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PREFACE.

THr epilogistic nature of a preface is generally recognised,
especially in the case of a reprinted serial such as this. I take the
opportunity, therefore, of giving more precision to the number of
species as mentioned in the Introduction. Since that was written
a careful examination of the number of species and genera in the
Compositee which are upheld in the Index Kewensis and its
Supplements up to 1910 has been completed, and has given the
following figures. Total number of genera—997 ; genera not in the
Genera Plantarum of Bentham and Hooker—199, of which 54 are
old genera sunk in the original Index and resuscitated in the
Supplements; 145 are new genera described since 1873. Total
number of species—22,749, without including the genus Hieracium,
of which it is estimated that about 6,000 microspecies have been
described.

Several points have been revised or modifled during publication.
The most important is the production of new evidence for the
trichome nature of the pappus (p, 284). Other points which may be
indicated are the change in the position of the Homochrominz to
the paosition of basal sub-tribe of the Asterez (p. 306), the change in
the position of the Eu-gnaphaliez to that of basal series in the
Gnaphaliinz (p. 302), the change in the derivation of the
Helenieae from the Senecionez instead of from the Helianthea
(p. 312), and the various minor changes in the positions of some sub-
tribes which are given in Chapter XIII.

Although a full index has not been provided it is hoped that the
letailed Table of Contents together with the Index to Genera (p.327)
may be a sufficient guide to the.contents of the volume.

I would use this opportunity also to thank the many friends
who have helped me with references to literature, material and
sriticisms ; especially would I thank the Director of the Royal
Botanic Gardens, Kew, the Regius Keeper of the Royal Botanic
Garden, Bdinburgh, and the Keeper of Botany, British Museum,
for free access to living and herbarium specimens.



vi Preface.

In his Hooker Lecture to the Linnean Society of London'
Professor F. O, Bower, after giving an account of phylesis in the
Filicales, said “ The Angiosperms offer a still wider fleld; but itsuffers
from deflciencies of evidence, which have already been explained. .
+++oe.. Whatis urgently needed forsuccess amid themultiplicity
of their lines of progressis a widening of the bases of comparison.
There must be a recognitionof new criteria. A revision of the relative
values of the old criteria will also be necessary.” This account of the
Composite is the outcome of a study of the family extending over
about ten years. One of the most notable results is the opening up of
the numerous lines of research which are indicated throughout the
text, and in which I hope others will find the interest that leads to
further research. In so far as success has been achieved in the
unravelling of the tangled skein of the descent of this particularly
large group of Angiosperms, it is due to the recognition of new
criteria and the critical revision of the old criteria.

Apart, however, from any scientific progress which has been
made in our knowledge of the Compositee, the study of this wonder-
ful group has become a labour of love, as it has always been with
those who, like Berkhey, Cassini, Remy and Bentham, have
attained an esoteric knowledge of the family of which J. J. Rousseau
wrote—* On voit, dans les Composées, des métamorphoses et un
enchainement de merveilles qui tiennent tout esprit sain qui les
observe dans une continuelle admiration,”

September, 1919. J. S.

! Jour. Linn. Soc., Bot., XLIV. 1918.
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THE ORIGIN AND DEVELOPMENT OF

THE COMPOSITA.
By James Smarr, M.Sc. (Lonn.), Pn.C.

INTRODUCTION.

HE present essay is an attempt to throw light on some of the
problems of evolution by the intensive study of a single
successful group. In 1874, when the section on Composita of
Bentham and Hooker’s Genera Plantarum (8) was published, the
family included over 10,000 species; in 1897 when Hoffman com-
pleted the corresponding section of Engler and Prantl’'s Pflanzen-
Sfamilien (42) the number had risen to over 13,000; in the Index
Kewensis and its supplements up to 1910 there are approximately
30,000 species in the family, In such a well-defined and closely
inter-related family the genera tend to be founded on slighter
differences than in other families and the species tend to
become elementary or completely artificial rather than Linnean, so
slight are the differences which are here considered to be sufficient
for taxonomic purposes. In spite of this technicality the larger
groups are_more or less natural and the numerous intermediate
forms between genera and tribes make the family a favourable
subject for evolutionary studies.

The general habit varies so much with climatic and geographical
situation that the vegetative characters are of little value in the
study of the inter-relationships of the tribes, but there are cases
where these features, added to well-marked floral relationships,
conflrm the lines of development already indicated.  The physiology
lirritability of the pollen-presentation mechanism, latex, etc.) and
the cytology can be shown to develop in conjunction with the
:hanges in floral structure, but ultimately the morphology of the
Hower and capitulum is the real test of relationship and development.
The study of the details of the flower in this homogeneous group
yecomes, therefore, particularly important, and as there is least
rariation in the essential parts of the flower these must be considered



2 Introduction.

more important than the very variable non-essential parts, This
was recognised by the first synantherologist, Cassini, and is
conflrmed by Bentham, the only other botanist who has studied the
Compositee sufficiently profoundly to express a sound and independ-
ent opinion, ’

After dealing with the history of the Compositee we shall,
therefore, consider the variation in the form and structure of the
styles and stamens. As these are closely connected in the work of
pollen-presentation the development of that mechanism, including its
susceptibility to stimuli, is of flrst importance.

The variations in the corolla are considered in relation to the
floral development and insect visitors ; the variations in the pappus
are considered in relation to the component parts of the trichome
and the dispersal of the seeds. The characters of the receptacle
and involucre are considered in relation to their development as
indicated by closely allied forms of receptacle and involucre and in
relation to the lines of evolution suggested by the examination of
less variable parts of the capitulum, The various phylogenetic lines
indicated by the critical examination of these floral characters are
tested by the geographical distribution of the groups and the
phyllotaxis and cytology of the family are found to follow the phylo-
genetic lines established by the preceding investigation.

In the discussion of the inter-relationships of the tribes and
genera, use is made of the modern theories of heredity, evolution
and geographical distribution. Some of these may be regarded as
rather speculative, but their use isconsidered justifled by the coherent
account of the evolution of the family which results, Lines for
further research are abundantly indicated and correction or conflrm-
ation of the views expressed will be sought along the various lines of
physiological relationships, cytological and geological development
and the details of geographical distribution.
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CHAPTER 1.

HISTORY OF THE CLASSIFICATION OF THE COMPOSITA.

N the history of synantherology the classifications of the taxo-
nomists have been in the majority of cases more or less artificial
attempts at grouping related genera and only a few have made any
attempt at expressing the affinities of the tribes and sub-tribes. On
theother hand a number of students ofthe Compositz have expressed
views concerning the relationships of the tribes, but these views
have been founded in some cases on somewhat limited enquiries into
the anatomy and morphology of a number of genera.
It has been found convenient, therefore, to discuss the history
of the grouping of the genera into tribes and the history of the
grouping of the tribes according to their supposed relationships in

separate sub-sections.
A. Taxonomy.

The present sub-section deals not so much with the precise
details of the classification of the family as.with the evolution of
the idea of the family as such and of the ideas of the different
tribes as groups. It is an attempt to trace this evolution from the
flrst more or less sub-conscious grouping of Sonchus, Cichorinm and
other Cichorie by Theophrastus to the modern conceptions of
the divisions and sub-divisions of this immense and homogeneous

mass of species. )
Ancient Systems.

Theophrastus. Circa B.C. 320.

The origin of the idea of two of the tribes of the family, the
Cichoriez and Cynarez, seems to be lost in antiquity like the origin
of some other very natural groups, which, as Greene (37) says, must
have been recognised by primitive man from the earliest times.
They are distinguished very clearly by Theophrastus in his Enquiry
into Plants (83). The chicory-like plants (xixwpiddn) discussed
in Book VII, Chapter XI, include Cichorium, Hypocheris, Taraxacum
and Picris, all described and distinguished from one another and
given, moreover, only as examples of the class. The distinguishing
characters of the grouparegiven clearly and concisely. Theophrastus
also mentions in Book I, Chapter X, the pine-thistle and * all the
plants which belong to that class,” the dkavwdiv or GxavBuwdsy.
As he mentions the Acanaceae again more than once it is obvious
that the recognition of the Cynarez as a group was to Theophrastus
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a commonplace. In Book I, Chapter XIII, he also describes a
group of plants distinguished by having the flower on the top of the
actual seeds and with one flower attached to each seed; as these
are described as ¢ all thistle-like plants "’ it seems tolerably certain
that in addition to Cichorieze and Cynareze this perspicaci(;us
Greek recognised the Compositae as a class. The only other large
obviously natural family which corresponds to this deflnition is the
Umbelliferze and this was separated as the Ferulacez.

Dioscorides. Circa A.D. 65.

According to Smith’s Classical Dictionary, Pedacius Dioscorides
probably lived in the second century A.D., but Burgess (16) gives
evidence for a date about 65 A.D. for the writings of this author;
Adanson (1) gives 50 A.D. as the date. The variations in the
different editions of his Materia Medica are notorious but as early
as 1555 the grouping of Sonchus, Cichorium, and Chondrilla by
Dioscorides was amplifled in the annotations of a Castillean edition
by Dr. Andrés de Laguna (23) who noted the similarity to the above-
mentioned genera of Scariola, Picris and Taraxacum,

In the edition of 1598 by Bauhin of Matthioli's Dioscorides (24)
other groupings of Composites are to be noticed, thus Lib. III,
Cap. XIX, deals with Leucantha, identifled as Carduus Marie by
Bauhin and the subject of Cap. XXI is identified with Carduus
stellatus.  Chapter 109 of the same book deals with Tussilago
Farfara,110 and 111 with forms of drtemisia and 112 with Ambrosia;
similarly Anthemis, Parthenium (=DMatricaria) and Buphthalmum
(Bellis, according to Bauhin) are dealt with in chapters 137-139. It
is possible that this grouping of Anthemis and Matricaria forms the
first indication of the Anthemidez and this is rendered more probable
by the development of the group by Brunfels.

16th Century.

Pollowing upon Dioscorides comes a gap in the history of
botany in general of about fifteen centuries. During the 16th
century various commentators on Dioscorides, such as Brunfels (15),
Valerius Cordus (20) and Fuchs (31) established and extended the
Anthemidez while retaining the Cichoriez and Cynarez. Lobel (60)
extended these three groups and classed a few genera of the Asterese
together, Cacsalpino (17) was the first to group the Compositze
as a whole. His ¢ Herbacez pluribus seminibus ™ are divided into
the ¢ Anthemideze” and ¢Cichoracee aut Acanacez.” The
« Anthemidesze,” however, include all the Composites not in the
Cynarez or Cichoriez, while the Anthemidez as recognised by the
earlier writers is considerably obscured.
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17th Century.

Bauhin (6) fails to recognise the Compositee as a family but
retained the groups previously recognised, i.e., the Cichoriez,
Cynareae. Anthemidez and Asterez, and in addition he classed
several of the genera of the Inuleze together. A decade later Gerard
(33) advanced still further with a suggestion of the Calendulez as a
group and the consolidation of the Inulez in addition to the groups
of Lobel.

In the latter half of the century Morison (65) and Ray (72-73)
again recognised the Compositx as a family and agree in retaining
the Cichoriez and Cynarez while confusing all the other tribes. The
remaining authorities of the 17th century, such as Christopher Knaut
(48), Rivini (75), Hermann (39) and Tournefort (84) agree in regarding
the Composites as a family with the Cichoriea as a distinct section,
but confuse the other tribes. Knaut seems to be the first to use the
name Compositz, Ray’s designation is * Composito flore.” Hermann
classes the group as ** Gymnomonosperma Composite.”

18th Century.

The dominating systematist of this century, was, of course, Linné,
but in his three attempts (59) at the classification of the Compositz
he made no progress whatever. Indeed, his first arrangement
included so many external genera, such as Globularia, Protea and
Leucodendron that he can scarcely be said to have recognised the
family at all.  His * Syngenesia” in the Sexual System include
Lobelia, Viola and Impatiens! The Ambrosia group are separated
for the first time in his Natural System.

Linné was preceded by a group of systematists whose ideas on
the Composite varied very much, Boerhaave (12) gives the
character “staminibus propriis coalitis in tubum” for the flrst
time and has one section “semine aculeis donato” which fore-
shadows the Helianthea. Christian Knaut (49), Ruppius (76),
Magnol (62), Ludwig (61), Allionius (2) and Necker (66) made
attempts somewhat similar to the systems of Tournefort and Rivini ;
in some cases the presence or absence of rays was used as a diagnostic
character.

The first botanist to consider the Composita alone was Vaillantus
(85) whose system bearsa distinct resemblance to that of Boerhaave,
with an amplification of the Helianthez. Pontedera (71) gives a
system very similar to that of his contemporary, Vaillantus, but with
suggestions in his grouping of the genera of several tribes such as
the Seneciones, Calendulez, Astereze and Helenie®, which were
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not recognised by that systematist.  Berkhey (9) and Meese (64) also
published dissertations on the Composite but these show little or no
originality,

Adanson (1) reviewed previous systems and places the Campan-
ulacez next the Composite. He recognised some of the previously
distinguished tribes (vide Table I) and followed Linné in separating
the Ambrosia group but retained it within the family. Jussieu (46)
makes the * antherz connata " a diagnostic character of the family
and foreshadows the Arctotidea and Mutisiez in his Cinarocephala
anomalz. In his arrangement of the genera Gaertner (32) follows
Pontedera in the characters (receptacle, pappus and ray) used and
arrives at a similar result, recognising the Inulez and Anthemidez
in addition to Pontedera’s groups.

Early 19th Cenlury.

In the beginning of this century Richard (74), Batsch (5) and
Lagasca (51) followed their predecessors with little or no originality
in the Compositz, except that Richard used the divided or undivided
style to characterise his two sections of the Synantheria.

Cassini, 1813-1834.

~The founder of synantherology and the master in whose footsteps
all subsequent students of the Compositee have followed was
Henri Cassini.  As the result of a systematic analysis of all the
floral characters he arranged the genera of the family into a series
of 20 tribes with sections and sub-sections (vide 18, Vol. 111, Synopsis)
which have been retained as units during the various minor changes
made by later systematists. There is no detail of morphology which
escaped the notice of Cassini,and the present intensive study of the
family by including physiology and geographical distribution can
modify only slightly the grouping of the tribes. Even then
Cassini had already indicated the existing relationships which will be
emphasised later.

Cassinian Period, 1820-1917.

There have been three chief modifications of Cassini’s system,
Lessing (55) by using only the style characters reduced the number
of tribes to eight but retained practically all Cassini’s sub-tribes. De
Candolle (21) followed Lessing with the addition of many original
divisions of the sub-tribes. Bentham (8) returned to Cassini’s system
because he appreciated the value of the characters of the stamens
and he acknowledges this return (7) but claims to have arranged the
family before he was aware his system was so similar to that of Cassini,
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The present system is, therefore, one reached independently by the
only two botanists who ever studied the family sufficiently thorough-
ly to be able to speak with authority

., Other systematists follow these four more or less closely:
Bartling’s system (4) is frankly Cassinian; Link (58) followed
Cassini with several retrogessive variations; Lindley neglects Cassini
and Lessing, returning to Jussieu (56) and later (57) following De
Candolle. Endlicher (29), A. de Jussieu (47) and Eichler (27-28a)
all follow De Candolle. Payer’s arrangement (70) is a curious
atavistic return to the early 18th century and Baillon (3) fuses
several pairs of Benthamian tribes, Hoffmann's arrangement (42)
shows no originality. One or two obvious sub-tribes are sunk and
minor suggestions made by Bentham are carried out. Hoffmann
gives an artificial sub-division of the Cichories, but Engler and
Gilg (30) returned to the Benthamian arrangement. Wettstein (89)

follows Hoffmann.
Floras.

The Floras of any given period usually follow the current system.,
Thus Meese (63) and Nuttall (69) follow Linné; Kunth (50) follows
Cassini with slight variations ; Gray follows first De Candolle (34-35)
and then Bentham (36). Boissier (13) follows Bentham.

American Systems.

The Americans show a tendency to raise the status of thegroups:
thus Jepson (45) raises the Ambrosinz and Madinz to the rank of
tribes ; Britton and Browne (14) raise the Ambrosinz and Cichoriez
to the rank of families ; J. K. Small (79) follows Britton and Browne,
and Bessey (11) raises all the tribes and the Ambrosinz to the rank of
families, making fourteen in all.

Special Memoirs.

Don (25) and Schultz-Bipontinus (78) attempted classifications
of the Cichorie. Nees (67) and Burgess (16) have dealt with the
Asters and Delpino (22) proposed a new sub-division of the Senecion-
idem of Lessing, but these isolated memoirs have had no effect on
the general classification of the family,

Conclusion.

From Table 1 it will be obvious that the history of the classifi-
cation of the Compositsee is cléarly divided into two epochs, pre-
Cassinian and Cassinian, with little or no advance from Theophrastus
until the few decades immediately preceding Cassini, in which some
slight indications are given of the origin of the ideas of a few of
the tribes afterwards defined by the master, The half century
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following Cassini was marked chiefly by the burying of his classic
memoirs by Lessing and De Candolle and the present Benthamian
period is nothing more than a return to the teaching of the greatest

of all synantherologists.
TaBLe I

Tribes recognised from Theoplirastus to 1915.
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1791 Gaertner (+ %) + 2+ + 1+ 2|2 + | +
1791 Necker + ? ? + |+
1801 Rich + 2|2 + + | +
1802 Batsch [ ? + |+
1816 Lagasca + + o+
1818 Nuttall + ? ?

1813-34 | Cassimi (+3) + |+ 1+ [+t + ]+ +1+1+1+1 ]+ +
1820 Kunth + + 1+ 2?4 + | + + |+ |+
1829 Link (+ %) Eo I I S + ? + |+ +
1830 Bartling () + |+ |+ v+ ]+ ]+ + ]+ +]+]+]+
1832 Lessing (% + |+ b+ |+ ]+ +]+ ]+ +]+]+]+
1830-36 | Lindley () + b+l 4+ + ]+ ]+ ]+ + ]+ ]+
1836-38 | De Candolle (%) + 1+ 14 1+ |+ ]+ ]+ + |+ +]+]+]+
1836-40 | Endhicher ()| + | + ]+ |+ ] ]+ + ]+ +]+]+]+]+
1860 Payer 1% + L+
1878 Bentham (H®f + |+ F L+ F [+ ]+ ]+ +
1875 Bossier (+%) + |+ + )+ |+ Fl 4]+ ++)F]+]+
1875-80 | RBichler (+%) + |+ ]+ + ]+ ] +]+]+]+]+]4+]+
1882 Baillon () + 1+ + ]+ ]+ ]+ +]+]+]+]+]+
1831 Gray (+o) + |+ ]+ +]r ]+ +]1+1+1+]1+1+]+
1857 y (+) + L+ + ]+ + |+ |+ ]|+ +]+]|+]+
1884 " (F3) + t+ ]+ 1+ + ]+ +]++ + |+
1897 Hoffman (¥ + |+ ]+ ]+ +]+]+]+]+]+]+]+]+
1898 Britt. & Brown AR R R RN R N RS + | +
1901 Wettatein ) + |+ + |+ F L+ ]+ A+ ]+ |+
1901 Jepson (+ ) L S S (S I T S S + | +
1903-13 | Small, J. K. R 2% R I I O BN B O + | +
1916 Bessey +l+ 1+ P+ ]+ + ]+ ]+

+ Famly or tribe recognised as a group.
+ % Ambrosiace® as a distinct family.
(+ %) Ambrosiacez as a tribe or sub-tribe,



Early ldeas of Relationships. 9

B. Payroceny.

Beyond vague ideas of a common ancestry for some of the
genera obviously very much alike, the pre-Cassinian writers on the
Compositze had apparently no thoughts of the evolution of one
group from another within the family. It is, of course, well known
that many of them were vehemently opposed to all evolutionary
doctrines. As this question of creation or evolution is a general one
and as Cassini was the first to distinguish the tribes sufficiently
clearly to form any correct idea of their relationships the present
account will be given in chronological order from Batsch and Cassini
onwards. Another reason for the chronological order is that it
emphasises the penetration of Cassini and the subsequent neglect
of his valuable work by succeeding writers to the great detriment
of synantherology.

Batsch, 1802.

In his Tabula affinitatum (5) Batsch discusses the affinities of
each of his three groups of Composites. He considers the Lepid-
ocephale (Cichoriez) to be connected with the Cinarocephalze
(Cynarezz and Mutisiez) through Scolymus carduiformus and
Barnadesia, with the Campanulaceze by the aggregation of the flowers
and by the latex and with the Cucurbitacez by the bitter juice and
disagreeable odour. The Cinarocephale he considers to be connected
with the Valerianacez and Proteacea by the exalbuminous seed and
aggregation of the flowers ; similarly the Corymbifera are said to have
affinities with the Campanulacez.

Cassini, 1826.

The form chosen by Cassini for the expression of his views on
the affinities of the tribes of the Compositz is one seldom used but
very useful. In Plate I of the Opuscules (18) he places the nineteen
tribes each in a circle and the circles in an ellipse. Fig. 1 is from
Cassini’s diagram in the Opuscules, which he describes as a “ tableau
exprimant les affinités des tribus naturelles de la famille des
Synanthérées.” The Boopidées are the Calyceracez of modern
systems. The interesting points in relation to the present study of
the Compositze are the affinities indicated between the Senecionez
and the Eupatorieze, the Senecionez and Asterez, the Senecionez
and Anthemidez, the Senecioneae and Mutisieze, and between the
Inulez and Cynarez.

Lessing, 1832.

On page 485 of the Synopsis (55) Lessing gives a table of the
tribes and sub-tribes of which he remarks ‘ Analogiam subtribum
singularum videre licet e tabula sequente.” An examination of this
arrangement (Table 1I) shows that Lessing followed Cassini in his
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Fig. 1. Cassini’s scheme of relationships of the tribes of Compositze.
recognition of the affinities of the Senecionez with the Anthemidez
Asterez and Mutisiez and that he correctly appreciated the similar
affinities between the Senecionea, Calendulez and Arctotideze. Hi:
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12 Delpino and Bentham.

placing of the Othonnez in the Cynaroidex and the Tussilag-
inez in the Eupatoriee marks the affinity of the Benthamian
Senecionez with these two tribes, as the Othonnez and Tussilaginea
now form sub-tribes of the Senecionez. His grouping of the Inulez
and Leyssere®, Tarchonanthea and Gnaphaliez, Buphthalmez and
Relhaniez is interesting as all these are sub-tribes of the Inuloidez
of Bentham. Various other groupings are of minor interest but will
be obvious to the synantherologist.

Delpino, 1871. .

The stress laid upon the anemophily in dréemisia by Delpino
(22) has been shown by Bentham (7) to have led to erroneous
conclusions. His views on the origin of the family as shown in Table
I11 are interesting on account of the recognition of the affinity
between the Lobeliacez and Composita. Itis necessary to remember
however that his Senecionidez is that of Lessing and includes the
Helianthe, Heleniex and Senecionez.

TasLe 111, Delpino’s scheme of the derivation of Absinthium,

Absinthium

A
l

Senecionidex

A
I

Composita

A
I

Lobeliace=

A
|

Campanulacez

Bentham, 1873.

Bentham followed Cassini very closely in his expression of
the affinities of his tribes, as will be seen from Fig. 2, which is the
arrangement given in Plate I1. of the Nofes (7). This diagram fails
to indicate the close affinity of the Senecionez and the Eupatoriacea
through the Tussilaginea, recognised by Cassini and certainly not
obliterated by the removal of that subtribe from the latter to the
former tribe by Bentham. Similarly it omits the connection between
the Cynarea and Inulez noted by Cassini It marks clearly, how-
ever, the affinities of the Senecionea with six other tribes.

In addition to the above diagram Bentham gave expression
to other views on the history of the family in the text of the Notes



TasrLe VI.

Analysis of Style-forms in the Composite.

TRIBES AND SUB-TRIBES

TYPES.

7

8

8a

Yernonieae.
Vernonunae
Lychnophorinae .

Total

Eupatorieae.
Piquerunac
Ageratinae
Adenostylinae . .

Total

Astereae.
Homochrominae
Grangemae
Bellidinae ..
Heterochrominae .
Conysinae AN
Baccharidinae .-

Total

Inuleae,

Tarchonanthinae ...
Plucheinae

Filagininae

Gnaphaliinae
Angianthinae

Rethanunae

Athrixitnae ... .
Inulinae
Buphthalmina
Total

Hellantheae.

Lagascemae .
Millerninae
Melampodunae
Ambrosunae
Petrobinie
Zinnunae .
Verbesininae
Coreopsidinae
Galinsoginae
Madinae

Total

Helenieae.

Jaumetnae
Baernnae
Flaverunae
Tagetinae
Helennnae

Total

Anthemideae.

Anthemudinae
Cheysanthenidinae
Total

Senecioneae,
Liabinae
Tussilagininae
Senecioninae
Othonninae - .

Total

Calenduleae

Arctotideae.

Arctotidinae . .

Gortertnae . ™

Gundelunae .
Total

Cynareae.
Echimopsidinae
Carlininae
Carduinae
Centaureinae . -

Total

Mutisieae.
Barnadesiinae
Onoseridinae
Gochnatunae
Gerberinae . . . ..
Nassauvunae . .

Total
Cichorieae.
Scolyminae ..
Dendroseridinae
Hyoseridinae
Lapsaninae .
Rhagadiohinae
Crepidinae . .
Hieracunae . o .
Hypochaeridinae .,
Lactucinae ...
Scorzonerinae ..
Total
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14 Later Nineteenth Century.

latter. By reduction in the involucre and development of a setose
pappus the Asteroide®, Senecionide® and Inuloidez are said to
have arisen in both Old and New Worlds from this Helianthoid
plexus. Finally by a unilateral development of all the corollas, a
reduction in the involucre and the development of a pappus he
suggests the Cichorie arose also from the ancestral Helianthoidese.
It will be noticed that these opinions scarcely coincide with those
expressed in the diagram (Pig. 2), and they will be discussed later
in the light of the present investigation.

Vuillemin, 1884.

The most comprehensive study of the anatomy of the Com-
positee -is Vuillemin’s Tige des Composées (86), an investigation
“de la valeur des caractéres anatomiques au point de vue la
classiflcation des vegétaux.” He concluded that although anatom-
ical characters may be of value in the identification of fragments
of plants such as drugs and fossil debris or in indicating the affinities
of species within a genus or in special cases even genera within
tribes, they were of no value as a basis for classification in the
larger groups of the Compositz.

Hildebrandt, 1887.

Vuillemin’s conclusions were controverted three years later by
Hildebrandt (40), who, however, conflned his investigations to the
Ambrosiacea and Senecionidez (of Lessing). He reclassified the
genera he examined on the anatomy of the stem, but his sub-
sections as he characterises them show many variations in their
anatomy, and there is an example of almost each type of structure
in most of his subtribes.

Nichols, 1893.

After studying the achenial hairs of the Compositee Nichols
(68) decided that they were of no use as tribal characters,
« Within the genus, however, the characters seem to be more
constant, and might, perhaps, be made of value in the determination

of species.”

Hock, 1898.

Dealing with orders and not with families Héck (41) derives
the Campanulate from a line showing epigyny ; the main line gives
a Rubialian line near the base from which a line leading to the
Umbelliflorae is given off, the main line culminating in the

Campanulatz.

Col, 1899.
From his study of the laticiferous tissue and other secretory



Cynarées

Hallier and Lawvialle. 15

canals in the Composite Col (19) considered that the Cynareee had
arisen from the “ Radiées” and that the Calendulez, Arctotidez
and Cichorieze were developed on a line of evolution parallel to that
which gave the thistles, His views are expressed thus :—

C

Cynarées

Radi¢es <
\-——Calendulées———Arctotidées——Liguliﬂores

Hallier, 1905.

The Campanulatee according to Hallier (38) came from the
Gymnosperms via the Polycarpicz, Magnoliaceze, Aristolochiacese
and Passiflorales. He discusses briefly the Campanulaces,
Calyceracez and Composite, considering the last to be the
highest expression of several of the tendencies shown by the Cam'’
panulate,

Lavialle, 1912,

After an elaborate and extensive investigation of the develop-
ment and structure of the achene Lavialle (52) gave expression to
an opinion upon the affinities of the Cichoriez, Cynarez and
Mutisieze. The examination included 298 species, 65 genera and
most of the subtribes in the above-mentioned groups. Lavialle
did not, however, extend his observations to the rest of the Com-
posite so far as I have been able to ascertain at present. His
views are given in the form of a diagram, Pig. 3, but their value is

(

Carouindes
ET

CENTAURINEES

ATRACTYLIS

Fl_o. 3. Lavialle’s scheme of the affinities of the Mutisiew, Cynarez,
and Cichorie.




16 Dufour and Lebard.

somewhat reduced by the limitation in the number of tribes

examined,

Wernham, 1913,
In his account of floral evolution in the Sympetalee Wern-

ham (88) does not consider groups below the rank of family
but he supports the view that the Compositae have arisen from the
Campanulacez, an affinity which was recognised early in the history
of the two families. The most important of Wernham's contribu-
tions is contained in the section on the determination of plant
affinities in his *“ Summary and Conclusion ” to which reference will
be made later.

Dufour, 1907, and Lebard, 1913.

These two investigators (26 and 53) laid considerable stress
upon the form of the cotyledons in the Cichoriez, and Dufour
proposed that the tribe should be divided on this character into
two subtribes, the Brachycotylées (type Lactuca with short, broad
cotyledons) and the Leptocotylées (type Scorzonera with long, narrow
cotyledons). Dufour’s work was carried further by Lebard, who
distinguishes a form of cotyledon intermediate between the short
and the long forms and gives a phylogenetic diagram shown in
Table 1V.

TasLe IV.
Lebard's phylogenctic scheme of the Cichorice.
TUBULIFLORES TUBULIFLORES

SCORZONERI DEES SCORZONERA

Pooos'pcnmum

Tméoo«on

(
. M
LEONTODONIDEES Leonraon Scouyrus
K THRIncia
Nypoc:mims
{ Piclus CHONDRILLA '
. . I
CICHORIDEES l ClcHoRIUM
. TARAXACUM
Bnam:AusiA
*
CREPIS PuaNOPUS
' N-‘:RJcium LA uca
_ HewminTuia Sonclnung LaMpsana

HELMINTHIEES  TARAXACEES  LAMPSANEES



Lee and Bessey. 17

He regards the Leptocotylées as primitive and the Brachycotylées
as derived along two lines of evolution from the Tubulifloree,
Lee, 1914,

After an investigation of the seedling anatomy of about 50
species of Compositee belonging to most of the tribes Lee (54)
concluded that the classification in this family could receive no
assistance from seedling anatomy. As he found all the types of
anatomy which occur in the family in closely related species, and
even in different specimens of the same species it is obvious that
he was right in his conclusion that seedling anatomy is of no value
in dealing with questions of affinity within the Composite. This is
one more example of the failure of anatomy to give phylogenetic
characters in the Composite, and agrees with the facts given by
Vuillemin and Hildebrandt, although not with the latter’s con-
clusions.

Bessey, 1897, 1915.

In his presidential address to the Botanical Society of
America in 1897 (10) Bessey placed the Asterales at the summit of
the Rubialian line of evolution. The four families included in the
Asterales were supposed to be derived from one another thus :—
Valerianaceze—> Dipsaceze—>> Calyceraceze—>> Compositee. The
same author in 1915 (11) enunciated various dicta for determining

TasLe V. s
Bessey's phyletic lines for the tribes of the Composite.

FAm. 287~ HELIANTHACEE
~ 288~ AMBROSIACEE
~ 289- HELENIACEA
= 290- ARCTOTIDACEA
» 291 - CALENDULACEE
v 202-TNULACEE
" 293-ASTERACEAE
* 294~ VERNONIACEA
“ 295- EUPATORIACE £
" 296~ ANTHEMIDACE 4 -
“ 207-SENECIONIDACE £
~ 208-CARDUACEL
* 299-MuTisiACER
* 300-L ACTUCACEA




18 History of Phylogenetic Speculation.

the phylogeny of flowering plants, These dicta, however, apply
only to certain groups in each case, He raises the fourteen tribes
of the Compositae or Asterales to the rank of families, and regards
the Helianthacez as the primitive group from which two principal
phyletic lines have arisen, culminating in the Eupatoriaceze onthe
one hand and the Lactucacez on the other. His views may be
expressed as in Table V.,

Hutchinson, 1916.

The Helianthee are also regarded as the most primitive tribe
by Hutchinson (43) who considers the aristate or paleaceous
pappus and the receptacular paleee as primitive characters, and
who also considers (44) the structure of the pappus in the Com-
positee as “ perhaps one of the most important features in the
consideration of the phylogeny and affinities of the genera of this
interesting family.” This is very different from Bentham'’s view of
both pappus and receptacular palez, the inconstancy of which in
genera and sections led to that synantherologist to consider these
characters as of use only when supplemented by other and more
constant features.

Small, 1915-16.

The present writer has made various suggestions as to the
affinities of the Compositee and its constituent tribes. The first (80)
was made after a study of the variation in styles and stamens and
the elucidation of the function of the appendages of these organs. The
chief point made was the establishment of similar lines of evolution
from the consideration of the styles and of the stamens. As the work
along these lines has been revised and extended it will be enough
at this juncture to note that the Senecionex were considered the
primitive group. In a subsequent study of the corolla (81) it was
suggested that the Cichorieze arose directly from the Senecionez
by a comparatively small mutation, Other observations on the
displacement and multiplication of the ovules in Senecio vulgaris (82)
controverted the removal by Warming (87) of the Calyceracez
from the neighbourhood of the Composite. These studies have
been continued, and the present account is the result of the
extended investigations.
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CHaprer 11,

THE POLLEN-PRESENTATION MECHANISM.

N the Composita the mechanism involved in the presentation
of pollen to the insect visitor includes both styles and stamens.
These essential organs are discussed, therefore, in the present
chapter, but for convenience the variation in structure of styles and
stamens is described and discussed in separate sections, while
their functions in the pollen-presenting mechanism is considered
partly in section D of the present chapter and partly in Chapter 111
which deals with the irritability of the mechanism.

A. Hisrtory.

The history of our acquaintance with the pollen-presentation
mechanism may be divided into two distinct sub-sections, the first
dealing with the development of our knowledge of the details of the
essential organs and the second dealing similarly with the process
of pollination.

Structure,
Pre-Cassinian Period.

Before the classic investigations of Malpighi and Grew there
is no mention of either styles or stamens in the descriptions of
Compositze. Nehemiah Grew in his first book (29, 1671) describes
the floret of the Compositee as an “epitome of a flower.,” The
anther tube and style are described and figured, and various
secondary uses of these parts are given but the “ Primary and
Private Life . . ., . I now determine not.” In 1675 Malpighi
(46) published good figures and descriptions of the styles and
stamens in Cichorium, and in the following year Grew’s fourth
book appeared with numerous excellent figures and descriptions of
the styles and stamens of several Composites. The Composite
also furnish the basis of his chapter on “ The Use of the Attire,” a
rather crude account of self-pollination in which both the style or

blade” and the stamens or ‘ sheath’ are considered to be male
organs, the “ Thecz of the Sheath ” being described as the * Vege-
table Sperme.”



History. . 23

The first systematist to mention the characters of the styles
and stamens as described by Malpighi and Grew was Vaillantus
(70). Boerhaave in his first Index (7) did not give the distinguishing
characteristics of his sub-divisions but did so in his Index alter (7).
The syngenesious anthers and bifid stigma were now established
as characteristic features of the family. Pontedera (56), dis-
tinguishes Valeriana by the stamens not being in a tube and also
distinguishes other syngenesious forms, such as dsclepias and
Cucurbitacez by their non-capitulate form, while Linné (43) dses
the character as the primary one in his Syngenesia of the Sexnal
System. No further details of structure are given by subsequent
authors (6, 25, 35, 59) up to the beginning of the Cassinian period.

Cassinian Period,

Cassini (13) described the styles and stamens in great detail
and used these details in his classiflcation. Don subsequently used
the basal appendages of the stamens in his classification of the
Cichorieze (20) and also records (21) abnormalities in several
species of Zinnia with 4-10 stamens, 3-10 stigmas and 2.5
embryos. The styles and stamens were also used by Link (42),
but his work is really of the pre-Cassinian type. Lessing (41)
described the general staminal characters in great detail but used
chiefly the stylar characters in his Synopsis, where he neglects the
distinctive features of the stamens except in three tribes. De
Candolle (17) used stylar characters for the tribes, but staminal
characters for some of his sub-tribes, which were practically those
of Cassini. The structure of the style was studied in great detail
by Hildebrand 