
was at this juction that petiole vascular patterns were found to be 
rnost critical in fresh material. 

RESULTS 

The nodal and petiolar vasculatures of Dendrosonchus s.l. 
are extremely variable from species to species. The numbers of 
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lacunae at the node range from three to ten. Each lacuna is formed 
by the departure from the stele of one leaf trace which may remain 
discrete throughout the length of the petiole, or it may divide into 
two or more traces before or after it has entered the petiole. 

There are four basic types of petiolar vascular supply in the 
subgenus Dendrosonchus and these are illustrated in Figure 1. 
Using the typology of Haré (1942-3), the simplest petiolar vascu-
lature is the U-type as shown in Figure IB. For purposes of descri-
bing the three-dimensional structures of the nodes and petioles 
from two-dimensional diagrams of the sections, movements of bun-
dles to new situations from section to section are given. These 'mo
vements' are, however, not intended as interpretations of directions 
of development. Figure 1 Ba shows the departure of the leaf traces 
from the stele. There are usually three lacunae but in some species 
with this type, one or two minor, lateral lacunae have ben seen. 
Figure 1 Bb, the proximal portion of the petiole as it departs from 
the stem, shows that the leaf traces have divided to form subsi-
diary, lateral vascular bundles. In the central región along the pe
tiole, as shown in Figure 1 Be, these vascular bundles remain un-
divided and are positioned in the petiole in a U-shape. This shape 
continúes through the petiole to the distal position, as seen in Fi
gure 1 Bd, but the minor, lateral traces have fused. 

A modification of Hare's system is required to describe the 
other basic types of petiolar vascular supply found in Dendroson
chus. These types have not previously been described for any an-
giosperm and, therefore, a new terminology is proposed. The second 
type is here called the U-plus-phloem-type as illustrated in Figu
re 1. Figure 1 Aa shows the leaf traces departing from the stele. 
The numbers of lacunae found in the species with this type are ei-
ther three, three with one or two minor laterals, five, five with one 
lateral, six or seven. After the vascular bundles have moved into 
the proximal position of the petiole, as shown in Fi<?ure 1 Ab. small 
phloem strands depart from the phloem regions of the bundles to 
positions between them. Some of these pholem strands mav then 
move towards the adaxial position of the petiole. Figure 1 Ac shows 
the situation in the central región along the petiole where the ada
xial phloem strands are beginning to fuse with one another and to 
move to fuse with the phloem of the extreme lateral bundles. Also 
the phloem strands remaining on the abaxial side show a tendency 
to fuse back into the phloem of the abaxial vascular bundles. Figu
re 1 Ad shows the situation in the distal región of the petiole where 
there are no longer any signs of phloem strands. The pattern at this 
level in the petiole is practically identical to that in the U-type. 
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The third type of petiolar vascular supply is here termed the 
0-by-phloem-type and is illustrated in Figure 1 C. As in the pre-
vious type, phloem strands only are in volved in a course through 
the meduUary región of the petiole. Figure 1 Ca shows that many 
more leaf traces leave the stele and also that the cortical phloem 
i^trands take part in the vascular supply of the petiole. Six or seven 
lacunae are formed in species with this type. The próxima! región 
of the petiole, as shown in Figure 1 Cb, has these cortical phloem 
strands moving across the petiole to the abaxial position. Some 
strands move from this phloem into the abaxial, cortical región of 
the petiole, while almost immediately the remainder begin to mo
ve back across the meduUary región to the abaxial position as shown 
in Figure 1 Ce. In the distal región, these phloem strands are in an 
adaxial position. The arrangement of the vascular supply then ap-
pears as a ring as seen in Figure 1 Cd. 

The fourth type of petiolar vascular supply is here called the 
0-by-xylem-and-phloem-type. In this situation movement of com
plete vascular bundles with both xylem and phloem tissue through 
the meduUary región of the petiole produces an extremely complex 
pattern. This is the most common type of vascular pattern within 
the section Dendrosonchus, but is only found in one subspecies of 
the section Atálanth^is. This type of petiolar vasculature is shown 
in Figure 1 D. The numbers of lacunae in the stele of this type ran-
ge from three with one minor lateral, to ten. Immediately after the 
leaf traces have entered th enetiole and moved into an abaxial posi
tion. minor lateral bundles depart from them as shown in Figures 1 
Da and 1 Db. These minor traces then move across the meduUary 
resfion and in so doing turn around within the petiole until their 
xylem faces the abaxial side of the petiole i.e. they are completely 
inverted. Figure 1 De shows these meduUary bundles attaining 
this new orientation. They continué to move across the cortex until 
they reach the adaxial nosition where they remain to form a com-
oTete rincf of bundles. This situation is seen in the distal región of 
the netiole as illustrated in Fifjure 1 Dd. 

An intermedíate situation between the U-plus-phloem-type 
and the 0-by-xy!em-and-phloem-type was consistently found in one 
sDecies. iS' platylepis. One or a few strands of xylem and phloem 
move from an abaxial vascular bundle to the adaxial position, but 
almost im.mediately return to their original position. This could be 
termed the U-plus-xlem-and-phloem-type. This species is also in-
terestinp in that strands of cortical phloem move from the stem 
to the abaxial position in the petiole and, therefore, could be con-
sidered as intermedíate between the U-type and the 0-by-phloem-
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type. These abaxial phloem strands do not move towards the ada-
xial position, as in the 0-by-phloem-type, but fuse with the abaxial 
vascular bundles. 

Table 1 gives a list of species with their type of petiolar vas
cular pattern and the numbers of lacunae that have been found. The 
species are listed in the order of their average, vessel length to 
width ratios (as explained in Aldridge, 1977). Sonchus brachylohus 
var. cañarme and S. daltonü have been added to this list and placed 
in the positions where they are thought to fit best on morphological 
evidence (cf. Aldridge, 1976a, 1976b). Sonchus daltonü is a caudex 
(or short, woody-stemmed) perennial species which closely resem-
bles S. acaulis, and it was placed near the end of the list in the sec-
tion Dendrosonchus. 

To illustrate the complex nature of the nodal and petiolar 
vasculature within the two sections of Dendrosonchus, Figures 2, 
3 and 4 show three-dimensional drawings of stems and petioles ot 
30 mm of selected species. For simplicity the stems are shown as 
cross sections through the vascular tissue. The phloem strands can 
be distinguished as they are represented by simple lines (dotted 
when on the adaxial surface), whereas xylem and phloem strands 
are solid lines. Figure 2 A is the nodal and petiolar vascular supply 
found in S. arboreus which has three lacunae and the U-plus-phlo-
em-type of petiolar vasculature. The U-type in section Atalanthus 
is illustrated by S. leptocephalus subsp. leptocephalus in Figure 2 
B. Here a minor, lateral strand, making its own small lacuna, is 
shown. The O-by-phloem-type of vasculature in section Atalanthus 
is found in S. pinnatus subsp. palmensis and is illustrated in Figure 
2 C. 

Figures 3 and 4 show the types of vasculature in species of 
section Dendrosonchus. Figure 3 A represents the U-plus-phloem-
type found in S. brachylohus. Only a minute amount of phloem 
was seen to supply the adaxial position for a very short distance in 
the proximal región of the petiole. The U-type is illustrated by S. 
fauces-orci in Figure 3 B. The intermedíate type of petiolar vascular 
supply between the U-plus-phloem and the 0-by-xylem-and-phloem 
types is shown in Figure 3 C. This situation, the U-plus-xylem-and-
phloem-type, is surprisingly asymmetrical and is found in S. platy-
lepis, as discussed above. Figure 4 A shows the O-by-phloem-type 
as seen in S. congestus. Figures 4 B and 4 C depict the vascular pat-
terns of the nodes and petioles of S. radicatus and S. acaulis, respec-
tively. The, both have the 0-by-xylem-and-phloem-type of petiolar 
vasculature. 

Sections through the distal end of the petioles of Dendro-
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sonchus show a simple are or a ring of sepárate bundles. AU are 
provided with a peripheral zone of chlorenchyma, but no other 
strengthening tissue. The medullary región is composed of large, 
thin-walled parenchyma which is distinguishable from the cortical 
parenchyma. Fibres commonly occur on the inner side only of the 
vascular bundles as in S. radicatiís subsp. tectifolius and S. hrachy-
lobus, on both the inner and outer edges as in S. arboreus, S. hie-
rrensis and S. hornmuelleri or they are entirely absent as in S. con-
gestus and S. platylepis. 

DISCUSSION 

The anatomy of the región of the node has generally been 
considered as conservative. Sinnott (1914a) investigated the nodal 
structures of many angiosperms with the view of determining 
bread áreas of relationship. The angiosperm node typically has an 
odd number of leaf traces, each departing from a distinct gap in 
the vascular ring. According to Sinnott the number of bundles and 
gaps is usually constant among related groups and every family 
has a relatively invariable characteristic nodal formula. Sinnott 
considered that the ancient type of node among the dicotyledons 
had three bundles, each leaving an individual gap in the stem cylin-
der. He termed this condition trilacunar and as it is widespread in 
many unrelated families he suggested that it may represent the an
cestral condition. He envisaged the trilacunar condition as having 
been modified both by reduction and by amplification. The unila-
cunar type of nodal structure has a single or múltiple foliar supply 
arising from a single gap and Sinnott considered it to be derived 
from the trilacunar by reduction and gave evidence from a few 
transitional families. Alternatively the multilacunar condition was 
considered to have been derived from the trilacunar by amplifica
tion. 

The type of nodal structure was found by Sinnott to be ge
nerally independent of the size, shape or mode of attachment of 
the leaf. Several instances were encountered in v/hich the leaf was 
so reduced by adaptation to xerophytic or hydrophytic conditions 
that it was only supplied by a single bundle instead of by the hi-
gher number which normally characterized the other members of 
its family. These cases were considered to be comparatively rare 
and their nodal anatomy to be of little taxonomic valué above the 
species level. Sinnott (1914b) examined the nodal structure of 164 
families in 35 orders of angiosperms. He found the majority of 
plants with a trilacunar node to be stipulate, although entire-leaved 
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families which had the trilacunar condition generally lacked stipu-
les. The family Compositae was found to be trilacunar or, in a few 
membres, multilacunar and he concluded that the trilacunar node 
may frequently have becoma expended into a multilacunar one 
within the same family or aven in the same genus. This family com-
prises genera with and genera without stipules. In almost all plants 
with a unilacunar condition stipules were absent and the lea ves of 
those plants with the multilacunar condition all had a more or less 
sheathing base. Sinnott rarely found the trilacunar and unilacunar 
types occuring in closely related groups. Sinnott's suggestions, ela-
borated from work at the family level, do not apply to Dendroson-
chus. All members of section Atalanthus are petiolate without she
athing bases or stipules but, as has been shown, both the trilacunar 
and multilacunar conditions are present. In section Dendrosonchus 
two of the three species which have the trilacunar condition have 
petiolate leaves without sheathing bases or stipules. The third spe
cies, S. brachylobus, has sheathing leaf bases and, therefore, also 
does not conform to Sinnott's findings. 

Howard (1962) introduced a system of classifying the main 
pattern of vascular structure in the petioles of woody Dicotyledons. 
He analysed over 160 families ,examining serial sections through 
the petioles to reconstruct a three-dimensional vascular pattern. He 
considered the vascular structure of the petiole to be most useful 
at the generic level and in a few cases at the family level. Where 
it appears to be useful at the specific level he suggested that this 
may indícate generic segregations. He examined the variability of 
the petiolar patterns in different plants, in plants of different ages 
and conditions of growth, in different regions of the same plant, 
in plants froni different habitats and in fresh or dried plant mate
rial. He found very little variation and the three-dimensional pat
tern of vascular structure in the petiole was considered to be a cha-
racter of great taxonomic valué. Howard (1974), in revising his pre-
vious classification of nodal types, mentioned that generic varia-
tions have subsequently been found. He considered the vascular 
pattern of the petiole to be of valué as a taxonomic character. The 
systematic level of the taxonomic valué was thought to vary from 
one group to another. Families could be recognised in some cases, 
an genera, species or varieties could be distinguished in others on 
the basis of their petiolar vascular patterns. 

Howard (1962, 1974) recognised thirty-nine patterns of no
dal and petiolar vasculature of woody Dicotyledons. These covered 
the origin of traces from the stem and their various changes thro
ugh the petiole until the position became stable in the geometrical 
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centre of the petiole. According to Howard's system of classiñca-
tion, subgenus Dendrosonchus has the 'Miconia' and the 'Ricinus' 
types, both of which are equivalent to the U-type here. Howard's 
system does not accommodate the other types found in this group. 
The distinguishing feature between the 'Miconia' and 'Ricinus' ty
pes is the trilacunar node in the former and the multilacunar node 
in the latter. A similar criticism of Howard's classification was ma-
de by Drury (1973). He examined the Australasian, shrubby Sene-
cioneae and recognised two categories of petiole-node vasculature, 
simple and complex. The nodes ranged from five- to nine-lacunar. 
The complex types possessed medullary bundles which aróse from 
the lateral leaf trace bundles. These medullary bundles either for-
med a U-V shape in the petiole (cf. Haré, 1942-3), or fused to form 
a single strand. The simple condition was found in species with 
three or five (to six) lacunae. The departing traces remained dis-
crete along the entire length of the petiole in the U-V-shaped con-
figuration. Drury also found that species with sessile leaves exhibi-
ted a range of nodal configurations similar to those with petioles 
but the vascular pattern in the basa! portion of the midrib was of 
the simple type. The simple condition, as described by Drury, has 
also been reported for other Compositae by Petit (1888) and Metcal-
fe & Chalk (1950). In Howard's scheme this simple condition is the 
'node 3-3, bundles free' and also 'node multilacunar, many traces 
from equal numbers of gaps' (Howard, 1962). Drury stated that 
species with five- to nine-lacunar nodes and a complex petiolar ana-
tomy are not properly covered by Howard's classification. 

In considering the phylogenetic sequences variously propo-
sed by different authors, Howard (1974) stated that the ancestral 
form of the modern leaf are either lacking or have not been recog
nised and, therefore, any attempts to determine the primitive type 
of node are considered to be futile. The primitive node, from the 
trace-gap point of view, has been proposed as trilacunar with single 
traces (Sinnott, 1914a), trilacunar with a double trace in the median 
gap (Takhtajan, 1969), unilacunar with a single trace (Benzing, 
1967), unilacunar with a double trace (Marsden & Bailey, 1955) 
or multilacunar (Ozenda, 1948). Attempts to place in a single phy-
logentic sequence the nodal trace-gap área are considered by Ho
ward to be fundamentally useless as such characteristics of modern 
plants must be recognised as mid-pcints in the evolution of the mo
dern leaf. He stated that such expressions are probably parallel de-
velopments from a simple ancestral type. It can, however, be ar-
gued that for those small groups of plants which are in a recent 
state of rapid evolution, the changes in the patterns of nodal gap-
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trace área will be very informative. Howard's stateraent was based 
essentially upon the assumption made by previous authors concer-
ning the evolution of the whole of the angiosperms. I agree with 
Howard that the primitive condition of the nodal gap-trace área for 
the angiosperms probably will not be discovered since the use of 
fresh material is almost essential to this type of investigation. 

Carlquist (1967) examined the shoot vascularization of Den-
droseris in great detall. This genus, of the family Compositae tribe 
Lactuceae, comprises pachycaulous plants from the Juan Fernan
dez Islands and is considered by Jeffrey (1966) to be taxonomically 
related to Dendrosonchus. This study, therefore, is of some valué 
for comparisons with the morphologically similar, insular subgenus 
Dendrosonchus which is discussed in the present work. The nodes 
of all species of Dendroseris were found to be multilacunar. In so
me species the medullary phloem strands were reported to take 
part in the vascularization of the petioles. The leaf traces departed 
as a simple are but further along the petiole formed a ring of bun-
dles. Carlquist explained the presence of the adaxial bundles by 
the formation of an adaxial meristem which he found during onto-
genetic studies of apical meristems of leaf primordia. He called the-
se adaxial bundles 'supernumeraries' and stated that they may be 
either phloem strands or xylem and phloem strands. The medullary 
phloem strands of the stem entering the petiole became aligned on 
the adaxial faces of the main vascular bundles, thus making these 
bundles bicollateral. Other phloem strands in the petiole were con
sidered by Carlquist to have arisen 'de novo'. The petiolar vascular 
supply of the members of Dendrosonchus differs from those given 
for Dendroseris by Carlquist in the following features: the phloem 
strands in the outer cortices of the stems of Dendrosonchus species 
contribute, in a few species, to the vasculature of the petiole; the 
medullary phloem strands, present in all species, have not been 
seen to take any part in the vascular supply of the petiole; and the 
bundles of xylem and phloem in the petiole are coUateral, as oppo-
sed to bicollateral in Dendroseris. The adaxial bundles in the petio
les of Dendrosonchus do not originate from the apical meristem of 
the leaf, as reported for Dendroseris by Carlquist, but arise by mo-
vements of bundles from the abaxial side across the medullary 
región as described above. 

In the section Dendrosonchus the complexity of the petiolar 
vasculature does not always correlate with leaf-lamina área. The 
species iS. platylepis, which has the less complex U-plus-xylem-
and-phloem condition, has larger leaf-surface áreas than do the 
subspecies of S. radicatus, all of which possess the 0-by-xylem-and-
phloem-type of petiolar vasculature. In this section the U-type is 
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found only in S. fauces-orci which has larger leaf, surface áreas than 
S. hrachylohus having extra phloem strands in the petiole. In the 
section Atalanthus the size of the leaf surface áreas of each species 
does not appear tonrelate with their petiolar vascular condition, 
except in the subspecies of S. leptocephalus which have the smal-
iest leaf-surface áreas and the reduced U-type vasculature. 

In Table 1 the species are listed in the order of their average 
vessel length to width ratios, as explained above. The numbers of 
lacunae can be seen to increase from three in the most primitive 
member of section Atalanthus (based on vessel anatomy in Aldrid-
ge, 1977) to six or seven in S. pinnatus subsp. palmensis, considered 
to be the most derived member of this section. Where minor, late
ral traces were found these have been given as ' + 1 ' or ' + 2' added 
to the number of major lacunae with which they are associated. 
Sonchus leptocephalus subsp. capillaris again appears to be more 
primitive than subsp. leptocephalv^, if the trend in increasing la-
cuna numbers is considered as showing an evolutionary pathway. 
This situation in subsp. capillaris may result directly from its ha
ving more reduced leaves. This correlation with leaf área does not 
apply in all cases, since S. arhoreus has much broader leaf lobes 
than either subspecies of S. leptocephalus and yet has three lacu-
nea which is considered to be more primitive. Sonchus pinnatus sub
species pinnatu^ and canariensis have fewer lacunae than subsp. 
palmensis, indicating once more that the latter, on this particular 
piece of evidence, is more derived. 

In section Dendrosonchus the same trend in increase of lacu-
na numbers was repeated.SoncTiws hrachylohus, the species-regar-
ded as most primitive on grounds of vessel anatomy, has three (or 
three plus two minor) lacunae, and S. acaulis, the most derived 
species, has nine or ten lacunae. In many cases the different num
bers of lacunae given for each species were found in one individual 
sample. In this section the number of lacunae is again not always 
correalted with the área of leaf-lamina. For example, S. radicatus 
subsp. tectifolius has pinnatisect leaves with small lobes but has 
the same range of lacuna numbers as S. congestus which has lar
ger, slightly pinnatifid leaves. Increases in the área of leaf-lamina 
(regardless of the extent to which the leaf is divided), in the dia-
meter of the petiole and in the pulvinus área of the sheathing leaf 
bases, which are present in some species, generally, however, tend 
to correlate with an increase in the number of lacunae. Those spe
cies within section Dendrosonchus with the primitive number of 
three leaf gaps are S. hrachylohus, S. faux:es-orci and S. pinnatifi-
dus. The latter two species may, therefore, be considered on this 
evidence to be the earliest departures from the ancestral line. 
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The species which were found to have the minor lateral la-
cunea probably represent intermedíate stages between the primiti-
vely low numbered condition and the more derived condition of 
higher numbers. These minor lacunae probably aróse by the retar-
dation of the time of departure of the leaf traces from the stele. A 
study of the ontogenetic development of the vascular supply to the 
leaf may be required here, but even then the sequence of the evo-
lutionary change, as proposed here, would not be established. In 
many species, after a major leaf trace has moved away from the 
stele into the cortex of the stem this trace begins to divide into two 
or more traces before entering the petiole. If these secondary leaf 
traces were delayed in their departure from the stele then small 
lateral leaf traces would be seen at the node. This is in fact the 
case. In those species with minor, lateral leaf traces these traces 
were in some samples, extremely cióse to the major, median trace 
and separated from it only by a negligable amount of vascular tis-
sue. In other samples of the same species this distance between the 
lateral and the median trace was much greater. I suggest that this 
has been the mode of the evolutionary trend in the increasing num-
ber of lacunae in Dendrosonchus s.l. 

In section Atalanthus all types of petiolar vascular supply 
but the U-plus-xylem-and-phloem-type were found. In the most pri-
mitive member, S. arhoreus, the condition is the U-plus-phloem-type. 
Il the trends for the vessel length to width ratios and for the la-
cuna numbers are considered as valid, then the U-type, the 0-by-
phloem-type ond the 0-by-xylem-and-phloem-type are derived from 
the U-plus-phloem-type. In section Dendrosonchus the most primú-
tive member, S. brachylobus, also has his U-plus-phloem-type of 
petiolar vascular supply and, therefore, the above consideration is 
strengthened. The movement of the phloem strands from the phlo-
em of the abaxial vascular bundles to the adaxial position has been 
retarded in S. leptocephalus subspecies leptocephalus and capilla-
ris, possibly because the leaf área is more reduced in these two 
subspecies than in S. arhoreus, as discussed above. This is one path-
way of evolution that the species appear to have taken in section 
Atalanthus. The second is to a more complex situation in S. pinna-
tus subsp. pinnatus, where the phloem strands are accompanied by 
elements of the xylem from their respective abaxial bundles. The 
movement of these, subsequently adaxial, bundles to the point of 
fusión with the lateral bundles, as in the U-plus-phloem-type, has 
been retarded, thus giving the 0-by-xylem-and-phloem-type. Son-
chus pinnatus subsp. canariensis has lost this complex pattern and 
possesses the U-type. The 0-by-phloem-type of petiolar vascular 
supply is quite unusual for the subgenus and was found only in S. 
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congestus of section Dendrosonchus and S. pinnatus subsp. palmen-
sis of section Atalanthus. Although phloem strands from the cortex 
of the stem are seen to move into the petiole with the leaf traces 
in one other species, S. platylepis, it is only in the former taxa that 
these strands play an important part in supplying the adaxial bun-
dles of the 0-type condition. This condition may have arisen first 
by the retardation of the phloem strands in the U-plus-phloem-type 
to give the U-type, as explained for S. pinnatus subsp. canariensis. 
Subsequently the role of these phloem strands was replaced by cor
tical phloem strands. This must have been a secondary accomplish-
ment in the evolutionary development of the species as the 0-by-
xylem-type which does not involve cortical phloem probably de-
veloped from the U- or the U-plus-phloem-type. This has been the 
conclusión to the second branch of petiolar evolution within the 
section Atalanthus. It is obvious from this account that the evolu
tion of the patterns of petiolar vasculature, although constant for 
a species or subspecies, has occurred by the simple conversión of 
one type to another. The cause of these changes is unknown but it 
is clear that an increase or decrease in leaf área is not of prime im-
portance, as exemplified by S. pinnatus subsp. palmensis which has 
much broader leaf-lobes and larger leaves than S. pinnatus subsp. 
pinnatus. The petiolar vascular pattern constitutes a reliable, speci-
fic and subspecific character. 

The retardation of the phloem strands in the U-plus-phloem-
type to form the U-type has occurred only once in section Dendro
sonchus. This has been in the derivation of S. fauces-orci, conside-
red above to be one of the earliest departures from the ancestral 
line on evidence from numbers of nodal lacunae. More than half of 
the species examined in this section have the 0-by-xylem-and-
phloem-type and these are considered to be the most derived spe
cies. Sonchus congestus has the 0-by-pholem-type vascular condi
tion the probable derivation of which has been discussed above. 
This species has a relatively primitivo position in the section Den
drosonchus, based on vessel antomy. The intermedíate situation in 
S. platylepis, where the cortical phloem strands enter the petiole 
but do not move to the adaxial position, also suggests that this se-
quence of events is plausible. 

In conclusión, four basic types of petiolar vascular supply, 
one intermedíate type and from three to ten lacunae are present 
in the species of the subgenus Dendrosonchus. The differences bet-
ween the species and subspecies, with respect to these features, are 
generally constant and could be useful taxonomically if this is 
considered to be practical. It is unusual to find such a wide range 
of petiolar and nodal conditions within a small, closely related 
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SECTION ATALANTHUS 

Sonchus arboreus 

S. leptocephalus subsp. capillaris 

S. pinnatus subsp. pinnatus 

S. leptocephalus subsp. leptocephalus 

S. pinnatus subsp. canaríensis 

S. pinnatus subsp. palmensis 

TYPE OF PETIOLAR 

VASCULATURE 

U + Ph 

U 

0-by-X+Ph 

U 

U 

0-by-Ph 

NUMBERS OF 
NODAL 

LACUNAE 

3 

3 

3 + 1, 5 

3, 3 + 1 

3+2 

6, 7 

SECTION DENDROSONCHUS 

S. brachylobus 

S. brachylobus var. canariae 

S. fauces-orci 

S. congestus 

S. frulicosus 

S. pinnatijidus 

S. platylepis 

S. radicatus subsp. gummifer 

S. radicatus subsp. radicatus 

S. radicatus subsp. tectifolius 

S. hierrensis 

S. daltonii 

S. bornmuelleri 

S. acaulis 

U + Ph 

U + Ph 

U 

0-by-Ph 

O-by-X+Ph 

U + Ph 

U + X+Pih 

O-by-X+Ph 

0-by-X+Ph 

O-by-X+Ph 

O-by-X+Ph 

O-by-X+Ph 

O-by-X+Pb 

O-by-X+Ph 

3, 3+2 

5+1 

3, 3 + 1, 3 + 2 

5, 5 + 1 , 5+2 , 6 

5, 6 

3, 3 + 1, 3+2 

5, 5+1 

5, 6 + 1 , 7, 7+1 

5, 5 + 1 , 5 + 2 

5 + 1 , 6, 7 

6, 7, 7 + 2, 8 

7 

7 + 1 

9, 10 

TABLE 1. The types of petiolar vasculature and numbers of nodal lacunae in the species 
of subgenus Dendrosanchus s.I. 

U = U-type; U + Ph = U-plus-phloem-type; U + X+Ph = U-plus-xylem-and-phlem; 
O-by-Ph = O-by-phloem-type; O-by-X+Ph = O-by-xylem-and^hloem-type (see text for 
details). 
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group of plants. The diversity of vascular patterns at the subge-
neric level may reflect the rapid and recent evolution of Dendro-
sonchiLS. On the basis of the evolutionary trends in vessel anatomy, 
as proposed in an earlier paper (Aldridge, 1977), the primitive num-
ber of lacunae at the node for the subgenus is suggested to be three, 
and the primitive petiolar vascular conditions to be the U-plus-
phloem-type. From these primitive conditinos evolutionary trends 
towards more complex situations such as the 0-by-xylem-and-phlo-
em-type petiolar vasculature and the multilacunar nodal condition 
have occurred. The proposed evolutionary trends within petiolar 
and nodal vasculatures are based on the evidence provided by ves-
sel anatomy. As stated previously (Aldridge, 1977), two major li-
nes of evolution are proposed, one within each of the two sections 
Dendrosonchus and Atalanthus. The trends in petiolar and nodal 
vasculatures are considered to be useful for the interpretation of 
directions, within each of the two sections, in which different spe-
cies have evolved. 
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