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'T hope in the days to come future thinkers will unlearn
us, and find ideas infinitely better — let us get a little
alchemy out of the Dandelions!!’

. Richard Jefferies, Wature and books.

So now our glasses we'll combine

To fill with Dandelion wine

And toast thy onwérd way.

Hay time enrich thy fruitful mind

With health and happiness to find

Hew species every day.

Lines to Dr. G.C. Druce on finding two new species of.?araxacﬁm _

to Science. Keither species is now recognised.

.R.A.R. Bennett, Oxford Times, 18.3.1926.




Notes on presentation

1. Mo authorities for scientific names are quoted in the text.

A list of all scientific names used, with authorities and references appears
as an appendix. -

2. All references to scientific work§ appear fully quoted as another
appendixs In the text the author and the date of publication are given.
S—bll-photographs—sppear—-as—another-appendix. '

4. All species names quoted are 'microspecies' unless otherwise stated.
When the term 'species' is used, this refers to microspecies. The aggre-
gate species used by Handel-Mazzetti are termed macrospecies.

5e Sectional taxa are extensively used in the text. These are underlined,
and are preceded by the definite article, but are not preceded by 'T'.

Cenera¥ are not preceded bj the definite article. E.G. species: T.norstedtiij;

section: the Sﬁectabilia; genus Hieracium.

6. A Taraxacﬁm cypsela is here termed 'achene' in deference to general
usage. This does not include the projection of the achene joining the
achene and the rostrum, which is called the 'cone'. The rostrum connects
the achene and the pappus, and is often called the 'beak'. The exterior
and interior phyllaries are called 'bracts'. The appendages to these
bracts are terms ‘cornae' or 'corniculae' depending upon their size.

The term 'coloured' means "with anthocyanin pigments";

T. All herbarium sheets of vouchers are deposited at the Fielding—D?uce

herbarium, Oxford (OXF.) Permanent slides are in the same institution.

Exsiccatae will be deposited at a number of other herbaria.
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Chapter 1
AN INTRODUCTION TO THE GENUS

Taraxacum is a large genus in the family Compositae. In this

family, it is placed in the sub-family Cichorioidae, and the tribe

Cichorieae, and it shares with the other members of this tribe
hemaphrodite florets, anthers which are acute at the base, long style
arms, which are stigmatic above and become coiled after anthesis, thus
achieving automatic self-pollination, and a pappus of hairs.

The genus Taraxacum is diagnosed by its leaves, which are confined
to a basal rosetie; simple, hollow, lacteate scapes; a naked receptacle,
and an achene bearing a (usually) long rostrum (= beak) with a pappus
of simple hairs, which is usually white.

The genus is one of unusually wide distr;bution, although this
is thought to be due to efficient dispersal and success in many
environments, rather than a reflection of its age. Indeed there is not
-a little evidence that the genus as we know it is of relatively recent
origin (see Chapter 12). Taraxaca are found throughout Eurasia, from
Ireland in the West to Kamtchatka in the east, to Sjria, Northern India
and Korea in the south and to the -limit of vegetation in the north. They
are found in the continent of America from Greenland and the Aleutian
Islands in the north, sparingly down the Rocky Mountains to Mexico, and
again at the tip of South America (also in the Andes?). They are also
found sparingly in New Zealand, Anstralia,'and the Falkland Islands.

In Africa they occur along the Mediterranean coast, as far south as
the Atlas Mountains. They thus occur native in all five continents, and

P
'y .-l.;'l';'-'!h\




-2 -

both Polar regions, and in those parts of the world in which they are

_ not found native (S. Asia, and most of America and Africa) they have
become widespread immigrants through the agency of man.

The genus has been subdivided into 33 sections. These are summarised

in table 1.
Table 1. _The sections_of Taraxacum

Section Distribufion Habitat. Breeding behaviour
Glaciala Italy, ? Greece Xerophile -
Rhodotricha W. and C. Asia Xerophile Sexual. Self-incompatible
Oligantha W. Asia Xerophile Sexual. Self-incompatible
Leucantha W. Asia Xerophile Sexual. Self-incompatible
Orientalia - V. and C. Asia Helophile Sexual. Self-incompatible
Leptocephala S. Europe Helophile Sexual. Self-compatible
Sq@tina S. Burope _ ‘Xerophile Sexual. Self-compatible
iacrocornuta W. Asia, N. Africa Xerophile Sexual. Self-incompatible
Scariosa S. BEurope Xerophile Sexual. Self-incompatible
Kashmirana C. Asia - Sexual. Agamospermic
Tibetana C. Asia - Sexual. Agamospermic
lMongolica E. Asia - Sexual. Agamospermic
Coronata E. Asia - -
Calanthoidia. E. Asia - -
Sinensia E. Asia - Agamospermic
Laevia Circum~polar, '

Mountains of

Europe, Antarctica Tundra Sexual. Agamospermic
Obovata W. Mediterranean Xerophile Agamospermic
Porphyrantha W. Asia (U.R.S.S.) - Agamospermic
Spuria - W. Asia ’ Xerophile Agamospermic
Ceratophora Circum--polar, Rock-ledges Agamospermic

Mountains of
Fontana ﬁgerica and EgrOpe, Agamospermic
4 . ps, Carpathians Wet places on

Mountains

(one sexual sp.)

DB P et et e s e S et et — .
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"fable 1 {cont.) -
Section Distribution Habvitat.. Breeding behaviour
dAlpina Alps, Pyrenees, Mountain Agamospernic
_ Carpathians. _ grassland
Cucullata Alps (? Corsica) - -
Dissecta Alps - -
Parvula Himalay;; - -
Obliqua ¥. Europe Dune-slacks Agamospermic
Rhodocarpa Alps - Agamospermic
Eu-Erythrocarpa E. Europe, W. and - Agamospermic
C. Asia (One sexual sp.)
Erythrosperma. Europe, W. Asia. Xerophile Agamospermic, some
- America (introd.) facultative and sexual.
Self-incompatible
Palustria BEurope, W. Asia Helophile Agahospermic
Spectabilia N.W. Europe, Wet places Agamospermic
Greenland
Boreigena N. Scandinavia Birch-Tundra Agamospermic
' Alpestria Alps - -
Vulgaria World-wide Open ground, Agamospermic, some
(native in grassland facultative and sexual.
Europe) Self-incompatible.

The diagnostic feature of each section are summarised in table 2.
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As mighi be expected in such a widespread and numerous genus; a large
numter of species have been described. Indeed with around 2000 species,
thic ranks among the largest genera known. Only 100-150 of these species
‘are amphimictic, however, it having been established for over 50 years that
many Ta;axaca are obligately agamospermous. More recent research has |
shown that this agamospermy is invariably associated with polyploidy; that
it is usually obligate; that it is a form of agamospermy known as semi=-
hoterotypic diplospory; and that it occurs in all but a few sections of
the genus, and throughout the range of the genus.

The chromosomes of Taraxacum are small, meta-, or sub-metacentric,
and va¥y from 1.8 to 4 microns in length when fully contracted at meta~-
phase. The base-number of chromosomes in the genus seems to be always
x = 8. Some chromosomes have rather large satellitps, and small super-
numerary éhromosomes are not infreqﬁent. In the apomictic species
‘many cytological abnormalities such as aneuploidy, and aneﬁploid
chimaeras, polyploidy and polyploid chimaerss and in meiosis, many types
of anaociatigns, very uneven segregation, and occasionally, interchanges
aro found. Even in sexual species, Malecka (1962, 1965) has shown the
polien meiosis to be very irregular.

Taraxacum has a number of economic uses. Perhaps the most
npoctaculgr of these is the production of rubber from the latex.
Apparently most, if not all Taraxaca possess a latex from.which rubber
¢aa be extracted. During the 1939-1945 war, when rubber was very scarce
‘n the Soviet Union, iqtensive research was carried-out in thﬁg country

&n tho rubber-bearing qualities of various speciés, and it was discovered

L o

 m—p—
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that a recently collected species from W. Siberia, T.kok-saghyz (photo-

graph 1) belonging to the Macrocornuta, bore up to 90% rubber in its

. latex. This species was improved by artificially doubling its chromosomes
‘with colchicine and crossing this polyploid with plants from the Vulgaria.
A triploid apomict finally resulted (T.kok-saghyz is a diploid sexual)
with vigour, larger growth, and of'course, unfailing seed formation. This
agamospermic hybrid (usually referred to as 'T.kok-saghyz' in the literature),
is reputed to have accounted for as much as 60% of the rubber needs of the
Soviet Union during this war.

Other, more familiar uses include the old-established ‘custom of using
it as a (very effective) diuretic} from this property the dialect name
of 'Piss-the—beds'_(Scotland and N-E. England) and the French 'Pissenlit!'
presumably originate. Tar;xaca are also used in salads in several countries,
and various alcoholic and non-alcoholic beverages, both hot and cold are
made from the leaves.

To off-get these useful qualities, the Vulgaria in particular are
vigorous and pestilential weeds. The only sure way by which they can be
eradicated is through the use of a general weed-killer, or a hormone weed-
killer such as 2-4 dichiorOphenoxyacetic acid.

Despité the obscure and complicated taxonomy, Taraxaca can be used
as useful indicator species in the fields of phytosociology (as in the
majority of Sca.ndinav-ian papers in this subject), phytogeography (as in
Bocher, 1938, 1952, Wendelbo, 1959, 1964) and plant history. In the
last field, I have undertaken the determination of subf&ssil achenes from

interglacial and full glacial deposits from S. England, supplied by the
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3.u-supariment of Quaternary Ecology at the University of Cambridge.
. ) ¢ lrucs
~everal interesting results have ensued including the discovery of seeds

telonging to the section Erythrosperma in an interglacial site containing

aely it

+:5 rezaing of other thermophilous plg.nts, and the discovery of..s'eeds 'of
the Alpina at the Full-Glacial bed at Nazeing. The latter record is of
.articular interest as these plants are not now known from Britain.

in the fields of geneti¢s and cytology, Taraxacum has many interesting
wropertien. Perhaps the most fascinating of these is the occux:;énce- of
d:ploid sexual and triploid apomictic plants of the same species in the
gaze population in a polymorphic relationship, a hitherto undescribed
yheacnomon which can lead to interesting conjectures on.the origin of
‘apozixis in this group. The great plasticity of the Vulgaria in
pariicular makes them very suitable material for the study of environmental
variution. The production of genetically identical seed in the apomicts
enkou. them very useful for this type of study, and in the study of genetic
nad c;,-t.ological abnormalities as Sbrensen and Gud'jénsson have so
° logantly demonstrated.

Ono may conclude by stating that there are many cogent reasons why
& sutisfactory taxonomy is long overdue in Taraxacum. The macrospecies are
hetorogoneous, poorly typified, ambiguous, and by far too great in scope
‘o bo of much use. The microspecies are beset by synonymy, bad
taxonomy, and the ramifications of a very extensive literature without
. €eogrephic or taxonomic monographing (with the notable exception of Van
“seni's recent work, which, as yet, covers only a minute proportion of

‘Le ierus). At the moment the majority of non-specialist workers use the

s —— s
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aazconpecies described in'Handel—Mazzettimonograph of the genus (1907).
“s1a :n go zuch out of date as to £e valueless. In Scandinavia, where the
ne'orivy of workers in the genus have lived, the literature is not too
trnaczenpible, and is in the native tongue of the land. Many people have
t9s0=0 profiéient in identifying ?araxaca in these countries, and the
.:an: ncionces of ithese areas are subsequently richer for the knowledge

¢? she local Taraxacum-floras. OScandinavia has a huge Taraxacum-flora
.{;urnnpu ag a result of this interest), but this, and the very large
synonymy, ably handled in Hylander (1941) in which no less than 71
gjnonyes in the Scandinavian flora alone are quoted have not deterred
:azonomiﬁtu in these countries. I see no reason why a microspecies
ciannification in Taraxacum, condensed into regional monographs, and

vith the degree of ¥plitting' modified in some instances should not become
ogually acceptable in the rest of the world. The Botany of these areas

would certéinly gain from it.

By

N e -



Chagter'? _
AN INTRODUCTION TO PROBLEMS IN TARAXACUM

It is well-known that apomictic genera such as Taraxacum pose
some difficult problems for the t;xonomist. As there is little
sexuality through the majority of the genus, each individual becomes _
a 'gene-pool' to itself. ‘Efbry line of descent is reproductively
isolated, and may through somatic mutation, occasional outbreeding,
or possibly position effect (Gustafsson 1934b), evolve into distinct,
taxonomically recognisable segregates. In th;ory every line of descent
is an evolutionary unit. In practice a discrete number of species are
recognised, many of them of a very wide distribution. In fact the
geographical and morphological gfade of the apomictic microspecies is
rather similar to that of amphimictic spécies in this and other genera.
It is clear that during the evolutionary history of Taraxacum some
segregates have proved 1o be more successful than others and these have
been perpetuated over a wide area to the exclusion of other less
successful genotypes. Thus some species of a very restriceed distribut~
ion may be of a recent origin, while the majority are of some age and
have spread to the limit gf their genetic capabilities.

In some areas, and in some sections, the position is not so simple
however. In the Vulgaria a large number of relatively little dif-
ferentiated species can be described, and the scale of the resultant
taxonomy is such to deter all but the keenest specialist (in the

Scandinavian Vulgaria in particular this is true, and also in the .
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Icelandic Spectabilia and the JapaneseTMongolica and Ceratophora. The
Ceratophora are also very hiéhly differentiated in Greenland). The
position is made worse by the lack of regional or sectional monographs
in Taraxacum. The large apomictiq'genera are usually scantily ireated
in Floraé, necessarily so for considerations of space. A notable
exception to this is Schischkin's treatment of Taraxacum in the 'Flora
of the U.R.S.S.'.

Most apomictic groups do have their specialists however, who will
name without hesitation the majority of material. Taraxacum too has had
its specialists; the ScandinaviansDahlstedt, Haglund, ‘Lindberg, Marklund,
Christiansen, Saarsoo and Railonsala. All except Railomsala are now dead
ho;ever. There remains only one other authority in the ganus,-van Soest,
of the Hague, who is covering much wider areas of the gehus's distribution
than most of the earlier workers. | |

All Taraxacum specialists have shared a common inability to name
a percentage of the material that they examined. This has been particular-
ly so in the Vulgaria, Spectabilia, Ceratophora and Mongolica. Other
sections such as the Palustria and the Erythosperma are very much

easier providing the material is good. This uncertainty over the Vulga;ia

in particular has given rise to many doubts about the validity of Taraxacum

species over the genus as a whole, which in the majority of sections
is totally undeserved. It has also engendered a quantity of synonymy;
some of it, I suspect; yét io be discovered. There seems little doubt that

the confusion reigning in these groups is, in part at last, a reflection

e -"'-‘-——"l:;‘
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of biological phenomena. The Vulgaria , which are better known bio-

logically than other groups ‘can be shown to be unusually plastic organisms

(Chapter 3), and some of the species.in this section may be merely variations

due fé environmental effect.

Sorensen and Gudjonsson have shown in a remarkable series of experi-
ments (1946, 1958), that several species in the Vulgaria are liable to.
variation in chromosome number, and that each of eight possible monosomic
aberrants from a triploid are independently recognisable. These aberrants
have been repognised in the field (Borgvall and Haglund, 1958) but may
nevertheless be responsible for some specific epithets. Gigas aberrants
(2n = 48) and diploids arising from triploid apomicts have also been given
specific epithets. Most important of the experimental evidence resulting
from work on the Vulgaria has been the demonstration of two separate
mechanisms by which polyploid apomictic Taraxaca may become sexﬁal. Sorensen
(1958) has shown that certain of the triploid monosomic aberrants are
capable of a limited sexuality, although apparently at a very low frequency.
Hore recently Techermak-Woess (1949) and Furnkranz (1960) have demonstfaxed
sthat diploid sexual Taraxaca, apparenily in no less than 3 sections, occur
at high rates in Austrian populations. These have been shown to form
hybrids through pollination by diploid or polyploid individuals of the
same or different.macrospecies (Fﬂrnkranz unfbrtunately works by-the old
classification of Handel-Mazzetti), and it is clear that considerable

taxonomic confusion would result from the examination of such a series

of hybrids.

In view of the fact that it is possible to obtain sexual individuals in
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-a.number of sections of the genus, it seemed likely that breeding
experiments between various 'species might establish relationships between
the different sections. A number of southern European and Asiatic
sections, including sexual speciqs, had rarely, if ever, been grown

in cultivation and breeding experiments have only once been reported
(Poddubnaja~Arnoldi, 1939). In view of the fact that the majority of the
genus is agamospermic, these experiments promised to be interesting,

as breeding barriers might be less extreme than one would expect in a '
predominantly amphictic group.

._The problem of the very large number of species in Taraxacum and the
lack of any co-ordination in the literature is not entirely an academic
one. The Flora Europaea treatment of Taraxacum is due in 1970, and as a
full -account cannot be given there through considerations of space, a
" need has arisen for a modern macrospecies itreatment to supersede.that of
Handel-Mazzetti. It was thought that some interesting insight into the
problem of delimiting the macrospecies might be gained through the use of
Numerical Taxonomy.

In conclusion, when I first started to work on Taraxacum it seemed
to me that a number of problems bore the hallmarks of possible research

topics, namely that the techniques of investigation were reasonably

practicable, and it was possible to envisage a useful answer arising

from the questions that I was asking. I was unsure which of the topics

" emdal ceArvEAL s e el s

"would prove to be the most useful and fruitful, so I started on'a number
of promising lines of research, These were designed to answer the

following questions which were those which seemed most pertinent at the time.
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1.

2.

3.

4.

And over and above these questions lay the personal problem of ) ?

mastering the taxonomy of this difficult genus.

_ secondary origin? , - ‘ ”

- 16 -

Afe existing specific limits seriously blurred by hybridisation?

Are existing specific limits seriously blurred by environmental-
plasticity? .

Is there a method by which an artificial taxonomic grouping can

be arrived at, should the existing taxonomy prove to be mostly
unusable?

Is it possible to draw tentative conclusions of evolutionary
(phyletic) relationships in the genus through breeding
experiments and other biological characteristics?

What is the situation in the central European populationsin which

both sexual and apomictic plants occur together? Are both types ;
in the same species? Is there genetic interchange between the )
two types? Are sexual plants found elsewhere in Europe (i.e.

Britain) and if so, are they of an ancestral type, or of a !

2oy 2d > W
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Chagter 3
ENVIRONMENTAL VARIATION AND GROWTH EXPERIMENTS

Growth conditions

At the outset of my work, I decided that all plants cultivated should
be grown in & standard and regulated manner. As material collected as
living plants would have been subject to environmental influence before
collection, I determined to attempt to grow all the experimental samples
from achenes. I found that achenes froﬁ all species tried germinated-
readily on wet filter paper or seed-test paper in Petri Dishes.
Cermination was usually between 70 and 100% successful, and was completed
in 2-6 days (see germination graphs). Surprisingly, these results
contrasted with those of Mrs. Hoy-Liu (1963) using the same technique
who found that a wide range of species required 5-24 days for germination,
and that only 50-70% gérmination was recorded in most samples. Nearly all
. my achenes were sown within a year of collection, and results obtained
from a few older samples produced results more comparable with those
- of Mrs. Hoy;Liu. I have had one achene germinate after 4 years, but
none after 5 or more years, and germination after 3 years is usually
very poor.

Failure of germination has been gratifyingly slight ~ only 1% of
all samples have.entirely failed, and these have been.either ovér three
years old, or immature. Poor germination has sometimes resulted from
fungal infection. This can be prevented with the use ;f scrupulously

clean Petri Dishes, and by keeping the filter paper very wet.
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About a week after germination, usually just after the separation
of the cotyledons, seedling; were transplanted into plastic soil trays
with individual compartments some 3 cm. in diameter and deep. All soil
used at all stages has been John .Innes No. 3 compost. It was at this
stage that 'thinning out' was performed. The selected plants were then
grown in the trays for approximately a month uniil 4-5 rosette leaves had
establishéd. They were then transplanted again into 4 inch diameter
plastic pots. Initially 3 inch clay pots were used, but were found to
be highly unsatisfactory, as they limited growth excessively, and, due
to their clay structure, were heavy, difficult to wash, and liable t;
fracture during hard weather. The 4 inch plastic pots proved admirable
in all ways, and abpeared t0 provide sufficient space and nourishment for
" even the largest species until after the first flowering. If the plant
was required after this (which was not often) repotting was advisable.
Larger poté were not used through consideration of space and expense.
Tlowering occurred f?oy 3% months to 6 months after germination, except

. for the Mediterranean sections Serotina and Leptocephala, which require

vernalisation, and the Spectabilis, which rarely flower freely until the

second year leaves have been established (except for T. noggjedtii).

All plants were grown in a greenhouse with artificial heat and
light. An attempt was made to keep the greenhouse at between 60 and 70
_degrees Fahrenﬁeit, and this was largely successful. Light was provided
by 6 Phillips 400 watt Mercury Vapour bulbs and greenhouse units. The
pots were placed about 6 feet from these on a gravel bench and were lit

for 12 hours out of 24. This approximates to the day-length required for

.
‘-
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optimal flower-initial format}on in Taraxacum which is largely a spring-
flowering genus. Buds can be formed during longer light regimes however.
Bud formation in June, when the plants are subject to high intensity
illumination from outside for 16-18 hours of the day, is still considerable,
though lower than in the winter.

Due to these special conditions of growth, which were introduced
to give near standard and optimal heat and light regimes, for both rapid
generation time and a minimum of environmental variation, watering ha& to

Ye performed every day. If this was neglected, mildew and the abortion of

most buds were rapid consequences.

Seed germination rates

Records were kept of the percentage germination of each sample
ocach day. These have been averaged, and appear in graphs 1-3. Of the
4 British Sections, the Vulgaria, Spectabilia and Palustria demonstrate
virtually identical germination curves, while the ngjﬁrosgerma show a

slower germination rate (graph 1).

Graph 2 shows germination curves for the other three sections, of which .

o sufficiently large number of samples have been germinated. The slowest

‘germination rate is shown by the Macrocornuta, of which diploid, triploid

and tetraploid species are included. These different chromosome levels all
exhibit very similar germination curves, as indeed did all species within

any of the sections. A high germination rate is however seen in the diploid

Serotina (two species),.while the pentaploid Spuria show an extremely rapid .

gormination, far faster than any other found in the genus. This very fast
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germination, with almost total germination by the third day, is not

mirrored by the other pentaploids grown (sub-section Bu-Spectabilia),

"and no doubt demonstrates the evolutionary isolation of the section
Spuria which appears far removed from any other in the genus.

As a contirast, graph three records the germination curves of three

closely related species in the Erythrosperma with different chromosome
numbers. There is some indication that the triploid may be slower than
| either the diploid or the itetraploid, an interesting parallel with graph
.2, but it is not possible 1o readily comnect chromosome number with the

rate of germination.

Growth rates

Eight seedlings were kept from each of the first 100 sampies.
These were grown in paifs in 4 different soil regimes. These were
John Innes No. 3, 1 to 1 John Innes and silver sand, and these two soil
types, but with the. pois submerged in water to 1 inch from the rim to
keep the so0il permanently saturated. The maximum leaf-length and width
vwere measured on all plaﬁts after 3 months and 6 months. Whén the plants
flowered, a number'of quantitative and qualitative characters were noted
for e;ch individual. It was hoped to obtain an idea of the inherent
plasticity of the British sections by this method.

Four seedlings were kept from each of the second 100 samples. These
were all grown in John Innes No. 3 compost, and the same data collected
as for the first 100. ' This was as a control, to determine how much

variation, genetic or environmental resulted in conditions as standard

as those provided. The remaining 200 samples were grown in duplicate only,

TSI TRy
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and characters were only taken at flowéring for taxonomic purposes.
Graph 4 is a representation using histograms of the mean leaf
length and standard deviation of the sections Spectabilia (all T.
faeroense) and Vulgaria (various species) at 3 months and six months
under the four soil regimes. The standard deviations are large in
every case, and very few conclusions can be drawn. The most obvious
conclusion is that the standard deviations are larger in the Vulgaria,
a conclusion borne out by the examination of other characters and by
Griffiths (1924) and Kappert (1954). The Vulgaria also apparently grow
faster, and there is some indication that both sections are more successful
in the wet regimes. The  general conclusion to be offered is that the
technique employed is not satisfactory, as any environmental influence

is masked by the inherehx variability and, or plasticity of the material.

Mean variance

An attempt was made to investigate the variability found within a

sample, in other words from a single seed-head, which if apomictic would

in theory be genetically uniform, in order to discover how variable plants -

growing in standarﬁ conditions really are. This variability may be
genetic, but in all probabiliiy is environmental, except in sexual plants,
or individuals with a sexual history. Such variation is clearly important
to the understanding of the microspecies concept in the Qarioua ;ections..
It can be conveniantly studied by the examination of the variance shown

in samples all grown under standard conditions as the second 100 samples
were. |

I devised a formula to find the mean variance shown in a number of
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characters by a sample. This is
5, 100
B(E(x—=x")") x'
—_—n1
]
"where x is the reading
x! is an artificial mean
n is the number of plants
S is the number of characters sampled

-B is 'the sum of!
This formula in fact represents a mean of several readings of variance,
standardised to account for the different scales of varighility in which
the various characiers are found. The characters used were the most
variable, and those in which three significant figures were usually
obtained; namely leaf length, leaf width and capitulum diameter. It is
only valid for readings with the same number of significant figures, and
is not, I believe an accurate estimation, but merely a rough guide. The
combination of a number of characters in a reading of variance is quite
invaluable hpwever,'and I believe I am right in saying that no such -
method is in existence, probably because it is difficult to envisage
anyone but a taxonomist reqpiring a similar treatmenf of data.

With the use of this formula, a Mean Variance can be obtained for
& sample which is a measure of the variability shown by this sample in
these conditions. A standard deviation can then be readily ascertained

to show the statistical separation of the various Mean Variance figures;

T SR
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and some idea of the variability of samples of different chromosome
number, or of different sections can be obtained.
These are shown on Table 3.

Table 3. The Mean Variance of Various Sample-Types

Definition of samples Number of samples | Mean Standard
(each containing Variance Deviation®
4 planis) '
Vulgaria (2ll chromosome
numbers ) 9 119.2 62.5
Erythrosperma (. ") 19 119.1 47.6
Spectabilia (") 7 33.5 - 29.8
Erythrosperma (diploid
sexual) 6 171.3 33.0
Erythrosperma (triploid
apomict) 10 84.3 27.3
Erythrosperma (tetra- '
ploid apomict) ' 2 139.2 8.7
Spectabilia (triploid) 1 96.3 -
Spectabilia (tetraploid) 5 26.5 15.8
. Spectabilia (pentaploid) 1 5.7 -
. Vulgaria (triploid) 7 114.7 36.1
Vulgaria (triploidaneup101d) 5 122.8 56.5
Vulgaria (diploid) 1 223.9 -
Two conclusions can be made from this treatment of the variability
‘found in sibling cultures in fairly standard conditions. The first is E

the very much lower variability shown by the Spectabilia. From the
one triploid sample, it seems that this low variability may be

restricted to the tetraploid and pentaploid species, which constitute the

S —
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vast majority in this section. That this is not a factor resulting from
the high chromosome number alone is indicated by the two tetraploid

_ Erythrosperma, which show a high Mean Variance. The triploid Spectabilia

(T, haevosum) is very close to the Vulgaria, and on this evidence and the
chromosome number, perhaps deserves 1o be placed in this section. It seems-
that the Spectabilia may well possess eithe; a lower environmental response,
or a higher genetié stability than the other sections; perhaps as a function
of their specialised habitat requirements often base rich flushes, at a

high altitude. The other two sections are fundamentally plants which
colonise bare ground. 'In these environments, the possessi;n of high

plastic or genetic variability might be at a premium.

Plastic response in the field

That the variability shown in greenhouse culture may be Qx least
partly a plastic response to slight environmental variation can be
inferred through an examination of plants growing in the field frém
which & greenhouse culture has been taken. The results here are some-

- times startling. T.oxoniense is the commonest species of the Erythrosverma

to be found on the Magnesian Limestone grasslaﬁd in County Durham. The
mean leaf length at Sherburn Hili is 51.1 mm,, while that of p}ants grown
from seed collected at the same locality is 181.8 mm. (see Table 4). An
equally remarkabie plastic response to greenhouse conditions is demons-
irated in T.hamatum in the Vulgaria. Plants growing with T.oxoniense

on Sherburn Hill have-a mean leaf length of 37.6 mm., less than that of

the latter species, while seeds from the same material grown experimentally

e s e e
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become large plants with a mean leaf lengih of 237.0 mm. This response

to environmental coﬁditions,-perhaps largely soil-depth in these instances,
is gsually most marked in the Erythrosperma, as these are typically plants
of xerophyte localities, with shallow soil. In some cases, the |
Erythrosperma do seem to have a limited capacity for growth however, as

is seen in T.rubicundum from Cassop Vale, and to a lesser extent in the

Czechoslovakian T. austriacum.

The range of variation in size in a species in one locality can also
" be striking. Two individuals of T.subcyanolepis in the Vulgaria

measured 34 ;nd 194 mm: in leaf-length. These both came from grassland on
Sherburn Hill, bui whereas the small individual came from short grassland

dominated by Festuca ovina and Poterium sanguisorba, the large one came

- from the Dactylis on the summit, growing in much deeper
In contrast, the Spectabilia show very little responsento greenhouse
conditions, and the chief variation in leaf-size is that due to the age

of the plant. In the sub-sections Crocea and Naevosa, the first year

_ leaves are habitually at least twice the size of subsequent leaves, and
are usually of a different shape. This difference can be shown to be
absolutel& constant in the greenhouse and in the field. The sub-section

Bu-Spectabilia do not demonstrate this age~change, and neither in my

experience do the Vulgaria, although it has sometimes been reported, and

presumably occurs in some species.
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Table 4. Plastic response to Greenhouse conditions

" Mean leaf-lengih

1

Sample Sample
size (mm)
T,oxoniense (Erythrosperma) 23 51,1
Short turf, Sherburn Hill
Co. Durham.
T,oxoniense (greenhouse) 6 181.6
T.rubicundum (Erythrosperma) 7 22.0
Short turf, Cassop Vale,
Co. Durham.
T.rubicundusi (greenhouse) 10 65.6
T.austriacum (Erythrospérma) 6 73;b
Kovacovska, C.S.S.R.
T, austriacum (greenhouse) 1 143.4
T.hamatum (Vulgaria) 7 37.6
Short turf, Sherburn Hill,
Co. Durham.
T.hamatum (greenhouse) 6 - 237.0
T,faeroense (Spectabilia) 33 68.2
" Various localities.
T.faeroense (greenhouse) 9 70.3
. (Sub~section Crocea)
T.pycnostictum §Snectabilia} 9 174.4
From wet cliff, Caenlochan,
Angus. (I st. year, greenhouse)
I.pycnostictum (2nd year greenhousﬁ) 7 73.5
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Character Variance

It is a well accepted taxonomic precept that -some characters

possessed by a plant are more liable to plastic response to the environment

than others, and that those characters that are least variable are those

which are likely to be of the greatest taxonomic value. It is interesting

therefore to extend the consideration of Mean Variance (based on the

variance of leaf-length, leaf-width and capitulum diameter), and plastic

response (in which leaf-length only was used) to other characters. The

variance of different characters in different taxa are tabulated below

(Table 5). (Characters used as defined in Chapter 4)

Table 5.  Character Variance

. No. of Mean of character
Section Characte; samples Variance
(1ess than 50
considered unimportant
Erythrosperma Leaf length 17 186.2
Leaf width 21 111.4
Capitulum diam. 22 45.0
Achene length 23 26.4
Achene width 21 128.0
Cone length 21 273.5
Rostrum length 21 165.1°
Bract length 24 48.4
Bract width 24 6.9
Bract length/width 24 18.5 -
Vulgaria Leaf length 9 216.7
. Leaf width 9 " 94.7-
. Capitulum diam. 9 14.7
Spectabilia Leaf length 7 50.3
Leaf width 1 42.4 .
Capitulum diam. 7 46.6
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It will be noticed that in addition to the very variable characters
of leaf length and leaf width, achene width (but not length) and the

lengths of the cone and the rostrum to the achene are extremely variable

even in stable conditions (as here), and may not be very suitable taxonomic -

characters. Of these characters, the last two only are of taxonomic import-

ance.

Multimedium Cultures

An analysis was also made of the variability of those planté (the
first hundred samples) in which siblings were subjected to different soil
medi&. These will be kn;wn as multimedium cultures. For these, means were
calcul#ted for each of the paired culture-types in a sample; for a number
of characters, both qualitative and quantitative (as defined in Chapter 4).
Wﬂen the means of a character differed markedly for different culture.
types for a number of samples, the means of the sample means for a
ch;racter were compared for the different culture media. A sigma test of
significance was performed for these composite means, t0 inspect the
apparent environmental effect of this character. P=0.05 was used as the
level of significant difference. The results of these analyses are present-
ed in Table 6. This treatment of the data is probably less satisfactory
than the mean variance technique, because the variance inside a culture
type cannot be shown. It should be emphasised that this technique of
comparing means'by the sigma test cannot be used for measurements of
variability in single medium cultures, and it is eﬁployed here for

purposes of comparison with the mean variance technique. In point of fact,

i e STen ne menatd
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I find this latter technique much more preferable for the analysis of
vari;bility.

It would be expected that where a number of different culiure media
have been used, that the resultant variability of the plants would be
great;r as a result of environmental response by the individual plants.
Several of the characters which showed an uniméortant mean variance in
the single culture tests (less thén a value of 50), showed much L;rger
variability under a multimedium regime. We thus have considerable
evi@ence that much of the variability in Taraxacum may be plastic reéponsé
to the environment, although it is 51ill not clear whether the variation

in single culture samples is also of this nature.




Table 6
Character Section Medium ; Hean Sa.mpl_e. P
Presence of Vulgaria Dry sand | 73.1% 19
brown in achene
Dry soil | 75.8% 22
Spectabilia All o% 5
Presence of Vulgaria Dry sand | 33.3% 18
violet or purple
in ligule Dry soil | 47.4% 19
Presence of red Vulgaria Dry sand | 25.0% 20
or purple in
exterior bract Dry soil | 13.1% 23
Presence of red Vulgaria Dry sand | 42.8% . 21
or purple on '
scape Dry soil | 44.4% 27
Presence of red Vuléa.ria Dry sand | 88.0% 25
or purple on : ‘
petiole Dry soil | 84.8% 33
* Presence of Vulgaria Dry sand | 45.6% 22
hairs on )
scape Dry soil { 28.6% 28
Presence of Vulgaria Dry sand | 33.3% 24
colouring on
leaf Dry soil | 15.6% 32
Exterior bracts . Vulgaria Dry sand | 52.5% 19
glaucous
Dry soil | 78.5% 23
Exterior bract Vulgaria Dry sand | 7.72mm 19. .04
length
Dry soil [ 8.87mm 20
Exterior bract Vulgaria Dry sand | 2.027mm 19 .06
width
Dry soil | 2.348mm 20
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Table 6 cont.
' Character . Section Medium Mean Sample P
Exterior bract Vulgaria Dry sand 3.93 19
length/width
Dry soil 4.14 20
Achene length Vulgaria Dry sand 3.01tmm 2'( .
Dry soil 3.16mn 29
Wet sand 3.00mm 5
l
Wet soil | 2.92mm 6
Spectabilia All 2.88m 5
: f
_Achene cone Vulgaria Dry sand | .345 24 {10 -
length ) K
Dry soil 414 27 '
Spectabilia All «420 5 ot
i
Rostrum length Vulgaria Dry sand | 7.80 27 Dry sand/
' Dry soil
Dry soil 8.98mm 27 0.001 5
Wet sand 8.80mm! 5 H
i
Wet soil 8.91mni 6 fi‘!
Spectabilia ALl 7.16mm 5,
Spinula.tion-of Vulgaria Dry sand 2.37 27 .
Achene ) .
Scale 0-5 Dry soil 2.72 29 »
Wet sand | 2.40 5 !
Wet soil ! 2.83 6 h

)
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’Section

Character Medium | Mean (Sample P
Leaf length ! Vulgaria Dry sand | 67.9mm| 74 Sand/soil  .0009
' Dry soil | 82.2mm| 58 Sand/Wet sand .01
Wet sand | 61.6mm| 17 | Soil/Wet soil .06
Wet soil | 72.6mm 12 Wet sand/Wet
soil .023
"Spectabilia|{ Dry sand ! 58.5mm 29 Sand/Soil .065
Dry soil |{50.2mm| 29 Sand/Wet sand .002
. Wet sand |72.4mm| 29 | Soil/Wet soil .0001
Wet soil | 74.6mm 27 Vet soil/
HWet sand T2
Erythro~-
sperma Dry sand |52.4mm| 11 | Sand/Soil .80
Dry soil |54.4am 1
Leaf width Vulgaria Dry sand |21.4mm| 74 |Sand/soil .0008
' Dry soil |26.1mm| 58 | Sand/Wet
sand .01
Wet sand [17.5mm | 17 | Soil/Wet
Wet soil |22.7mm | 12 |Wet sand/
wet soil ,003
 Spectabilia | Dry sand |11.9mm| 29 |Sand/Soil .085
Dry soil |10.0mm | 29 |Sand/Wet
sand «15
Wet sand |10.3mm | 29 |Soil/Wet
soil «003
Wet so0il | 12.5mm 27 et sand/
wetl soil .01
Erythro- Dry sand {15.18mm| 11 Sand/Soil
sperma 15.27mml 11

Dry soil
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Character Section Medium Mean Sample P
Calathium Vulgéria Dry sand [33.6mm 16 Sand/Soil o7
diameter Dry soil [36.7mm | 18 ‘
Ligule Vulgaria | Dry sand | 2.29mm| = 16 Send/Soil
width Dry soil | 2.20mm 18

J
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In conclusion, the foliowing characters have not

liable to excessive environmental variation.

Diameter of capitulum.

‘Width of ligule.

Stripe on ligule red or purple.

. Width of exterior bﬁgct.

Presence of red or purple colouring on bracts.

Presence, of glaucous bloom on bracis.

. Presence of red or purple colouring on scape.

Presence of indumentum on scape.

Presence of red or purple colouring in petiole.

Presence of coloured blotches on leaf.

Length of achene..

Spinulation on achene.

Presence of dark brown pigment in achene.

plastic response to the environment (or genetic heterogeneity?) and are

of doubtful taxonomic use (those marked with an asterisk are used in the

saction -in which plasticity has been shown).

*

*

Leaf. length. (Not Spectabilia)

Leaf width. (Not Spectabilia)

Exterior bract length (?Not Erythrosperma)
Achene width.

Length'of cone to achene.

Length of rostrum to achene.

been shown to be

.In comparison, the following characters displayed some considerable
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Chapter 4

NUMERICAL TAXONOMY

Numerical taxonomy is a relatively new, exciting technique, which
has caused a great deal of discussion and controversy. This may be
because it has been used, mostly in lower plants, as a definitive tach-.
nique - one that will handle a taxonomy without further subjective
manipulation by the taxoromist. This may be satisfactory, or even necessary
in the Bacterii and the Fungi. In higher plants, where so much more may be
known about breeding barriers, gross morphology and cytology, it is a less
satisfactory technique, and islbest usea as an additional guide to
relationships.

In numerical taxonomy, the processes are purely mechanical and
require no more than a c;rtain arithmetical dexterity, and a great deal
of patience, unless one has access 10 a compﬁter. The'skili, which will

determine the success or failure of the operation and the usefulness of the

resulting taxnomy, lies in the choice of characters and the choice of

samples, not in the choice of species. The samples that are chosen are
known in the jargon as Operational Taxonomic Units, or 0.T,U.s, and as
such they will be hereafter referred. These are the representatives

of the taxa one wishes to classify.

Technique
A very careful examination of all possible characters in the.genus

was made. Characters which can be used for a simple numerical taxonbmy.
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have to obey the following requirements:
1. Characters should be readily divided into 'present or absent!

categories.

2. In any group of 0.T.U.s, present or absent should not exceed 90%.

3. The character should not be linked with any other character
used, but should vary indefendently. |

4.. The_charagtqr should not be liable to excessive environmental
plasticity.

5. The character used should not be part of another character used,

(e.g. one cannot use 'rostrum nil, rostrum present' in the same

treatment as 'rosirum more than Tmm., less than Tmm').

6. The character should be determinable on living material, dried

material, and from good type descriptions.

50 characters were chosen that obeyed these conditions. 50 were
chosen in order that a percen{age determination of the qoefficient of
similarity might be readily be made without a greater arithmetical effort
than it requires to multiply by two. The characters that were used are
set out in table 7. For each sample that was to be used as-an 0.T.U.,

a punch card was ﬁunchad for the presence or abseﬂce of the 50 characters
on a predetermined basis. An example of the type of punch-card used is
shown in.fig.

The project was severely handicapped by the low number of 0.T.U.s

" used. This limitation was necessitated by a number of factors. The

need to use type descriptions of the taxa, rather than relying upon

ny own descriptions of material growing in standardised conditions was due
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to difficulty in obtaining a sufficiently large number of species in
cultivation. Many type descriptions are unsatisfactory however, either

in their general lack of information (most of the Handel-Mazzeiti types fall
into this category) or because the characters of the achene were not

_ available to the author. Obtaining the types of many hundred species
.neemed an impossible task to accomplish in the time, so it was decided to
use type-descriptions, but to exclude those that were unsatisfactory.

At the time of this work, I was unable to obtain, or in some cases unaware
of the existence of several important papers on the taxonomy of Taraxacum.
Indeed, several of van Soest's most important and informative papers have
appeared since I finished the numerical taxonomy section of my work.

In addition to the punch cards made out for type description punch
cards were also made for all samples grown from seed (and the few propagated
from roots collected from roots in the wild) in the greenhouée. It is
hoped at some future date that the cards from.a rather large number of.
gpecies grown in a standard environment (at the moment about 120 species in
_ 2} sections have been cultivated) can be compared with punch ca?ds made
out for all the types, using the description and the type specimen. As
this treatment will entail the ordination of weli over 2000 0.T.U.s, and
will thus involve th;';aléulation of a minimum of 2,000,000 coefficients of
gimilarity, it will be done with the aid of a digital computer, for
which a number’ of excéllent numerical itaxonomy programmes exist.

In order to carry out a numerical taxonomy, a number of cards
representing 0.T.U.s from type descripiions was assembled. These would

belong to & section, or a number of smaller related sections. By compéring
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« Table 7. Association Characters for Numerical Taxonomx

Punch

"Achene length

Achene width
Achene 1/w
Cone length
Achene

Spines on achene

735 mm
5 0.9 mm
7 3.5 mm
> 0.6 mm

smooth
short ( 0.1 mm)

Extent of spinulation ' '0-2/s

Achene »igments present sand

Achene
Rostrum length
Achene

Plant

Pollen present

brown
grey

red
violet
cinnamon
dark

Y 7.0 mm
tapered

sexual

Exterior bracts dentate

or ciliate

Exterior bracts of a
different colour on

each side

Exterior bracts adpressed

to erect

Exterior bracts ovate to

ovate-lanceolate

Exterior bracts marginate

Exterior bract coloured

Exterior bracts glaucous

Leave

"3.67 mm

1.07 mm

3.6 7 mm

0.7 /mm

rugose ,
long (0.2 mm)
3-5/s

or not

"
"
n

Te1y mm

or not

or apomiétic

or not

or glabrous

or reflexed

or linear-

lanceolate

or not (see photo-
graph 3 )
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Table.7 cont.

.Exterior bracts dark

Interior bracts dark

Interior bracts glaucous

Interior bracts corniculate

Leaf lobes recurved

N y = L E——

" (see photograph %

2)
Ligules purple to red, including violet "
Ligules involute n
Calathium " %35 diam. Calathium 367 mm diam.
Style ahd stigma yellow . or not
Scape coloured "
Scape .g1abrous. . "
Scape less than 4+ leaf length "
Petiole more than a § leaf-length "
‘Petiole winged "
Petiole coloured "
Leaf glabrous "
Leaf glaucous "
Leaf dark ) "
Leaf incised to % distance to mid-rib " _
Leéf _ acuminate dentate or-acute dentate
Terminal lobe acute or rounded
Leaf 7169 mm long leaf 170 7 mm long
Leaf 7 44 mm broad leaf 45 7 mm broad
Leaf 1/w V4.4 leaf 1/w 4.5%
Leaf lobes l/w Y 3.9 " leaf lobes l/w 4.07

patent. or squarrose
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Selection Characters. Punch.

Xz Vulgaria A Aneuploid

Y- Erythrosperma - : E 2n = 16

W Spectabilia . 1 2n = 24

UV  Palustria 0 2n = 32

T Fontana .' U . 2n =40

S Alpina

R Ceratg.phoxrla ' L Dyads 25% +
Q Serotina _ | : " M - Triads 25% +
P Ma.crbcg.rnuta; ' A | Tetrads 60% +
0 Others
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the punched edges of two cards, it is possible to determine the number
of presence and absence characters two 0.T.U.s shared in common. This
figure was multiplied by two to give a percentage reading of similarity
tetween the two samples. This is the coefficient of similarity, which

ig calculated by (-a—J_:?) 100 where x is the number of characters the

- gamples have in common, and a and b are the number of characters in each

gazple (in this case 50).

The coefficients a.r.e calculated between all the 0.T.U.s involved in
an operation. . A4 type of shading is decided to denote different classes
of similarity. I u.sed black to denote 85% and a’bove,- checks, 75% and
above, and squares, 65% and above. No sha.ding denotes a coefficient .of
similarity between two 0.T.U.s of under 65%. The 0.T.U.s are then
shuffled along the axis of a Kulczinsky square until tl-\e most satisfnotory
ordination is achieved. This will be when the most closely similar
taxa are adjacent; but in the large ordinations of entirely apomictic
sogregates such as the Palustria, Spectabilia and Erythrosperma, where
rolationships are very complicated and 3~dimensional, it may be when the
0.7.U.s of high similarity are central, and those of low similarity are
sarginal, ‘

Now one may se.e where the groupings lie. It is possible to programme
coaputer techniques so that the computer docides on the groupings a¢ a

cortain order of similarity which the taxonomist decides. In my case,

"vith manual operation, the grouping was more subjective than this. An

indication of some suggested groupings are presented with-the Kulozinsky

squares representing ordinations, shown in diagrams 1-7..




»inerams 1-7. Numerical taxonomic ordinations. See chapter 4
R ————————————
- for further information.
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My chief consiéeration in embarking in a programme of numerical.
1axon°m& in Taraxacum was 1o see if species could be grouped into a
unit inside a section which was workable. The advent of 'Flora Europaea'
required that a treaxmenf valid throughout Europe be devised which did
not encompass all the European species, which at over a thousand in
numper are somewhat unwieldy. Furthermore, a great deal of work was
necessary before Et could be finally decided which of the microspecies
could be regarded as reliable. There seeméd four other possibilities
apart from using the microspecies. -

The first, the maintenance of Handel-Mazzetti's acc&unt in his
'Monographie der Gattung Taraxacum', 1907, written before the microspecies
classification got under way in the genus, seemed untenable as even major
groupings in the genus have altered since his day, and many of his
species have very heteroéeneous types (T.indicuﬁ for instance has a type
containing no less than 4 present-day species). |

The second possibility was the m#intenance of the present-day secfions,
either as sections, or as aggregate or 'sensu lato' species. Thislidea
has much to commend it, but the variation in the genus seems to be
ina@equately represented, even for a condensed Fldra such as this.

A third possibility was that more aggregate species be created on the
basis of subjective, or 'classical' taxonomy. In other words, where it
was felt that a section could be usefully subdivided into further
aggregate species, th@se species should be described as new 'sensu-lato!
species. It was felt that the execution of this exercise might be ai@ed

by the numerical taxonomy of some of the more critical groups, the fourth

| e gty .
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technique considered.

Due' to the drawbacks mentioned in the part of this chapter concerned
with technique, the most difficult section of all, the Vulgaria has not
veen tackled at all. Nevertheless, the treatment of the Palustria is as
complete as type de:;criptions allow, and those of the Alpina, Fontana,
Ceratophora, S‘gectabilia. and the primitiv'e sections are probably complete
enough to give a z"epre-sentative picture of grouping iri £hese sections.

A treatment of the EMhrosgerma', Bu-Erythrocarpa and Obliqua is the largest
treatment attempted 70 0.T.U.s being ordinated together. Unfortunately
1.his'<.11d not account for the species in these groups recently described,
nor did I have the information now available to me on the more obscure
gpecies which is given in The Catalogue of the Erythrosperma (van Soest

_ 1966c). Both in the treatment of this group, and the Spectabilia there are
sharp disagreements beiween some of the groupings a.riéing from the
numerical taxonomy, and van Soest's judgement of where probable relation-
ships lie. In ma.i:& cases there were also agreements, and the technique

. did not appeaz" to be totally without merit, many ‘of its. undoubted short-

- comings being due to the poor quality of some of the information fed into

the system. A vivid example of how misleading the results could be was

in the Rhodocarpa. I used two ‘taxa, T.rhodocarpum and T.schroet-erianum

as two 0.T.U.s, unaware that they were in fact synonyms (at that time
there existed nothing in the literature to tell me otherwise), and the

two 0.T.U.s, although 'a.d:ja.cent showed a low level of relationship! This
was , no doubt, due to the very different quality of the type descriptions

of T, rhddocarm (Dahlstedt) which like the rest of his work at this time
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was & model of perfection and of T.schroeterianum (Handel-Mazzetti) which,

also true to type, was an atrocity! Luckily this was the sole Handel-'

Mazzetti description that I was forced to use, and the majority of types

in the genus are very good. ﬁeveﬂﬁeless, I remark upon this example

in order 1o émphai:ise the unreliable quality of this work. I would not

wigh it to be thought of as definitive, although I think it has some value.
I have discussed these treatments very fully with van Soest, and I am

in con:tinuing correspondence with him about the 'Flora ﬁurOpaea' account.

1 have believed from the beginning that the results of the numerical

taxonomy must not be used in any way, unless supported by strong experimental.

and morphological data. In many cases gz;oupings arising from the
numerical taxonomy have been disregarded as of litile value (e.g. the
separation of T.graiense from the main body of the Fontana, or the

gimilar separation of T.oreophilum from the Alpina), or even pure non- ‘

sense (as in the grouping of T.litanderi in the Pachera (now included in-
the Laevia)and T.rufocarpum in the Laevia sensu Schischkin). In other cases
van Soest and I had a strong feeling that the resulis of the numerical
taxonomy were supported by other data. For instance the idea that the
Palustria was a homogenous group that could not be usefully separated is
borne out by the numerical taxonomy of this group (diagram 2). In the
Ceratophora, a clear demarcation appears betiween the Buropean and some

of the Canadian taxa, a groupiné which had previously been suspected,

while the Erythrosperma show an interesting justification for the use of -
achene colour as an important taxonomic character. The grey-brown species,

T.simile, T.dissimile and T.isthmicola show a close relationship with the
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obligHa,which have- the same coloured achenes. Similarly, the large

fulvous achened species T.fulvum, T.falcatum and T.fulvicarpum (the last

often treated as Spectabilia) are grouped, as are the southern Buropean

fulvous achened species T.s amulosum, T.spinulosum, T.stenospermum,

7,oxoniense and T.fulviforme. The interrelationships in the Erythrosperma
are too complicated to be sﬁown on a 2-dimensional diagram however, and
indeed all the 'advanced' sections that have been ireated show a very
complicated relationship in depth. Note, for instance in the Spectabilia

how the ceniral members of the T.spectabile agg. show a relationship

with such ﬁaevosa as T.maculigerum and T.firmum, as well as with the planis
near T.praestans, which are relatively unrelated to the T.maculigerum
group. .

Indeed, it became increasingly evident as work progressed that
whereas in the more primitive, largely sexual sections relationships

were clear-cut and 2-dimensional (witness the ordination of the Glacialia,

Serotina, Obovata, Lepto cephala and Scariosa), in the more advanced
sections they were not. This is doubtless due in part to the greater

. differentiation of the sexual species. Nevertheless, an interesting
feature of -the ordination of the advanced sections was-that some specieé
bave a high overall similarity with other species, while other species have
a very low overall similarity. I suggest that ithe species of high-simi—
larity may have arisen from the main line of descent of the section,
perhaps after apomixis had arisep in these plants. The species of low
similarity on the other hand may have branched off the main stock early,

perhaps while apomixis was not yet widespread, and while they were still
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gexual, evolved rather rapidly.to their present isolated position in

the section. Such a rapid cﬁange in the genetic structure of an indivi-
dual population might b3 effecteﬂ particularily in populations of sexnal.
plants occurring in areaé where apomicts had become more frequent. - In
guch a situation, at least partial genetic isolation from the apomicts
might be achieved, particularly if the apomicts produced no pollen, or i
diad pollen, as it is likely that the early apomicts would (see diagram 11). |
In this kind of population structure, the sexual gene-pool might become

very iimited, and random fluctuations of gene-proportions (gene- drift)
wouid be prominent. In this way non-adaptive 6r only sliéhily adaptive
speciation would readily occur.

In many caeses, the groupinés have been ignored for the purposes of_
Flora Europaea, and only when it is felt that the groupings are well
warranted have they been used. Both for Flora Europaqa and for the
' general purpose of referring to the groupings arrived at by numerical
taxonomy, a system had to be devised for naming the aggregaﬁes. This
follows the Rules of Botanical Nomenclature as far as possible but.

introduces some new concepts, ithe situation not having arisen before, as

-far as it is known.

If a name exists which agrees, without ahbiguity with the new aggregate;;
this name.has priority, and should be used with the authority, followed
by 's.l.'. (In fact this taxon would not be of a sensu lato status,
having already been described to encompass the broad definition as I

"wish to use it. Nevertheless, it is agreed between Dr. Walters (family

editor) and Mr. Sell of Cambridge, Professor Valentine and myself that all
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aggregate -taxa in Flora EuropaLa as found in apomictic groups should be
designated 's.l.' to avoid confusién with the microspecies.) Example:
p.vulgare (Lam.) Schrk's.l.ﬁ for the section Vulgaria, maintained as a
single, large, very'vari;ble and thoroughly indivisible (except as
_ microspecies) taxon for Flora Europaea.
If a name does not exist which precisely defines the aggregate, the
oldest valid name in the microspecies inside the aggregate should be

employed, followed by the authority, and s.l.. Example: T.unguilobum Dt.s.l.,

a small but distinct aggregate taxon which both numerical and conventional
.taxonomies agree should be described in the Flora.
If a species is maintained by itself, <the correct name is presented,

but without s.l.. Example: T.glaciale H.M..




Fa

Chapter 5

EMBRYOLOCY

As the embryoldgy of Taraxacum is already well documented, it would be
superfluous to present more than a rough sketch of the processes here,
with some comment on my own work iﬂ_this field. For a fuller account, the
investigator is recommended to the papers of Gustafsson (1933, -1934a,b),
MaYecka (1961), Haran (1952), Sears (1917), and Poddubnaja-Arnoldi and
Dianova (1934), Poddubnaja-Arnoldi (1939a, b). From these and other works,
the following picture of the embryology of Taraxacum has emerged.

The female meiosis in apomictic Taraxaca is, according to Gﬁstafséon

(1934v), rather complicated. The chromosomes do not pair at pachytene,

and develop through to late diakenesis as univalents, kept apart apparently

by some 'mutual repulsion'. At metaphase, this mutual repusltion ceases,
and the chromosomes come. together in 'secondary associationg', in much

the same frequency as the more st;aightforward male meiosis. Thus if the
male meiosis is 'low association' with mostly univalents, there will be

few secondary associations in the female meiosis. Conversely, if the male
meiosis is of a 'high association' type, with mostly bivalenis, and some
irivalents and univalentis, the secondary associations of the female meiosis
will be of this type. It seems clear that the secondary ;ssociations resﬁlt
from the same kind of mutual attraction of homologous chromosome; which
causes pairing at pachytene in a conventional meiosis, but that due.-to a
repulsion in the earlier stages,this cannot take expression until metaphase

I, and chiasmata are not formed. The chromosomes spread out along the
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spindle to the poles, but they do not resolve into telophase nuclei,
and a membrane forms around an elongated restifution nucleus. A4

_homotypic meiosis II resultis in two diploid diad nuclei. The micro-
pylar diad degenerates, and the antipodal diad develops to form an 8

mcleate embryo-sac in.the usual manner for this family. Gustafsson (1933)

claims to have observed a pseudohomotypic méiosis; in which the chromosomes .

as.-univalenis at metépﬁasé I divide homotypically to result in twé
diploid interphase nuclei, which then behave as the diads in the semi-
heterotypic method formerly mentioned, resulting in an embryo-sac.
Fagerlind (1947) doubts the existence of this method, whicﬁ, if it exists
mst pe exceedingly difficult to_detect.in view of the fact that the
meiosis is not simultaneous.

The egg-cell and the fused polar nuclei of the embryo-sac devélop
autonomously into embryo and endosperm respectively about 36 hours
before anthesis in the apomictic Taraxaca. The endosperm, which
has twice the chromosome complement of the plant, develops'sloﬁly, and
24 hours before anthesis it may be still at the 4~cell-stage, while
the embryo has reached the 16 or 32-cell staée of development. By
qnthesis, the two tissues reach a roﬁghly‘equal cell number however.
In experimental work the precocioué development.of the embryo is-bf some
value, as examination of the ovules some 24 hours before anthesis will show
whether or not the ovules are behaving apomictically. Unfortunately, the
absence of embryo formation does not automatically indicate the presence

of sexuality. It has been shown by Haran (1952) that up to 105 of the

———
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enbryos may not develop in a plant which is quite incapable of sexual
wohaviour due to a very low rate of synapsis at meiosis. It is likely
«nat this incomplete seed-set may be due to a little synapsis in some ovules,
vith the resultar;t loss of chz;omosomes from some restitutional nuclei. In
:rese ovules, the embryo-sac withers if the egg-cell has not developed
refore anthesis (photograph 5), and it is probably practicable to detect.
goxuality by the presence of undeveloped, but unwithered embryo-sacs 24
rours vefore énthes_is.

The embryology of the sexual species ms been fully described by '

poddubnaja-Arnoldi (1939) and Malecka (1961). This differs from that of the

spomicts in the meiosis, which is fully synaptic and regular in most instances,

aad in the fertilisation of the egg-—cell and the fused mclei by the
.;:'unerative nuclei of the pollen tube. The fertilisation of the egg-cell,
and of the fused polar nuclei does not differ from that of other sexué.l
soxvers of the Compositae. Malecka -(1965) reports some meiotic disturbances

in the anthers of Taraxacum serotinum, a wholly diploid sexual species, and

thio may also occur in T.pieninicum (Ma.kecka. 1961) I have found no such

dinturbances in the meiosis of the d1p101d plants with which I have worked. .
In Chapter 8, I report the finding of triploids which are appa.rently
facultatively apomictic. "It seemed very important to examine the embryology
of these planis for confirmation of this partial -sexuality; and also to
discover whether the female meiosis in these plants was synaptic, as I .
%ad surmised. The technique used was that of paraffin;wax sectioning,

te described in appendix 1. |

In the triploid plants which were thought to possess some sexuality',
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{iriploid T.isophyllum from Kovacover Kopce), I examined the ovules
24 hours before anthesis. A% this stage nearly all the embryo—.sacs of an
obligate apomict (as in most tripoids, and all higher polyploids) would
rave developeé. into embryos, and the rest withered. As I had expected
;.-,oweve'r, the presumed facultative apomicts from popujl.a.tiona containing
¢exual diploids, showed a high percentage of undeveloped, but not withered
.;.-_-r-_;ryo—éacs. An example is shown in photograph 4. These had precisely
.-.'zl.o appearance of sexua.i embryo-sacs, and it presumed that this is what
hoy vere - Avout 30% were of this type, the rest already b'eing 32 to
128 cell stage embryos. This proportion of sexual embryo-sacs agrees well
vith the percentage bad seed-set of these plants, and the percehtage of
soxual diploid off-spring which arose when these plants were p_,ollina.ted
¥ith diploids.

Buds were also exa.m'in.ed .a.t @ earlier stage (about 4 .da.ys before

anthesis) in these plants. From these preparations, two stages of female

seiopis were obtained (photographs 6 and 7). These are not easy to

tnalyse, but it is clear that the centro:he{ers are pulling apart vigoro;zly

in the metaphase, which impl::.es that associations with chiasmata are
precent. The very exact orientation upon the spindle also suggests

that this is a meiosis with primary rather than secondary asocia.tions;
“he second photograph shows the spindle very clearly, and one set of
tolophase I chromosomes, the other presumably being lost on this section
(!.was only keeping one section in 3, so this cannot 'Be verified, but the
spindle is tangentially brientated to the section.) ' In this preparation,

‘hore is no suggestion of restitution. Although the embryological .
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evidence for facultative apomi-x_is in high association type trip.lo.ids is

a0t as complete as I would wish, it is, I think now proven for at least

gome of these plants, ‘and, in addition, a synaptic reductional female meiosis
ras been shown to occur in polyploids which are in part apomictic. I wiil
use this evidence in chapter 8 .to suggest, with the help of other data that
the nature of the meiosis is _thé controlling factor in determining the.

reproductive behaviour of a Taraxacum ovule.-

&
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Chapter 6
CYTOLOGICAL VARTATION

In this chapter I wish to make a brief survey of the occurrence of
aneuploidy and cytological chimaeras in Taraxacum. Although these are
pnenomena which have been but rarely recorded in the genus, I hope to
ghow that both are rather frequently met -with in some apomictic sections;
-I\neunloigx

No cytological work in the genus previous to S'c;rensen and Gud‘jd’nssoh
(1946) definitely records aneuploidy in the genus, although Gustafsson
(1932) gives some counts as 2n=23-24 etc. it is not apparent whether this
18 a genuine record of an aneuploid chimaera, or merely an uncertainty as
to the correct count. Earlier work, for instance Rosenberg (1909), often
shows similar variation in chromosome counts ("2n=20=30!") which is
definitely due to uncertain cytology. In later work, Takemoto (1954, 1960)
and Hoy-Liu (1963) record the occurrence of aneuploid chimaeras in some
species (see appendix 4), and Hoy-Liu, Furnkranz (1963) and Mosquinand Hayley
(1966) record cells of different ploidy levels in the same tissue. I have
"aot found thils' last situation in my investigations. Sorensen and Gud;jo’nsson,
and F‘i;rnkranz (loc.cit) both record diploid, triploid ané. aneuploid counts

in different individuals of the same species, and this is a situation which

I believe may be frequent in some areas (see Chapter 8 ), but chromosome counts .

on different levels of polyploidy in different individuals belonging to the
game species are very rare. The only certain record of this seems to be

counts of 2n = 24 and 32 for T.schroeterianum, and the same counts for

T.maculi m, a.ithough in the latier case, I am not certain whether
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. custafsson's plant was correctly identified as he places this characteristic
member of the Spectabilia :m the Vulgaria. The majority of species in which
obligate apomixis is the rule are in fact very constant in chromosome
é-.umber, and aneuploidy has only once ever been recorded at the tetraploid
level or above (T.iundricolum), except in cases where the piant is known
1o have been of sexual origin.

At the triploid level, aneuploidy is sometimes rather frequent however.
"1f we enquire into the causes of aneuploidy in Taraxacum, we are, like
Cudjonsson, likely to come to the conclusion that this condition must arise
as a result of an irregular mitosis or meiosis: As many triploid Taraxaca
probably possess a very irregular female meiosis (see Chapter 8), it is 1:i..ke1y
1hat aneuploidy is a result of incomplete restitution after a very irregular,
but synaptic' female meiosis. GCustafsson (1934a) figui'es megaspores of -
' aneuploid origin, and it seems likely that a large number of triploid
ombryos may not be euploid, but that only monosonﬁc and above-triploid
ombryos are usua.ll_y able to survive. In higher polyploids, the female
meiosis is. (always?) asynaptic, and in these circumstances, it is probable
that aneuploid megaspores will be of a very much less frequent occurrence.
Hdigher aneuploids of a sexual origin (Sorensen 1958)' are perfectly
healthy, so that the aneuploidy is not likely to be a disadvaxitage in these
plants as it is in many sub-triploid aneuploids (Sé'rensen and Gud‘;jénson
' 1946)

If we agree that aneuplo:.ds are likely to arise apomictically from
plants with a synaptic female meiosis, we may then follow the argument

presented in Chapter 8 in suggesting that these synaptic triploids may also
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pe capable of some reductional meiosis, which will result in dipioid or
near-diploid sexuals. It is thus possible that we are likely to find
greuploidy in conjunetion with diploidy. However, it is clear that a
population containiné sexual diploids will contain a proportion of aneuploids
through the fertilisation of haploid egg-cells with the i‘rregula.r pollen
of apomicts. My work indicates that these aneuploids will be sub-triploid
(pee Chapter 8), but Sorensen (1958) ‘has shown that aneuploids of a higher
chromosome number may result from the fertilisation of* some unreduced
ogg-cells of monosomic triploid sexual aberrants. This phenomenon is
clearly not of great importance however, and the offspring of such a cross
uiil be near-tetraploid, ‘a type of aneuploidy not yet found in the field.
Therefore, whereas sub-iriploid aneuploids may arise from sexual individuals,
or from synaptic facultative apomicts, super-iriploid aneuploids are only
likely to arise from plants in :the latter category.

Sorensen and Gu&jonsson (1946) have very thoroughly investigated the
occurrence-of "primary" (2n=23) and "secondary" (2n=22) aberrants in 13
cpecies of Vulgaria (although cﬁolog is resiricted to T.polyodon and

T.laciniogifrons, it is clear from morphological data that these aberrants

occur in the other species as well). Although they have shown (S6rensen
1958) that sexual diploids may arise through the fertilisation of the
reductional egg-cells which seem to occur in one of the monosomic aberrantis,
they have no e\fidence that the female meiosis of the triploids is ever
reductional. As the triploid aneuploid a.berranté that they record arise

at a very low rate (betrlnveen 8.0 and O..1% depending on the species, average

2.2%) it is probable that these aberrants arose through irregular .

-
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gegregation in an asynaptic meiosis as recorded by Gustafsson, and that
synaptic meioses were not found in the female organs of the eu-triploids,
(irregular segregation due to the synaptic meiosis of a triploid, such

25 is discussed in chapter 8, is likely to give a much higher proportion
of aneuploid progeny). These authors have also found that 2n=22 aberrants
arise from tripleids at a very low rate (less than 0.1%) but that they
arise from the monosomics at a_ very much higher rate than the monosomics
arise from eu-triploids. 1In féct the monosomic state seems to be more
liable to produce further aberrants than the original triploids. As has
been explained in Chapters 7 and 8, each of the different monosomics which
can occur (8 in all) pr;duce a different, readily recognisable phenotype
in these species. Although I have not consciously noticed any of these
phenotypes in the plants I have grown in gxperimental conditions, it is
Probable that I have selected against these aberrants at the seedling
level, as I have tended to grow on the most developed seedlings (Chapter 2).
Haglund (1947) h;s claimed to have collected recognisable monosomic |
aberrants in the field, and several plants which I have collected for the
herbarium are probably monosomic. Aithough I have obtained chromosome
counts of 2n=23 from seedlings on a number of occasions, the only case

in which a 2n=23 plant has flowered is in the Palustri;—species

T.austriniforme. Herbarium material of this species in Herb.Cantab.-and-

Herb.Kew. indicates that the species is uniform but whether it is
uniformly monosomic, or whether the chromosome number does not have an
appreciable phenotypic effect in this section is not known.

Sorensen and Gudjdasson also record 2n=25 and 2n=26 aberrants, but
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;. not state either the rate at which these aberrants occur, or whether
y-ay Bre morphologically separable. I have personally recorded plants of Ii
.29, 26, 27T, 28 and 2n=29. When these plants have come-into flower, i
1+ey have proved not to be deviant from the species to which they apparently
1giong, but in the majority of cases it is not yet clear whether this is

. wazugo the species concerned- always has an aneuploid number, or because ' e
«ne differing chromosome number is nb‘t having a marked phenotypic respons.e. ‘
v 9 guper-triploid ahegploid counts are shown in Appendix 3.. Only in
2,1anylobum and T.polyodon do I have definite evidence that the phenotype
:s unchanged by above-triploid aneuploidy. i

From my mass chromosome counis of Durham populations it is apparent

:hat in some localities aneuploidy is much more prevalent than in others.

- usfortunately, these plants have yet to flower, so it not yet possible

o datez;mine whether super-triploid aneuploidy hes any phenotypic response,

rit examination of ihe mature rosettes suggests that a species will show an

:deatical morphology with chromosome numbers between 2n=24-2n=29.

“paparative counts in Durham populations are given in table 8. and

rhotographs of aneuploid cells in photograph. 10.
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Table 8. Chromosome counts in Vulgaria populations in Co. Durham,
showing the unegual distribution of aneuploidy
Locality Species 2n=16 17 18 19 20 21 22 23 24 25 26 27 28 29
Thrislington- T.sellandii 10
Ferryhill corner
Bishop Hiddleham | T.cordatum 6
Turn T.sellandii
Above Coxhoe T.duplidens 7 ' 1
T.cordatum
‘T.subcyanolepis
Bishop Middleham | T.sellandii 8 1
quarry
0ld Cassop T.hamatum 6 1 2
: (and other spp?)
Sherburn Village | T.hamatum 15 3
Corner
Sherburn House T.duplidentifrous 1 1 12 1.2 1 3 1
and one 2n=33
The population at Sherburn Hill and Seaten Carew, both of which showed
some aneuploidy are not included, as hybridisation between sections occurs
at the former locality, and the {taxonomic situation at the latter is very
confused (see Chapter11). In at least the former locality, we can suppose
that a proportion of the aneuploidy is a product of pollination by apomicts
onto sexuals (table 9).
Table I
2n=16 17 18 19 20 21 22 23 24 - 32
Sherburn Hill | T.subcyanolepis 15 'égoxoniense) C
Seaton Carew | T.lacistophyllum 15 (6lSpecta-
T.brachyglossum || A bilia)
¥ | Tounguilobum A
T.maculigerum :
T.hamatum |
T.subcyanolepis .

o - = -
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conclusions from the chromosome counts of Durham populations:

There appears to be a much greater liability for aneuploidy to occur
in some populations than others. There is some indication thai when this
gneuploidy is super-triploid that it may be associated with populations
in which sexual plants are found, As these populations may have triploids
with synaptic female meiosis which might be more liable {0 produce aneu-
ploids. The Sherburn House aneuploids may be a case of this kind (diploids
are found in this population).

It is not yet clear yhether the various Vulgaria Species differ in
th;ir ability.to produce aneuploids, or whether there is any specific
difference due to aneuploidy. That there is a difference beiween populat-
ions and yhgt higher polyploids do not produce aneuploids seems beyond
question.

Aneuploidy occurﬁng in populations in which a fairly hlgh percentage
of sexual plants occur will be sub-trzplold in the main, and will be caused
by sexual, not a.pomictic means.

The 2n=33 plant at Sherburn House may be the result of an unreduced
triploid monbsomic sexual (elegans aberrant) crossed with n=10 pollen.

This plant is healthy, and belongs to the Vulgaria. This tentative
conclusion is reached because this is the only known case of a super teira-
‘ploid aneuploid and the only tetraploid Vulgaria yet known, aparf from
Gudjdhsson's plants of this kind. |

Sérensen and Gudjdnsson (1946) mention that the commonest aberrant
" after triploid monosomics that they encounter are gigas 2n=48 aberrants.

These ‘might be formed either by mitotic restltutlon in the germ tissue of
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ihe parenis or by restitution in the homotypic phase of a restitu%ionai
neterotypic meiosis (giving a monad, as is frequently found in pollen
formation in Taraxacum). They find that gigas aberrants arise in from
0.2-0.8% of triploids in 6 of the 13.species they worked with. As in the
secondary abegrants, the monosomics give rise to gigas aberrants much -
more readily than the eu-triploids, these varying from 0.2-3.4% in 9 out
of 10 possible'abgfrants in T.polyodon and T.laciniosifrons. These gigas
aberrants are very readily recognised, and a number of authors have
reoogniged gigas variants of various Vulgaria-species. I myself have

several gigas specimens collected around Durham. I have not cultivated an

entirely gigas plant, although I have observed gigas cells in T.pycnostictum
and T.faeroense, both higher polyploids belonging to the Spectabilia,
so the phenomenon is not restricted to triploids. The octoploid (2n=64)

count recorded in T.shikoitanense in the Ceratophora by Takemoto has not

been included in Appendix 4, because it seems likely that this also was
a gigas individual or tissue (this number has not otherwise been recorded _
for a Taraxacum species). The.fetraploid cells recorded in the diploid
species T.platycarpum, T.pumilum and T.wallichii doubtless arise in the
same kind of way as gigas cells in apomictic polyploids, and indeed the
first polyploids in the genus must have originated in a similar manner.
Cytological chimaeras

A certain amount of information on gytblqgical chimaeras has already
been given on’the previous pages. It is clear that it is common to find
aore than one chromosome number in the root-tips of Taraxacum species.

Table 10 tabulates the frequencies at which I have found the various typeé

—-—
_
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of chimasra to occur. '
Table 10. The Occurrence of cytological chimaeras in the
Taraxaca I have examined
“Potel number of Number of diploids/triploid Number of higher
families on which families with chimaeras polyploid families
chromosome counts . . . . "with chimaeras
have been made Sub-tripleid | Super-triploid
M9 8/234. 4/234 5/115
2!8% 1'4% ) 2.3%

conclus'i'ons about cytological chi.ma.era.s:

They seem to occur in aiplolid_s and triploids (with some symaptic
zeioses) and higher polyploids (with asynaptic meioses) at roughly ec.fua.l
rates. i

.They may involve the gain or loss of 1-2 chromosomes, or they may
o on different ploidy levels. The first type is rather more comx-non.'

There may be some tendency for a c.ell in an euploid tissue to lose .
¢hromosomes, rather than to gain them. This emphasises the fact that
aneuploid cells occurring in euploid tissue will most usually be of
aitotic origin, whereas aneuploid plants, which will be of meiotic, or less
frequently mitotic origin, more frequently have extra chromosomes, not less.

Cytological chimaeras are not thought to be very important in.

Taraxacum, but their presence re-emphasises the care needed in all cytology.

.-....._...._
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ChaEter 1
KARYOLOGY

. Most cytologists who have worked on material belonging to Taraxacum
have come to the concluéioh that it is not possible to differentiate
vetween the different somatic chromosomes arising at me%aphase. Although
Gustafsson (1932) professes to be unable to identify the chromosomes with
-certainty, he has deduced that some triploid species at least are of auto-
polyploid origin from the idiograms which he has drawn. From this data,
which is not qulished, he has_been able to agree with earlier authors
that the apomictic Taraxaca are of hybrid origin, and that the hybridi%y
has itseif been instrumental in:initiating apomixis. In chapter 8, I
have discussed this viewpoint in the light of more recent knowledge, and
I h;ve reached the tentative conclusion that hybridity has.only given rise
lo apomixis,.insofér that the meiosis of triploid hybri@s is more likely
10 be unstable than that of autotriploids, and thus restitution will tend
to occur in hybrids.

By far the-most thorough karyological work in the genus has begn
porformed by Gudjonsson (in Sorensen and Gudjonsson 1946) and it seems
" likely that in a work in which 8 different chromosome aberrants can ﬂe

completely correlated with morphological variations in the gross structure
of the plant, th? resulis are likely to be very reliable. I quoie kléc. cit.
p. 32):
Zcould hardly-be identified with certainty, but by intensive
work dey by day during several months, and a minute study of

hundreds of drawn plates, I gradually acquired such a knowledge
of the different chromosomes, and their different modes of behaviour,

that -a reliable idiogram could be drawn.
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Although I have had the additional benefits of modern cy‘toloéical
techniques (including the root-tip squash techni;;ue, and the aids of
pretrea.tment), I have not felt able to tackle a task of this size during o
ny researc}; work, and tfxe few idiograms that I have drawn are not of the
accuracy that will resuli from experience and the examination of many
plates. This is certainly due, I hasten to add, to my lack of endeavour - .
1 a,m sure tha_.t many -of my preparations are suitable for karyological |
analysis.

The only other karyological work in Taraxacum is that by MaZecka
(1962) and it is difficult to know how to. comment upon this. It is
unfortunately handicapped in that only the macrospecies names of Handel-
Hazzetti (1907) are employed, and these are of very little systematic
-value (as T have argued at fuller length in chapter 9). The Polish workers
cannot be.entirely blamed for this. however, as according to Professor
Soest, I am the only person to have examined the Taraxacum flora of
Poland siﬁce von Handel-Mazzetti, and only very briefly at that. Ve have
no assurance that the met:i..culous precautions and careful endeavour of
cud'jo’nsson was repeated by Mlie.'Ma.lecka, and from her results we can only
tuppose that this was the case. The microphotographs which are used as
supporting evidence are of a very inferior quality indeed, but this may
be a reflection on Polish printing, rather than the origin.a.l cytology.
It is very important to examine the reliability of Malecka's data very
closely, because she directly refutes the conclusions drawn by Gud‘jcfnsson,
and comes to the conclusion that many po'lyp]:oid. Taraxaca are of an allogamous

origin. She is further unable to find the same genomic construction as
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(udjonsson, in any of the plants she has examined.

In table 11, the basic findings of Gudjdﬁsson are summarised, and

in table 12, those of Malecka are presented for comparison.

Pable 11, The karyology of the species investigated by Gudjonsson .(1946)

Species 2n=

T.optusilobum 16
7.confertum 16
T, polyodon - 24

7.laciniosifrons 24

A B
2 2
2 2
3 3
3 3

cC'"DdD E F G
2 2 2 2 2
2 2 2 2 2
3 3 3 3 3
3 3 3 3 3

Clromosone Mean length

A

B

HoH 9

1t should be pointed out that not only are the results in these 4 species
the result of a very large number of examinations, but that there is con-
siderable circumstantial evidence, and some actual karyology, that another

11 species in this section are simila; in composition to T.Eolxodon and -

T.laciniosifrons.

3.3

3.0

2.3

~2.0°

2.8

2.6

2.0

3.0

submedian primary,
submedian primary,
submedian primary,

submedian primary,

H
2
2
3
3

Constrictions

submedian secondary.
submedian secondary.
submedian secondary.

submedian secondary.

median primary, submedian secondary.

median primary, 2 submedian secondaries.

median primary only.

median primary, 2 submedian secondaries, satellit-:
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. Table 12, _ The karyology of species investigated by Malecka (1962)

Species 2n= - AB CD EF G H "Type II"
m.pieninicum 16 1 2 2 4° 2 4 =15%?!
7, laevigatum 24 3 3 3 6 3 6
T,obliquum . - 24 3 3 3 6 3 6
7.palustre 24 3 3 6 6 3 3
'E‘..palustre - 40 5 5 0 10 5 5

) T.officinale. _ 24 3 2 6 6 3 4

| m.officinale 24 2 4 - 8 6 2 2
=.officinale 24 2 2 7 10 1 2

_ m.alpinum 24 2. 2 10 2 2 6
?.alpinum 2 2 5 10 8 2 5
=.alpinum’ 40 4 4 10 12 4 6
T.nigri-ca.ns 32 | l2 5 10 8 2 5

Chromosome "type II" is 2.5 in length, égd has one, sub-median constriction.
In none of the samples that MaYecka examined was it possible to show

sn even distribution of Gu&jo'nsson's karyotypes, and indeed, she was only

able to recognise 6 basic chromosomal types. Even aliowing that type II

'8 equivalent to Gudjd'nssonfS'chromosome C, we are not able to find any

_o'.'idence of autqpoiyploidy'from'these results. It has been pointed out

sovever (Gustafsson 1947) that even an e@al distribution of chromosomal

‘ype in the genome is not evidenc:e' of definite autopolyploidy, it being

quite conceivable that (.iifferent species or even sections might show the

anze karyology, despite the possible presence of iranslocations and inversions.
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At this unsatisfactory state of affairs, w; must llea.ve past work
;n the genus with the kriowledge that some species in the Vulgaria s};ow
3y gsets of individually distinguishable chromosomes, and that the chromo-
come complement of a genome is ide_ntical in diploid Vulgaria. Mlle.
Matecka's resulis do not agree with this conclusion.

My results are tabulated below. These are very ;tenta.tive. and are for
1ho Imost part based on one metaphase plate only for each a'pec'ies. Photo-
graphs of these plates, and their interpretation is to be .fou-nd in

e;uhotographs 11-18.

Table 13. My own karyological data

.’;;wf:ies | 2n= 1=G 2 3=C 4=H 5 6F T=E 8 .9
’.:.norotinum 16 . .4. 6 4 2
'.‘.bcssara.bi‘cum 16 4 4 4
~.igophyllum 16 6 4 2 4
T.viride x - 17 9 5 1 2
“.polyodon

Z.argutum 24 12 3 _3 6
T.hivernicum 24 12 6 6
Y.bracteatum 24 3 15
%‘.mlmargense 24 6 6 3 3 4 2

‘o numbers at the top refer io my own chromosome numbering scheme. Where

these seem roughly equivalexit to dudjonsson's chromosome types, this is

irdicated;
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Tre Tollowing conciusions csan te drawn oz this work:

Only 5 out of the 9 chromosoms types which I recognised are referable
1 earlier work (especially Sbrensen and Cudjonsson 1946).

The chromoscoze tyre 9 and 8 are respectively larger and smaller than

vikers noted tefoxe.
¥Tes is very uneven in sowe srecies.

The distritution of various 37
Only chromosome I showed a sub-median constriction, rather than a
sedian one.

The coastrictions were often very hard to determine, and this may be a
=ajor contributing factor to the evident unreliability of these r.esults.
| The other main reason why ithe resulis are disappointing is that ﬂ-‘.ey

are only taken'from one {or at the most 3) metaphase plates per spscies.

There is some indication that karyology of Taraxaca may be unreliable

i any case, except perhaps when taken from large samples. Perusal of

ippondix 4 will show that the number of satellited chromosomes, which are

vory readily recognised,.is very variable, between species, beiween families

inside a species, between siblings, and even in the same individual. Presence

v 1




;¢ satellited chromosomes seems 1o be uncorrelated with any known factor,.
pithough it may be a’ consequence of the fixing or hydrolysing techniques,
13 may the greater variability in chromosome size found in the plants I
szamined compared with those examined by the earlier workers. In point of
ract, it might be possible to obtain comparable results using the f‘orms
¢ fixing, staining and sectioning used by Gudjo’nsson and by Malecka
.;:.'iuv_.ashin's Fixdtive with Karpeichenko's modification, with staining in
'.cntian.Violet). This has not been tried.

Satellited chromosomes are only found in the more advanced sections
«-d this has been used as evidence in detérmining evolutionary pathways in

1z¢ genus 12. In the pentaploid and hexaploid Spectabilia and Palustria

1zuy are not. found, and indeed they. are very unusual in’ these sections.
ro Erythrosperma and Vulgaria usually do show some sa.tellites,'but these
;«roly are of a constant number, equal to the level of polyploid,y.I

1-2 supernumerary chromosomes are found in some species. A4n
«ample of a species with one is T.hzlbernicum (photograph 17). B chromo-
::zo0 may be characteristic for some species, but there is evidence that
tte number that will be found is variable (again see Appendix 4 for

further information).

,




Chapter 8
SEXUALITY AND AGAMOSPERMY

The earliest reference to agamospermy in Taraxacum seems to have
veen by the Swede Murbeck (1904). Papers by Juel (1905), Ikeno (1910),
osawa (1913), Sears (1917, 1920) Schkorbatow (1912), Rosemberg (1909),
stork (1920), and Gustafsson (1932a, 1933, 1934, 1935a, 1935b, 1947)
confifm this behaviour and greatly increase our knowledge into the occux;'énce,
pechanism and cytology of this agamospermic genus. Later papers by |
Poddubnaja~Arnoldi and Dianova (1934), Poddubnaja-Arnoldi (1939), Ha;ra.n
(1952, Malecka (1958, 1962) and Sorensen and Gudjonsson (1946) further
increase our knowledge about the Karyology, Aneuploidy and occuzfence of
the agamospermic species, but by 1935, the mechanism of agamospermy was
already rather thoroughly known. The embryological information is sum—
sarised in Chapter 3. Perhaps the most outstanding feature of the combined
work were the.repeated findings that all agamospermic species were poly-
. ploid (most commonly triploid, but also tetraploid, pentaploid, he:’ca.ploid,'
vith one recorded octoploid, Takemoto 1954. ) '

The first diploid sexual Taraxaca were. found by Gustafsson (1932) who

found diploids in the Scariosa (T.minimum), Serotina (T.serotinum),

Leptocephala (T.bessarabicum), Mongolica (T.platycarpum) and Vulgaria
(T.confertum). Shortly afterwards, Poddubnaja~Arnoldi and Dianova (1934)

found several diploid sexual species in Asia, namely T.kok-saghyz,
T.mltisca osum, T.monochlamydemeum (Macrocornuta) and T.nutans

(2Calanthoidia). These findings established the occuz’;\ence of diploid

o~ —.
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sexuals in the Mediterranean and Asia, and further papers by Gustafsson

(1937) and MaXecka (1961) described the occurrence of totally diploid

gexual species in northern Europe:(T.obtusilobum and T.pieninicum). Both
gpecies are in otherwise agamospermic sections (Vulgaria and Eu-Erythrocarpa
rospectively). Further, Holmen (1952) found that T.pumilum (isevia)from
Greenland is also a diploid sexual species . My work has found a number
.of other diploid sexual species, namely.T.kotschii (Rhodotricha),

p.stevenii (Orientalia),T.oliganthum (Oligantha), T.leucanthum (Leucantha) ,
p,haussknechtii (Serotina) and T.bithynicum (Scariosa), all Asian, and

?.viride (Fontana) in the Alps. Hoy-Liu (1963) also gives a number of

diploid species from Asia, namely T.elegans, T.fulvo-brunneum (Kashmirana),

" p,heyboekii (Tibetana), and T.wallichi (Macrocornuta). I have also found
diploidy in the last species. |

To sum up, most of the Asian sections have been spown t6 contain at
least some sexﬁal species. It is thought (Chapter 12) that the 5 most
‘primitive' sections in the genus, found in the Near-East, -are en%irely
sexual. Other sexual species are found in largely agamospermic sections
both to-the east and the west of the presuméd centre of origin of the genus,
some occurring in apparently highly ‘'advanced' sections (e.g. the Vulgaria).
Nevertheless, tﬁe vagt majority of Taraxacum speciéé are thought to be
totally agamospermic. To date, the chromosome numbers of 156 Taraxacum
species are known (see appendix 4). Of these, only 23 (14%) are totally

diploid and sexual. This is almost certainly an over—estimate, as those

sections with the most species (Vulgaria, Spectabilia, Ceratophora and

Erythrosperma) have very few sexual species (oﬁly 3 known altogether). 14

P
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is probably true to say that less than 5% of the total number of speciclas
are wholly aexual.. . .

In 1949 came the first hint that the distinction between sexuality and
agamospermy is not 50 .clea.r—cut as had previously been thought. Tschermak-

Voess discovered a number of sexual individuals in the region of Vienna,

.and showed that they were all diploid. Most interesiing, sexuals were

found in no less than 5 macrospecies, which can be taken to belong to 3

different sections (see chapter 9). This work was followed by Furnkranz

_ who has conducted a lengthy investigation in the Vienna area (1960, 1961,

1965). Brifly, Furnkranz found that varying proportions of populations were
diploid and sexual, up to T0% sexuals being found in the Erythrosperma,

wut the proportions were very variable, and many populations had fewer,

or no sexuals. Furnkranz discovered that it is possible to determine the
chromosome numb.er of an individual through the examination of its pollen
(discussed later in this chapter). He also found that intersectional
hybridisation was found in the field and could be rga.dily induced in

the laboratory (chapter 9) and that apomictic pollen crossed onto a sexual
segregated sexual and agamospermic offspring; usually, but not always
depending on the chromosome number of the offspring (also discussed later

in this chapter). We suspected from Furnkrangz's results that a polymorphism
for sexuality and apomixis might be occurring in the Vienna populations, with
sexuals giving rise to agamospermic individuals through pollination with
agamospermic itypes a.ndlthat these might revert to sexuality thrc;ugh facul- .
tative agamospermy. This seemed the only hypothesis, however unlikely, that

would.account for sexual and agamospermic individuals of the same species
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(appa.rently) occurring in the same populations with different chromosome

rumbers correlated with the breeding behaviour. This last condition seemed

" 1o rule out the possibility‘ of sexuality or agamospermy governed by climate

or light regime, as is found in some grasses, while the maintenance of two
autonomous lines of itne same species, with different chromosome number

and breeding behaviour (as is found in Poa, Cardamine etc.) seemed unlikely

i.n view of the ability of the agamogpermic plants to fertilise the sexuals.
The sexual line would soon have been hybridised out of existence if there
was no possibility of sexuals arising a.ne;r from the apomicts. That the
two types occurred in the same locality, and seemed to belong to the same
species precluded the possiblity o.f a physiological (as in Hieracium of
different species) or’ geographic (as in Antennaria) breeding barrier.

A polymorphism seemed a possibility, but this invoked a facultative
apomixis in the 'l:::"iploids, which had only been reported once before :m
Paraxacum, by Sorensen (1958) as a very rare condition, although Furnkranz
(1961) claims to have observed it in tetraploids without recognisin_g the |
significance of the observation.

The work of Sorensen is of a very different nature, and al_though it
seems to be less important in order of magnitude in causing the occurrence
of sexuality into populations, it is nevertheless of such extreme interest
that I am discussing it fully. In an earlier paper (Sio'rensen and GCudjonsson
1946), the occurrence karyology and morphology of a complete series of
triploid monosomic aberrants is reported for a number of species in the

Vulgaria. This is discussed in chapters 6 and 7.. In the second paper,

Sorensen reveals that of the eight possible aberrants in T.polyodon,
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n,cordatum and T.laciniosifrons, two show some sexuality. Aferrant tenuis
geems capable of reproductiqn oniy by the fertilisation of wholly reduced
egg-cells. Aberrant elegans shows only unreduced (restitutional) egg—ceils,
put the chromosome numbers and morphology of crosses made onto this

aberrant show that it is capable of both agamospermic and sexual reproduci—

ion. The progeny of the hybrids made onto the unreduced egg, are naturaliy

"approximately tetraploid (n=23 x n=8-10 ). As these aberrants arise

at between 0.05 and 0.1% pef generation, it is clear that. they cannot have
a very significant part to play in wild populations, bazticul;r;y as both
aberrants are weak, and ma& not be able to survive any competition. In
fact, the greatest praise is hndoubtedly due to the authors of this very
elegant work in detecting the aberrants at all, let alone of determining
their reproductive behavibur. The results of the work as summarised

above do lead to an interesting conclusion. The aberrant elegans shows

no female meiotic reduction, and yet it is capable of some sexuality, which
the rest of the polyploid apomicts apparently are not. Clearly there is

a coAtrol determining whether a plant shall be agamospermic or sexual,

which is independant of the female meiosis. As we have seen that agamo-

.spermy in Taraxacum resulis in-the production of precocious embryos, it is

possible that this control determines whether the embryo develops before
anthesis, or ‘only after fertilisation. If {the embryo does develop-

precociously, we can assume that sexuality is impossible.

Yet in aberrant tenuis, of the same species, the egg~cell is invariably

a-result of a complete meiotic reduction, and is never capable of developing.

autonomously. Agamospermy has yet to be recorded in a Taraxacum plant with
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jess than 2n=22, It seems to me that iwo basic principles of Taraxacum

,@sroduction can be inférred from these data:

1, The meiosis and ;mbryo development of the plant are independent, and
in any system ensuring agamospermy, conirol of both restitution in
female meiosis and precocious embryo development is necessary.

2, Control of mei&tic reduction seems to be on chromosome H, which is
only present twice in abb. tenuis. Control of precocious embryo
development seems to be on chromosome D which is only present twice
in abb. eleganhs. To my mind, a reduced egg-cell seems to ensure that
‘the embryo doés ﬁdt develop before anthesis (as no diploid apomicts
.have ever been found), and therefore the sexuality of abb. Igggig
is a product of a reduced egg-cell, rather than an effect of the missing
chromosome H on precocious embryogeny.

It ahould'be noted that none of these tentative conclusions drawn

from the papers of Furnkranz or Sorensen have been made bj the authors

themselves and any of these comments seemed good leads for future work, rather ;

than definite conclusions. But a link had emerged which seemed to join
the two apparently distantly reléted problems of these two authors. This
link is the obvious, buj seldom commented upon question of the restitution
or reduction of female meiosis. It was in the control of female meiosis
that I felt the key to the question of the origin and confrol of agamospermy
lay; .

It was necessary in the first place to obtain material from-populations

in which both diploid sexuals and triploid agamospermic plants occurred

together. During the first summer of my work, I collected pollen samples

&
N
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(vy fixing unopened heads in 3.1 acetic-alcohol) from many sites
throughout -Britain, and later examined the pollen in the laboratory.
Furnkranz reported (1960) that all diploid sexuals have regular pollen,

and 2ll apomicts have highly irregular pollen; or no pollen at all. It

therefore seemed that examination of the pollen should give a good idea where

gexual plants were to be found, and indeed that pollen regularity might be
as definitive a technique as Fﬁrnkranz claims. 1In fact, the examination
of the pollen of plants of known chromosome numbér showed that whereas
Furnkranz's technique is an oversimplification of the problem, at least
when applied to ﬁritish populations, it is possible with experience %o
detect the presence of sexuals in populations. |
The pollen of Taraxaca can'be divided into three main types. Most
(all?) tetraploids have a large proportion of pollen grains of considerable
size (35~45 microns diameter). These grains can be shown to be diad,
that is to say the product of a restitutional male meiosis (pﬁotograph 19).
The percentage of diad grains in these plants can vary between 50-60%
(T._oxoniense, which is able to fertilise diploid plants with reductional
pollen) to 100% (T.ﬁaevosum a triploid, as well as sevéral tetraploid

Spectabilia). All pentaploids, and a number of tetraploids (about half

the species examined) have no pollen at all, Many triploids have pollen which

is clearly the product of a rather irregular reductional male. meiosis, and
this can be shown to be so, the grains originating from triads, pentads,
hexads, and the majority from tetrads. This pollen is rather regular, but
the difference in the sizes of the grains, which vary from 15-30 microns

diameter, with a proportion of very small (5-15 microns diamater) grains
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resulting from micronuclei, is still distinctive. Unfortunately, this
sype of pollen tends to grade imperceptibly into regular pollen with a
diameter of about 25 microns which is characteristic of the diploid plants

found in agamospermic bopula.tions. Experience has shown that only-those

. plants with absolutely regular pollen can be safely determined as being from

g diploid. The diploids T.serotinum a.‘nd T.gieninicum would clearly not be
detectablé by this technique, as they both have irregular pollen resembling
a tril;loid, resulting from an unexpectedly irregular male meiosis (Malecka
1961, 1965), but all diploid species in which I have examined the male
meiosis and pollen show both to be very regular. (Photographs of regular
and irregular pollen in photos 20—2-1). For discussion of the significar.xce
of _tlie various types of male meiosis, and their analysis, see below.

In all, 195 populations in 31 vice-counties ranging from Hampshire to
Sutherland have been examined for regular pollen. 1In all, some 1500
plants have been examined. Regular polilen has been found in 14 populations,
(7%), at proportions varying between 75-a.nd 5%. The distribution of these
plants is shown in diagram 8. Owing to the rigorous exclusion of all
plants which showed any irregularity of pollen, it is possible that
these figures are an underestimate. Although pollen régula.rity can
provide a useful guide to the breeding behaviour of Taraxaca, it is
clearly insufficient to rely entirely on this evidence. In support; 278
chromosome counts have been made on seed collected in the wild in Britain.
This was cytologically examined just after germination, as described in
Appendix 1, gro;rn to ma.t;:trity, and th_e breeding behaviour and g'ross

morphology carefully studied of the adult plants. The resulis of the
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- gytological examination is tabplated in detail in appendix 3, but they

are summarised below in table 14.

Table 14. Chromosome counts in British Taraxaca

Chromosome 2n=16-18 2n=24 2n=24 2n=32
count Always Pollen Pollen Pollen absent
sexual reductional restitutional, Pollen absent or
Usually - always restitutional,
apomictic apomictic always apomictic
Number 10 _ 712 8 88 Total: 278
Percentage :
of total 3.6 61.8 2.9 31.7

0f the 182 plants with reductional pollen, triploids or diploids,. 10,
or 5.5% are diploid; From pollen examinations of populations in the fiel&,
about 7%_had régular pollen. This included restitutionallplants, which
formed some 10% of all plants for which pollen examination in the field
was made. Therefore the percentage of planis with reductional pollen

which showed regular pollen is 8% This is not statistically separablé

from the percentage of diploid plants of 5% obtainable from chromosome counts..:

The diploid plants belong to the species T.austriacum and T.brachy-

glossum (Erythrosperma) and T.polyodon and T.subcyanolepis (Vulgaria), but

there is no indication that sexuality is likely to be restricted to these
species. All the diploid plants have been found in lowland Co. Durham,
but in view of the fact that plants with regular pollen have been found
elsewhere in the country, and that over 70% of the plants with ;eductional

pollen of which the chromosomes have been éounted originate in Durham, it
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is -not thought likely'that sexuality is restricted to this county.
The percentaé; of diploid plants in populations which have been
cytologically examined, varies from 0-14%. This is nowhere as high as
the proportions discovered through pollen examination, and this is éhought
'to be due either to the bad seed-set of many sexuals, so that a lower
percentage of the seed-heads collected would be sexual, or due tp the
earliér‘flowering of the sexuals. Furnkranz reports that the sexuals in the
Vienna area flower up to a week earlier than the bulk of apomictis. I fixed 1'
flower-heads for pollen examination about a month earlier than the dates on
which I collected achenes for chromosome counts (the respective dates were 4-
4-19651t0 11-5-1965 for pollen, and 27-5-1966 to 6-6-1966 for cytology).
It takes between 12 and 18 days for seed to set, so about 7-14 days differ-
ence in flowering time is fepresented by the two collections. |
The Durham populations may contain a considerable quantity of sexual
plants, and this may be true of iriploid Vulgaria and Erythrosperma
throughout Britain and indeed western Europe (although perhaps not iﬁ
Scandinavia, where there have been extensive cytological investigations
Py Gu&jonsson and Gustafsson without finding any sexualsapart from the

wholly diploid T.obtusilobum).

Although.Fﬁrnkranz was unable to supply me with material from the
Viennese populations, and Sorensen had ceased to work on the monosomic
sexuals, I was luckily able to obtain at an early stage in my studies
material from Czechoslovakia of an essentially similar nature to that
Qf Furnkranz. Iﬁ the spring of 1965, Professor Valentine very kindly

collected a quantity.of achenes from south~-facing limestone slopes at Kovaw~
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cover Kopce and Hlohovec, C.S.S.R. These plants mostly belong to

the Erythrosperma -(one Vulgaria and one hybrid).

The majority of the plants collected from Kovacover Kopce, and from

Hlohovec proved to belong to the Erythrosperma-species T.isophyllum Hagl.

There were also one seed collection of T.austriacum v.S., beionging to

the same section; and one seed collection of a plant which seems to be
a hybrid between T.isophyllum and a Vulgaria-species. The chromosome

counts and breeding behaviour of these collections are summarised in

table 15.

Tadle 15 Suzzsryw of ihe chromosoze counts snd treeding behaviour

1
of plants srown from-seed collected at Hovacover Konce
and Elohovec C.S5.5.R

2n= 16 17 18 19 20 21 22 23 24

T.isophyllum 6 1 5

T.austriacum 1

Hybrid . IR T 1%
Sexual Agamospermic

* Both chromosome numbers were found in differgnt individual from
the same seed head. The diploids were sexual, the triploids apomictic.

‘ Both T.isophyllum and T.austriacum seem 10 be restricted in distribut-
ion to regions of central Europe. One individual of T.austriacum has

been found growing in clinker at the dock-side at Haverton Hill, -
Middlesborough, England, and it seems almost certain that this was an
alien. It was diploid.2n=16, and sexual. It is difficult to'know whetﬁer

T.austriacum is always sexual, as only two seed-heads have been examined.

It seems likely that in these populations at any rate, sexual and apomictic
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individuals of T.isophyllum occur together, possibly in- roughly equal
proportions. Whether th;s is true of this species throughout its range
is not- known, and indeed, this is a very tenuous conslusion to draw from
12 seed-samples from two different localities. What is needed is a much
more thorough investigation on the site, and I am going to carry this out

in the summer of 1968. It is notyet clear whether the high rates of

geiuality that Furnkranz reports in 'T.laevigatum' might refer to this
.particular species} or whether, as Furnkranz's data seem to suggest, sexual
diploids appear at a high frequency in several central European species,

- a phenomenon which does not apparently often occur in Britain. The

possivle reasons for this are discussed later.

Tze ciploid and triploid T.isodzyllum were grown to maturitiy in

standard conditions of light and heat, as is described in chapter 3.

When these plants flowered, it became apparent that the diploids could
not Bq separated from the triploids on any morphological characteristics,
save that the triploids were a little bigger. Photographs of herbarium
specimens of diploid and triploid T.isophyllum from Kovacover Kopce

" appear és photographs 23 and 24. Professor van Soest, the Taraxacum
authority, saw all my material from this locality, and agrees with me
that the .diploids and triploids are wi;hout doubt referéble to the same
species. When this material fruited in the insect-proof 5reenhoﬁse, the
diploids set no seed, except yhen artificially pollinated by other .
individuals, and were - presumed to be sexual’and self-sterile (see chapter
9). The triploids set seed, with about 65-100% of the ovules setting

good seoed, the seed-set being éoughly constant'for each individual.

. -
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7the seed-set was of the same order when the heads were emasculated by
glicing the florets off the héadraboée the ovule about 3 days before
anthesis, when the buds were about 10 mm high. This is the stage at
which female meiosis occurs, and long before the precocious development
of the embryo occurs in apomicts, to avoid the possibility of cleisto-
gamous self-pollination having taken place. It seems well established

that this triploid T.isophyllum was, unlike the diploid, hehaving

apomictically. It was of the greatest interest to me that the seed-set
‘ was usually far from perfect however. MNost apomictis which I had grown

in the same conditions set perfect seed whether emasculated or not.

(These; in common with the triploid T.isophyllum showed near-perfect ;

germination of all good seed, which can be very readily noticed oy being
coloured and full. Undevel;ped seed is translucent, without any contentg,
and is extremely narrow. It seems uqlikely that germination frequency -
is a characteristic of seed fertility in Taraxacum, but rather seed
content.) The poor seed-set of iriploid T.isophyllum is anaiysed in
Tables 16 and 17. It will be noticed that some individuals of T.brachy -
glossum from Greatham Creek, Co. Durham, also showed bad seed-set of
this type, and are included in the analysis. In all these plants; some
families showed bad seed-set throughout, some showed bad seed-set in some
individuals but not in others, while other families of the same species
from the same localities showed good seed-set.

It seemed a possiblity that this bad seed-set might be a function
of the meiotic behaviour of the female ovule, for it was immediately

apparent that those plants with good seed-set had pollen of the restitution-

al type, while those plénfs with some bad seed-set had pollen of the




A tas el A Y e e

eI

—.t e

]

s el fem .

RIS TPl R e WA A2 ey Smapa A fa s =

Seed-set in triploid Taraxaca from populations containing sexual D12101

Table 16.

Progeny from different seed-heads in the same population.

4 Seed-set:
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Plants

65 100
5 100
75 100
80 '.';ga“ 100
80 100 mean
80 100 100
90 100
-— 100
100 .
100
Table 17.

Progeny from the same triploid seed-head

% Seed-set: in heads from two siblings flowering in insect-proof greenhouse

85
90
90
. 90

mean

94

mean

61

T.isophyllum V.S., Hlohovec C.S.S.R.

'in insect-proof greenhouée

100
100
100
100
100
100
100
100
100
100
100
100
100

mean

100
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reductional type in the Greatham Creek population. All the T.isophyllum
triploids showed bad seed-set and reductional type pollen. It was
clearly worth investigating the possibility that those plants with 5ad
aeéd—set in fact had a partially reductional female meiosis, echoing the
pvehaviour of the male meiosis reflected in the reductional pollen, and
thus resulting in some reductional embryo-sacs which might be capable of

gexual behaviour. This argument followed observation of the fate of the

male meiosis of these plants, in which some meiotic nuclei were rather

regular, ,bivalents chiefly being .formed, and which segregated' into rather
regular tetrads; and other nuclei in which a higher number of irregular
associations, chiefly univalents,were found, in which partial or complete
restitution was occurring (gev.). Why should this not be also happening .
in the female meioses of these plants, leading fo facultative sexuality
in thé triploids, and thus accounting. for thg conspecific diploids found
in one of the populations, at Kovacove;.KOpce?

Aﬂ gbvious initial test was to artificially pollinate the heads of
these triploids with bad seed-set, to see if the seed-set was thus

improved by fertilising the presumed sexual ovules which were not setting

_ seed in the insect-proof conditions. A number of these flowers were

pollinated artificially with diploid T.isophyllum (using the technique of

rubbing the flower-heads itogether, see chapter 9) and the seed-set of all

thése plants showing bad seed-set improved markedly after pollination

(see table 18).

Another test to see whether facultative sexuality was in fact

occurring was also-performed. It was argued that_if certain ovules '

o
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reble 18. The effect of pollination by diploid plants on triploid

Teble ‘U, NG ©176Ct Ol po_._inavion Dy Cip 0l
" T.brachyglossum Di. from Durham, England, showing bad seed-

set in insect-proof conditions

ﬁ seed-set ) Unpollinated Pollinated
35 80
35 80
40 . 100 !
: . 45 100 I
- 164D 55 ' 100 i
60 - . -
60 Cy
65 b
85 e
i : : !'
_ 65 ' 70 - .
' _ 65 70 N ;
171C 85 . 3
: E 25 . : _ -g
100 _ ;
70 : . 85 o
‘80 90
1634 85 95
. . 95 100 '
l:
1
Means 69.5 - 90.0 ' i-‘c
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contained reductional embryo-sacs, capable of behaving in a sexual manner,

that wyen pollinated with haploid pollen from a sexual diploid, the seed
arising from the reductional ovules would be expected to be diploid, and
the pfogany thus partially sexual in behaviour. In view of the fact that
pollen regularity seemed a good indicafor of the diploid state, it was

decided to plant out numbers of progeny of the cross triploid T.isophyllum

X dipioid T.isophyllum, and triploid T.brachyglossum 9 x diploid
T.isopgxlluﬁ, {ogether yith controls of non-pollinated seed from plants
with bad §eed-set, an& pollinated seed from plants of. T.brachyglossum
showing perfect seed-set. The results of the examination of the pollen of
all thes; progeny are-tabulated in table 19. It will be noticed tha%ithe
only offspring to show some plants w?th regulaf pollen are those resulting
from plants with bad seed-set, pollinated. None of %he controls

contained any putative diploids. This result strongly suggested that
reduction and sexual behaviour was only occurring in the ovules of the

triploids of both species that were giving rise to bad seed-set. In

order to confirm that sexual diploids were indeed arising from the triploids

plants were repotted from 2 families which had shown some individuals
with regular pollen (one family from each species involved were used).
It was'unfortunately impossible- to know which of the individual planfs
from each of the two families had shown regular pollen, as the heads
collected for pollen examination did not come from individually labelled
plants. Nevertheless, of the 12 plants repotied, 6 from each family

known to contain plants with regular pollen, two were diploid 2n=16, and

iwo were hyperdiploid 2n=18 and 2n=c.20, and all four showed totally sexuél
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Tabie 19. Results of the examination of the progeny of triploid
apomictic plants with bad seced-set, pollinated by diploid
. plants_in insect—proof conditions

gross Sample size Pollen regular Pollen irreﬂlar' %regglar

164 x 148 13 9 ' 4 6. éi

158 x 148 9 ' 6 3 66. :

173 x 148 £V S 10 20 33. :

171 x 185 24 4 20 16.7 .

164 x 154 14 3 ' 1 21.4 ?!
90 32 - 58 3B.5% !

COntrol;s :

173 unpollin. 28 0 28 0

156 x 185 ' 14 0 14 0

7 x 185 .2 .0 22 . 0’

404 x 183 19 0 19 0

164 unpollin. 3 0 31 0

164.x 147c 10 0 10 0

(autopolyp.)

124 0. 124 0
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cha¥acteristics, setting ho seed in insect~proof conditions, except
" when qross-pollinated.

It was now proven that sexual diploid plants could arisé from triploid
Taraxéca showing at least some agamospermy. It was still not clear what
" was the exacf method by which this could occur however. As-I have already
stated, it'wés suspected that this was due to an irrégular female meiosis,
with synapsis, and partial_or complete reduction in some cells, but also
with the majority of meioses sufficiently irregular to inhibit segregation
at 1st apaphase, resulting in some restitution. It was thought that
embryological studies of triploids with bad seed-set might provide a -lead
in this direction. ' As is rélated in chapter 5, it was found that triploids
with bad seed-set showed a proportion.pf undeveloped embryo-sacs, 12
hours beforé anthesis, together w;th well developed embryos in the same
head. Undeveloped embryo-sacs in obligate apomicts have always withered
by this stage, and the embryo-sacs in these triploids were indistinguish—
able from a sexual Taraxacum embryo-sac.. Two stages of female meiosis
weré found, and in each it is quite apparent that a synaptic meiosis
is proceeding. In one preparation segregation can be seen to have
occurred. This is the first evidence of a reductionai female meiosis in
a polyploid Taraxacum.

In view of the fact that some triploid Taraxaca can be shown to be
the progenitors of diploid sexuals, it is clearly of great interest to
gain confirmation of Fﬁrnkranz's findings that diploid sexuals pollinated
.with pollen from tetraploid T.'alustre,.give mostly triploid progeny,

which are only 25% apomictic. He also finds that interspecific (+ = inter—
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sectional) hybrids betwéen diploids show a strong tendency to become
polyploid through somatic mutation.

In my experience (which admittedly does not cover many Palustria) no

naturally occurring tetiraploids ever have much tetrad (n=16) pollen, and

that which does occur is mostly rather irregular. Assuming that 'T.
Balustre' produces mostly tetrad pollen, it is surprising that such a
high degree of sexuality prevails in the triploid hybridé. Furnkranz has
not, to my knowledge, ever pollinated a diploid with pollen from a poly-
ploid of the same species, and it is in the result of this experiment

that we are bound to be interested if we are to determine whether a sexual/

_apomictic polymorphism occurs in the field. I pollinated a number of

heads of diploid T.isophyllum with pollen from triploid T.isophyllum.

The chromosome numbers of the resulting progeny are shown in table 20.
If a comparison is made with chromosome numbers in the wild population

(table 15), it will be noticed that the two tables show a great discre-

~ pancy in the interploid chromosome numbers. Whereas the artificial crosses

show a peak at 2n=18, and continue right through to én=24, the naturally
occurring plants are mostly egploid. It is thought that this may be due
firgtly to tﬁe fact that all thq artificial crosses are a result of
pollination with irregular pollen from a triploid, wh}le many of the
natu?ally occurring plants will be a result of diploid x diploid, of
iriploid agamospermic parentage, thus keeping the same chromosome

number as the parent(s). Far fewer interploid plants would therefore

be expected to arise in the field. Secondly, I have yet to grow to

. maturity a plant with a chromosome number between 2n=19 and 21 inclusive.

Y e e s I
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I believe these plants must be weak or inviable (the counts recorded come
‘from seedlings before establishment). In both the wild and artificial
populations, plants from 2n=16-18 proved to be entirely sexual (and fully
fertiie), and those from 2n=22 to 24 mostly agamospermic, although the 3
plants in this range created by a diploid x triploid cross shared'with_
the wild triploids a seed}set of approximately 70% without pollination and

were presumably facultatively apomictic.

Table 20. Chromosome nuﬁbers of the progeny of a diploid female x
! triploid cross. T.Isophyllum Hagl.

2n= 16 17 18.19 20 21 22 23 24

3 6 14 3 2 2 0 1 2

Before discussing the mechanisms of sexuality and apomixis more fully,

it is worthwhile considering the male and female meioses of Taraxacum ' R

in greater detail. ' It has already.been noted that the pollen of Taraxacum
can be shown to originate from a restitutional meiosis, an irregular
reductional meiosis, or a regular reductional meiosis, and that these
diffe;ept mqiotic types are rather closely correlated with the chromo- . i
some number of the plant. These different meiotic types are pictured.

in phothraphs 26-32, and the meiotic and tetrad analyses of reductional

and restitutional triploids are tabulated in tables 21-24. It is |
apparent that sexuals are oniy found in conjunction with plants with
irregular reductional pollen, and that these latter are exclusively tripioid.

This conclusion became very clear during the analyses of the pollen of
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Table 21, Meiotic apalysis, T.hamatum Raunk., County Durham ] :
. . N ‘|',
I ' i1 I Total
6 4 24 Co
4 4 4 24 ' 5
k) 6 24
2 2 6 24
3 6 24 N
3 6 24 -
8 24 §trong assoc.:iad-;.— ',
ion type meiosis i
2 2 6 24 : i
3 ¢ 3 5 24 : N
2 2 6 24 R
2 2 6 24 - I
1 4 5 24 B
1 4 5 24 : o
8 24 '[j--
3 6 24
3 6 24
ean 1 2.9 5.0
Table 22. Meiotic analysis, T.praestans Dt. County Durham - !
B} I 111 Total i
19 1 1 24 H
22 1 24 AR
24 . . 24 Weak associa.tion! ' .
20 2 24 type meiosis it
24 24
11 5 1 24 :
18 . 3 24

Hean 15.8 1.7 0.25
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Pable 23. ~ Tetrad analysis in Triploid T.hamatum Raunk. From

County Durham. High tetradtype resulting from sirong
association tzgg meiosis

Monad Dyad _ Triad Tetrad _ Pentad Hexad

14 . T 27 5 2

1 26 58

8 34 33

4 11 46 1 3
Total -27 - T8 164 12 5
Mean % 9.4 27.2  57.5 4.2 1.7

Table 24. Tetrad analyéis in tetraploid T.naevosum Dt. from

County Durham. High dyad type resulting from weak
association type meiosis

Monad Dyad Triad Tetrad Pentad Hexad

TOTAL ~ 7 107 28 119 5 1
Mean % 2.6 40.0 10.5 44.5 1.9 0.4
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British populations as regular pollen was unfailingly found in ﬁbpulations
which otherwise possessed'pollen which was irregulaf, but in the main
reductiénal. As sexual plants will have a reductional female meiosis,-

I wondered whether the female meiosis of triploids with reductional pollen

might not also be in part reductional. If this was the case, that the
p °

female meiosis, in some planis at least, echoed the male meiotic behaviour,

. some female gametes would be reductional and oth;rs restitutional in

the same flowering head. As an egg-cell which is to develop apomictically ;

L

normally requires to be restitutional, and as a sexual egg-cell is
reductional, this seemed an interesting point to follow up, in the
investigation of thg facultative apomicts. As is related earlier in

this chapter, and also in cha&ter 5, a reductional and synaptic female
meiosis has been found in a triploid with bad seed-set, and reductional
pollen. We are still a long distance from proving that in some triploids

the female meiosis shows a similar behaviour io the male, which is

unfortunate, as the male meiosis is a great deal more easy to examine that ;

the female. Nevertheless, it now seems likely that the female meiosis
is important in determining the reproductive behaviour of an ovule. Only-
a great deal of work on the female meiosis can prove that this is correct,

and I am expecting to engage upon this project next. Unfortunately, the

most complete analysis 6f the female meiosis in Taraxacum by Gustafsson

.(1933, 1?34a,b) does not lead us to believe that this view is correct.

In Gustafsson's three mainresearch organisms, T.dissimile, T.kalbfussi,

and T.norstedtii there was no indication that the male and female meioses

L3

were essentially similar. The first species does not have pollen, but




LT L )

_93_

displays an asynaptic female meiosis (wi&h secondary associations).
T.kalbfussi has a rather asynaptic, but very irregular male meiésis, of
the type that might produce 60% diads (as in T.oxoniense, for iﬁstance).
The-female meiosis however is once more devoid of primary associations.
In T.norstedtii, which is a hexaploid, unlike the other two, which are
triploids, the male meiosis is rather regular, with mostly bivalents
formed, and although segregation is rather irregular, the pollen is almost
éntirely reductional. The female meiosis once again is asynaptic and
restitutional however. (T.norstedtii is an exception amongst higher
polyploids in that it retains the ability to form pollen at all). If we
examine these results, it becomes clear that only T.kalbfussi is relevant

to our problem. Higher polyploids have never been suspect of any type of

sexuality, and T.norstedtii is the only species I know of above the
triploid level which produces reductional pollen. It has been suggested

that T.norstedtii is aﬂ'autoploid; and I have recently found a closely

related tetraploid which I have called T.pseudonorstedtii. There might

therefore be a very high homology between a number of sets of chromosonmes,
which resulis in a higher degree of pairing at male meiosis than one

might expect. In T.dissimile there is no male meiosis. In T.kalbfussi

_ there is clearly a sirong difference between male and female meiosis.

There is no reason however why some species should not have attained a
tofally asynaptic female meiosis, while retaining some synapsis in the
male meiosis, while'other species maintain the same behaviour in both
types of meiosis. T.kalbfussi is of the same type as a number of triploids

and tetraploids with rather asynaptic male meioses, with some restitution,

o e 8 0 A mera i b = e v A mamme aen R e 5w e
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and yet in these plants there is no suggestion of sexuality. Clearly

we have to p%opose that the evolution of asynapeis in species occurred
preferentially on the female side. This suggests that some kind of

external system in the ovule creates the mutual repulsion in early asynaptic
femie meiosis recorded by Gustafsson. éustafsson has supposed that this
miéht be an enzyme syétem. It seems possible that the facultative apomicts,

the high associéiion plants, may be species in which this asynaptic system,

" also shown to a lesser extent in the male meiosis, has not evolved.

Before we finally examine our information relating to the causes and
mechanisms of agamospermy, it is worth adding one further piece of evidencs.
This is of a rather different nature; it concerns the. nature and reproduct-—
ive behaviour of autoploids. The connection between diploidy and sexuality
has already been fully emphasised. The question arose in our mind as to

whether tre diploid state dicd not ellow szzmospermy, t7 virtue of iig.

© ehrozoscme cdztexnt o =2liotic Ssrawviour, or whetZer all tze dirloid ssxmal

. species yossessec sozme geaetic information which wes not pressat in roly-

ploids, or which was obscured in the polyploid. One way of ottaining

information on this subject seemd to be by making & diploid polyploid,

without recourse to pollination by polyploid apomicts, through the
technique of colchicine-induced polyploidy. The tephnique which was used
in these experiments is described in appendix 1.

Seedlings from a number of diploid species were treated with colchicine.
When the seedlings hgd reached the age of two months, epidermal stribs
were peeled from thg tOp.surface of the leaf(a very simple operation in

this genus) and the diameter of 10 stomata measured for each leaf ( 10 be

e e— - 4t
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entirely accurate, the greatest distance at right angles to the line of

" the guard cells, from the outer wall of one guard cell to the outer wall

of the other was measured after ithe tissue had been immersed in tap-water
for ten minutes; by this time the stomata were invariably fully opened)..
It was found that untreated plants possessed stomata with a diameter of
betweehr 8 and 9.gnité (I did not calibrate the eye-piece micrometer gauge)
while treated plants showed stomatal diameters of either 8-9 units, of
11-14 units. Thé'two types were very clearly demarcated, and it was
assumed that the plants with the larger stomata had become polyploid. A
number of these died, and most of the remainder did not flower. 1In
T.viride, the plants with large stomatal size were all stunted, with thick
mishapen leaves, and none have flowered, although the plants with small
stomata which survived are of normal morphology, and have flowered freely.
In no. other Spédies waé %hefe any other external sign of presumed poly—
ploidy; In T.serotinum, none of the treated plants have yet flowerea, as
this plant never flower until its second autumn. In T.isophyllum, two
plants with large stomata have-flowered, and it is with these that we.gre
concerned.. The species treated with colchicine and their subsequent

fates are recorded in table 25.

e T Y L
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Table éj. The results. of colchicine treatment on dinloid Taraxacum
seedlings
Species percentage percentage Number Chm. Sexual
with large with large | flowering | No. ? '
stomata stomata
surviving
T.isophyllum 43 25 2 32 Yes
" T.viride 73 70 0 - -
T.serotinum 15 100 0 - -
T.bessarabicum 0 - - - -
T.kotschyii 0 - - - -
T.isophyl}um x 0 - - - -
T.polyodon 0 - - - -

The last cross was colchicined in the hope that a hybrid might exhibit

behaviour at variance with that of the tetraploids arising from single

species. Unfortunately, none of the seedlings became polyploid, and this

experiment will have to be repeated.

As“can be seen, the colchicining experiments were only successful with

regard to T.isophyllum. These two plants were both shown to be entirely

tetraploid (photographs 32, 33), and possessed regular pollen of the same

size as the diploids (photograph 34), despite the fact that they were

n=16, not n=8.

self-sterile.

These plants flowered freely, and were totally sexuzl and

Crosses were made between the tetraploids and diploid

T.isophyllum. Good seed was set in the crosses in both directions, and

the F1 has thrived iﬁ both cases.

In both crosses, the F1 is entirely

triploid (photograph 35). Here the resemblance ends however. Although both
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families showed good regular pollen, like both parents, the 2n=32 female

x 2n=16 male triploid proved to be totally sterile, while the 2n=16

female x 2ri=32 male was as fertile as either parent. No agamospermy could_

be detected in any of these plants, despite repeated emasculations. Thus

whereas the diploid and tetraploid plants were fully fertile, and the pollen

of the triploid is also apparently fertile, the triploid ovules are inca~
.pable of functioning in any manner iﬁ plants resulting from tetraploid -
mothers. | _

It has been suggested earlier in this chapter that the key to the
reproduciive btehaviour of a Taraxascum plaﬁt may be the fate of the female
meiosis, but that dgamospermy is unable to function without an additiona}
and uncorrelated precocious embryogeny, which cannot develop with a
haploid egg-cell. The autotetraploid was entirely sexual, and from the
chromogome number of the off-spring when crossed to a diploid, we can
" assume that it had a fully reductional female meiosis resulting in a n=16
egg~-cell. From this information we may surmise that the female meiosigv
was regular, with very few if any univalents or multivalents forming.

On the other hand; the triploid was sterile in ﬁlants with a maternal
tetraploid. As all the genomes present in all these plants would be
iﬁentical, these facts are at present inexplicable. We can only assume
that in one family the meiosis of the autotriploid was sufficiently .
regular to allow good segregation to reductional meéaspores, while in the
other, the meiosis was irregular, so that no reduction was possiblef In
this case, we note that the plant was not agzmosjermic, so'th-t the

mechanism ensuring the development of the ? restitutional egg~cell could
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not have been present. And yet, this plant comes from a population in
which triploid facultative apomicts of the same species in an apparently
polymorphic relatipnship with the sexuals. Clearly triploidy is not by
itself enough éo initiate agamospermy, and when a iriploid pollinates
diploid sexuadl in these populations with some triploid apomictic off-
spring resulting, the triploid pollen apparently csntributes a genetic
system which allows the triploid unreduced egg-cell to develop preco-
ciously.

If a diploid was homozygous for a gene which automatically producea
precociaus embryos, the offspring would be haploid, and thus presumably
at a considerable disadvantage (always supposing that the meio;is of
diploids is always redugtional , which seems to the the case). There
seems to be no alternative but to suggest a genefic system controlling
precocious embryogeny, which only works in the presence of unreduced egg-
cells. This seems quite a plausible theory, particularly as haploid
embryos may abort at a very early stage in their development. If we
suppose this to be s0, diploids would be sexual, whatever their genetic
constitution. Triploids would be apomictic, if theypossessed the gene
system for‘precocious embryogény, and unreduced egg-cells. Reduced egg—
cells would of course be sexual. If unreduced egg-cells occurred.in a
plant Qithout the genetic equipment for precocious embryogeny, they would
presumably cease to function.

The only difficulty with this theory seems to be that the selection

© pressure in populations containing some apomicts for precocious embryogeny

would be intense (plants not possessing this system being sterile), and jet

g———
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our artificial triploid is apparently of this type, without a precocious E

embryogeny system. There is a pressing need for the repetition of this

experiment, which appears to be unreliable, not only from its distressing
inability to fit in with the rest of my data, but also from the widely
different resulis obitained from apparently identical plants. "We can only
suppose thai tke sierile plant from the maternal ieiraploid was an unusu;1 ' p
mitant forz, in ihe absence of oiker data. The other artificial triploid,
which was sexual, we can suppose had rather good meiotic pairing, perhaps C
as a result of its autoploid origiﬁ (see my earlier commenfs on T. n
norstedtii). - .
A scheme which represents my theories coﬁcerning the origin of !
apomixis in Taraxacum is set out in diagram 11. This is a condensation |

of many of the views expressed in this chapter. It makes the important

additional point that some triploids may have evolved from backcrosses of
tetraploids to diploids before an asynaptic restitutional meiosis . i

evolved in the teiraploids. This scheme may explain why both reductional

\ e

and restitutional types seem to occur in the triploids, but only restitut-

ional meioses are found in tetraploids. It suggests that the potential for

. e m e v

precocious'embryogeny arose before that for restitutional meiosis, sO i.'f
that triploids, with an irfegﬁlar meiosis, may have been among the progen&

of wholly or mostly sexual teiraploids. When these tetraploids later

déveloped an asynaptic restitutional meiosis, they may also ﬁave backcrossed

to diploids resulting in mostly restitutional triploids.

This scheme follows the facts as we know them, but it extends veyond

knowledge into the realms of speculation. It presents merely what I
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consider to be the most likely way that apomixis may have evolved in its ;

various types in this genus. %' 1
. 1 It
\ i

- e e .




T T =EE= T g s - T~ T . e ke TR - ———

anotaeyaq STy} Jurimoys eoexear], punog 3oL jou aaey I ( )
*aanjeu sIYl Jo squeld umod? saey I

Juissoxo-orq adUINY puv wzﬁﬁﬂﬁo@ aulog

—owoIyd yIno.ryq sputod asa wo.x *s3otwode
agoxs hﬂpmnoaaﬂ.oﬁanmchm anMMonnm. dATJE}INORJ JO UOTINTOAD
Axaa aq few yotym ‘sprotdexsy pue
ot3deufse oxw yorym ‘sprordezusd sjoTwode a3e3dr[qo JO UOTINIOAL
*qotmwode 9983TTq0 .
prIafy pTOoTdTIy »
. protdip

03 paryod TrRUOTjONpOJ
Jo ssoaoyorq
-jotwode 91B9ITq0
*praqly proidexjay

ﬂ,mﬁmmmnhmm 2T 10TOY .mﬁ#mGOﬁamHmn otydaoufiod 2 UT PaYSTIqL1sSe
1 °g WALSAS TANTD swooaq few pue ‘fLrxeinSax ostae sproldriqg *
- (° jotuode \,@
©  aarjejrnoey ‘praqfy prordexisy) : orjotwode Afraatrjejnoey ‘prordray *
[ ‘ﬁ *soes-ofxqua . - soes-ofaque . Wr :
paonpagun g0 Ausfofiquo paonpaaun Jo3 Lusfofaquo
§N0T00091d 'V HALISAS JMID SNOTo0%8dd - °V HALSAS TNED -
‘ a]1Ie9s Jo ‘Tenxss prordra] *
A
proTdTp 01 SsoJoxoeq
(*ettaeys .
J0 Tenxas pixgqfly cﬂo~mdavoav Ternxas proydexjlay, *
. /N
Aﬁ - RprordLiodognu } fpro1dLyodosne
Tenxes ‘praqhy proTdig& > uoT4esTPTIQAY é— > renxes prordiq -«

WNoWXeJe,, uf cixiuode JO UOTJN[OA® 93 JOJ ouayos aiqrssod y  *{| urelserq







Chapter 9
HYBRIDISATION

Very 1ittle,hyhridisation has been observed in Taraxacum, and very
few artificial crosses have been attempted in cultivation. This ié .
doubtless due. to the relatively recent discovery of sexual plants in this
genus, and the difficulty found in obitaining most of them. The first
attempts at interspecific hybridisation were made by Poddubnaja-Arnoldi .

(1939). 'She made all possible crosses between the sexual species T.lkok-

saghve, T.muliiscssosum, T. bessersdicum and T.serotinum, and she zlzo
b —
- =% T o = aea oA - - - - Y e e ™M Fwmmess O Y T
crossed ihe polilen oF tke zromictic species T.riternus, T.trevicorniculziun
-a an - - & - — =l = Q- - - -—mas - o mamme
andé TL.'offisinzlet ouio 21l of ithese sexusls. Ste found that T.ioneszohvz

and T.mulitisczuosum set good seed when pollinated by the sexual species,

but no seed when pollinated by the apomicts. As two of the apomictic species

are tetraploids, and thus can be expected to produce restitutional pollen
which will not function on the stigmas of sexual species, probably ithrough

a mechanical effect of size, this is not surprising. T.officinale migh{

have been anything, including a tetraploid. Results from this work which are

rather more curious are those regarding the other two sexual species,

T.serotinum and T.bessarabicum. These did not set any seed when pollinated
-with any other sexual species. Yet these two species are usually (always?)

self-fertile, and good seed would be expected to set, irrespective of the

crossability of the specieé in question. " All the hyorids that Poddubnaja—

Arnoldi was able to create set very bad seed, and were mostly totally

sterile. This.result does not agree with the general conclusions of my

ST e e emeemm e eme s
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work, but I have yet to make any of her crosses except T.serotinum x

thessarabicﬁm and, as I would expect between these two self-fertile
gpecies, seed-set Qas very éood. I have not yet germinated the seeds from
this eross 1o discover whether hybridisaxi;n has occu¥red.

The only other worker to report the results of experimental hybridis-
ation in Tarsxacum has been Furnxranz (1960, 19€1, 1965). He reports both

the discovery of hybrids in the field, and the synthesis of hytrids in the

ol

expericental gardien. e found tkat 211 ithe taxa with which re was worxing
were interferiile, and ihat crosses could be successfully performed with
a triploid apomictic male parent. Where the results of these crosses are

of interest in the present work, they are discussed in chapter &.

Furnkranz reports the discovery of hybride swarms between T.officinale :

and T.laevigatum (the Vulgaria and the Erythrosperma?), a situation that

I have found in England. It is unfortunate that the old aggregate names :
of Handel-Mazzetti should have been used in this interesting work. The

names T.officinale, T.laevigatum, T.palustre, T.alpinum and T.obliguum

are virtually without taxonomic meaning, being in moét cases the result
of very heterogeneous iypification, and in most cases not even being
equal to a section. Even in this ancient classification, we must be
uncertain about the taxonomy. Not only have no vouchers been deposited,
or live material maintained, but the name T.obliquum is certainly
incorrectly used. fhis plant occurs on the coastis of the Low countries,

. and has not been recorded within 800 miles of Vienna. It is probable that the

brown fruited Erythrosperme (the Dissimilia Dt) are inténded by this

- -

f aem A o e -




- 104 -

apithet. From Furnkranz's work we can adduce no more information than that
he creéted bybrids ‘between a number of different looking Dandelions, some
of which were undoubiedly sexual, and that the hybrids  possessed interme-’
éiaﬁe charactéristics. In his latest paper (1566) ne uses his resulis to
destroy the biological foundation on which the justification of a micro-
species classification lies (see chapter 1). It is difficult to see how
ﬁﬁrnkranz.is able to condemn a system, particulérily one which has stood
the test of time and much usage, of which he patently has so little
knowledge. ‘ |
Neveréheless, there is much of value in Firnkranz's work. He sfates

that hybrids between diploid T.laevigatum and T.officinale showed triploid

" chimaeras, mitotic instability, and gave rise to triploid achenes in some
cases. This is a most interesting lead to the type of origin that our
polyploid apomictis may have had. These hybrids, he reports, closely resem-

ble T.obiquum (the Dissimilia?) while hybrids between diploid T.palustre

and T.laevigatum closely resemble T.officinale (ihe Vulgaria?) a very
heterogeneous group! Nevertheless, the suggestion is made that many‘of our-
present day apomiciic groups may be of hybrid origin, which must surely

be correct. To suggest that hybridisation was a direct cause of apomixis,
is going a little far perhaps. That hybrids might possess the necessary
instability to give rise to polyploidy and unstable meioses seems 10 ha;e
been proven. It is significaﬁt that these triploids were sexual however
(just as my a;totriploids weré). Clearly another factor is required to

¥ork upon a resti%utional egg-cell-that of precocious embryogeny. Furnkranz

suggestis that.aqeas in which hybrids occur today posséss more microspecies,
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the.inference:being that these microspecies are apomictié segregates
srising from hybridisation. In fact, if these segregates are successful,
become well differentiated groups with geographic and ecological identity,
there ié no reason why they should not e given specific rank. Neverthe-
less, it is clear that this situation does not occur. In the hybrid popul-
ations which I know, a maximum of three species occur. It is true that

a wide range of hybrid segregates some of which are apomictic, are fouﬁd.
ﬁut the variation is continuous, and the parental types are sufficiently
frequent for their identity to be established, and the inference drawn that
the hybrid; are not very successful. A successful agamospermic strain, &
candidate for specific rank, is unlikely to be fixed in an area where it

és continualiy'back—crossing vwitn sexuals, unléss it is genetically

identical with the sexuals, as is clearly the case with T.iscphyllum at

Kavacover Xopce.
Furnkranz also notes that his plants were self-sterile. liatecka also

reports self-sterility in the sexual T.pieninicum (1961) . Although toth

these observations escape remark, the qugstioﬁ of self-sterility and self-
fertility in apomicfic Taraxaca is one of the greatest interesi, 'which
seems to have been- ignored.

.Information about the self-sterility/fertility of sexual Taraxaca

can be summarised‘in table 26.
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Table 26. Self-Sterility and Self-Fertility in Diploid Sexual

Taraxaca
Section Species Self- Self- Reference
- _fertile sterile
Leptocephala . T.bessarabicum + . | Personal
Serotina T.serotinum + n
- T.kaussxzeckiii "
Rrodotriczia T.icischyi + "
Orientali T.stevenii + "
Kacrocornuia Te.wallichii + "
Fontana T.viride + "
Erythrosperma T.austriacum + "
T.isophyllum + "
) T.brachyglossum + " .
Vulgaria T.subcyanolepis + "
T.polyodon + "
T.duplidentifrons .+ "
T.'officinale! + Furnkranz 1960
T.'laevigatum’ + "
T.'palustra’ + "
T.'obliquum' + "

It will be noticed that whereas all the species belonging 10 otherwise
agamosﬁermic sections, and the two very primitive Asianspecies with very
short rosira are self-sterile, the three primitive species with -long
rostra, found in the Mediterranean region and the Near-East, are self-
fertile. It is difficult to envisage an evolutionary system wnerebj self-

Eenld wsse peen sell - {urbilify

aterllltyL.self-fertlllty always possessing the immediate advantage as long

a8 cross-pollination is not complete (many authors inc. Stebbins 1950), aad




ons is itzus forced 1o Ttelisve that ike Serotinz and Lectocsohzala are not

on the main evolutionary line of sexuzl Taraxaca,but had evolved self-
fertility, whereas the evolutionary development that we can suppose gavé
rise to the Western agamospermic sections did not evolve self—fertility;

It is tempting to suppose that they did not need to, as agamospermy
rapidly developed in these lines, and thus achieved automatic seed-set by
‘another method. The remaining sexual lines in this evolutionary advance

ma2y also not ha@e'achiéved self-sterility, although we unfortunately do not

know the behaviour of T.obltusilobum, T.confertum, and T.pieninicuwm, nor

do we know the behaviour of T.minimum and T.pyropappum, of the Mediterranean
diploids, and of T.pumilum in that apparently quite separate advance of the
Laevia. In fact of the totally sexual species in agamospermic sections,

we only have information on T.,viride, which is self-sterile. Of the 5
species and fﬁrnkranzis medley, which have been found in apparently
polymorphic populations (see chapter 8), we know they are all self-sterile.
As these plants belonged to populations which contained a seed-producing
safety-factor.in agamospermy, it is not surprising that self-fertility did .
not evolve.. Crosses made to determine whether self-fertility is under
simpie genetic contfol, and whether it is dominant or recessive have so

far failed to flower.

Sgrensen-and Gudjonsson (Sorensen 1958) have demonstrated a quite
different kind. of sexuaiity in Taraxacum (see chapter 8) in which certain'
monosomic triploids are capable of a limited sexuality. In several cases,
diploid sexuals arose from a cross onto such a monosomic. Through these

- plants, and with the diploid sexual species T.obtusilobum these workers
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carried out extensive hybridisation experiments inside the section
Vulgaria, using 11 species all told. From certain monosomics pollinated

by T.obtusilobum, offspring were obtained which were clearly of inter-

mediate appearance beiween the iwo parents. These were either near-diploid,
presumably caused by a reductional female meiosis, followed by fertilisation
" with haploid pollen, or about 2n=30, presumably through restitution followed
by fertilisation by haploid pollen grain. Restitution seems to have
occurred chiefly in the aberfant elegans (chromosome D missing, see

chapter 7, 8); while ab.tenuis (chromosome H missing) shows mostly near—
diploid offspring, presumably resulting from reduction. In both cases the
genetic conirol of brecodious embryo developmenf seems to be missing, but
with the loss of chromosome H, the loss of asynaptic control seems also

to have occurred. In both cases the monosomics and the resulting diplaid
offspring produce fertile hybrids with all agamospermic plants; at a high
rate in the diploid, which is entirely sexual; but £he polyploids are
usually agamospermic. In conclusion, it is safe to say that all reduced

egg-cells in T.obtusilobum, the monosomic sexuals, or F.I. diploids, are

capable of beiné fertilised by any pollen in these Vulgaria, énd thét the
performance, breeding behaviour and seed-set, whether of sexual or apomicts,
depends on thelamount of chrbmosomal inbalance displayed in the meiosis, and
on the chromosome complement of these plants.. Planfs of 2n=19, 20, 21, and
" probably some of én= 22 and 23 are uncertain in their perforﬁance. In my
experience 2n = 19, 20 and 21 plants probably never germinate.

I have made a large number of crosses onto sexual plants belonging to

12 species. In the‘case of the three self-fertile sexual species, it is
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only possible to say with certainty that hybridisation has occurred by
examination of the offspring of the cross. None of the offspring from

crosses onto T.serotinum, T.haussknechtii and T.bessarabicum are of a

sufficient age for this to be determined. 1In all other caseés the sexmal
15

species are entirely self-sterile, and it therefore simple to determine

A
whether hybrid seed has been set, in insect-free conditions. Unfortunately
there have been occasions when the greenhouse has been invaded by insects
aftef damage to the insect-proofing, or in very hot weathei, when it has.
beeﬁ necessary to leave the greenhouse door open for short periods.
Throughout crossing experiments, I have left a percentage of sexual heads
unpollinated as controls. In well over 90% of unpollinated heads (except
of course in thé self-fertile species) there has been no seed-set. In. about
8% there have been 1-3 seeds set. In these very low seed-sets, cross- -
pollinétion is thought to have been by thrips or aphids, both of which have
sometimes'been present, despite regular fumigation with nicotine. 1In
about 2% of the plants there has been a much higher seed-sei, iﬁ the order
of 20-40%, and in two instances as high as 60%. Larger insects such ;s
Diptera, Apis and Bombus have occasionally been found in the insect-proof -

house, and it is thought that in these cases ihese are responsible.

Neverileless, it is clear from these controls that repeatad
togeirner of plants Just afver anilbesis, et z stage wien the siizmas

are loaded with pollen, but have not yet started to recoil dack to achieve

automatic ‘self-pollination. It should be noted that the low figures of seed-
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set for crosses in all intra and interspecific crosses (table 27) is due $o
the fact that not all the flowers on a Taraxacum head mature toge{hef. In
the f?eld, successive visits by insects make complete fertilisation a
possibility. in the greenhouse, one cross is unlikely to fertilise more
th;n 70% of tﬁe stigmas, even in opiimal conditions. An average seed-set
€40% is usual in intraspecific crosses in table 27;-and it will be noticed
that the éqed—set in many interspecific cros;es in fact reach this level.
Although a2 large number of crosses have been made,-the hybrid seed
has been germinated and the breeding behaviour and fertility of the hybrid
tested in.only é few crosses. The results of these tests oﬁ the FIs are
presented in table 29. In addition, the results of a large number of
" crosses onto facuitatively_apomictic'triploids are presented in table 17 .
It is clear that some interspe¢ific hybridisation occurred in this

experiment! which was primarilj designed for another purpose.




Table 27. Seed-set in inter-specific crosses
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oidoiny | Male Parent Crosuss . | veontt”
T.stevenii T.viride 2n=16 3 30
T.polyodon 2n=16 1 0
T.brachyglossum 2n=24 1 0
T.stevenii 2 10
P.kotschyi T.austriacum x 1 20
- T.fontanum 2n=18
T.bessarabicum 2n=16
T.kotschyi
T.wallichii T.bessarabicum 2n=16 1 90
. T.viride T.stevenii 2n=16 2 70
T.succulenteum 2n=32 1 15
T.ﬁycnostictum 2n=32x 1 10
T.repletum 2n=32x 1 30
T.fontanum 2n=24 1 10
Tbrachyglossum 2n=24 3 13
T.polyodon 2n=16 2 50
T.polyodon 2n=24 1 25
T.duplidentifrons 2n=16 2 30
T.hamatum 2n=24 1 80
T.austriacum x .
T.succulenteum 2n=17 1 8
T.naevosum 2n=24 1 0
T.austriacum 2n=16 1 0
T.viride 2n=16 4 78
T.austriacum T.succulenteum 2n=32 5 T
' T.naevosum 2n=24x 1 2
T.fontanum 2n=24 2 50
T.duplidentifrons 2n=16 3 47
T.cimbricum [ 90

e i s e
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Table 27 (cont.)
Fe?zi:1§i§§nt Male Parent No. of ' Mean %‘
oL Crosses of seed-set

T.brachyglossum 2n=24 14 24

T.rubicundum 2n=24x 5
T.isophyllum 2n=24 2 3
T.isophyllum 2n=16 20 35
T.austriacum 2n=16 23 42
T,isophyllum T.kok-saghyz 2n=24 1 30
T.euryphyllum 2n=32% 0
T.fontanum 2n=24 1 60
T.pycnostictum 2n=32x 1 0
T.duplidentifrons 2n=16| 1 0
T.polyodon 2n=16 10 28
T.disseminatum 2n=24 1 90
T.rubicundum 2n=24 2 0
T.brachyglossum 2n=24 | 21 35
T.austriacum 2n=16 18 36
T.isophyllum 2n=24 10 13
T.isophyllum 2n=16 44 33
T.polyodon T.stevenii 2n=16 1 25
’ T.fontanum 2n=24 1 10
T.viride 2n=16 2 51-
T.litorale 2n=24" 1 10
T.brachyglossum 2n=24 1 50
T.isophyllum 2n=16 8 37
T.polyodon 2n=24 3 3
T.duplidentifrons|T.viride 2n=16 1 95
T.austriacum 2n=16 1 10
{T.isophyllum 2n=16 2 36

x pollen chiefly diad.
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Table 28. Total Seed-sets
Type of cross | Sample | Mean seed
size set, %
1. Diploid sexual x diploid sexual, all species 150 34.6%
2. Diploid séxual x triploid apomictic, all species 102 17.9%
3. Diploid sexual x diploid sexuzl, same species 13 40.7
4. Diploid sexual x triploid apomictic,same specjes 13 8.0
5. Diploid sexual x diploid sexual, different spécies 123 37.0
6. Diploid sexual x triploid apomictic, different
Spec%es 14 24.0
Diploid sexual x apomict producing mostly diad
pollen (low association) 14 7.0

marked with cross in table

All percentage differences in total seed-sets which show a significant

separation are listed below: (significance at p=0.05).

1.with 2,7.: The others are not .releavant

2 with 1,7.
"7 wi£h 1,2

3 with 4,6 -
4 with.3, 5, 6
5 with 4
.6 with 4.
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Table 29. Germination and performance of hybrids

Hybrid % Germin- | % Flowering [ Chromo- Apomictic
ation (7 months) |some Sexual
numbers
P.viride 2n=16 x
7. fontanum 2n=24 50 Wil 16, 17, 18
P,viride 2n=16 x
T.succulenteum 2n=32 - T0 2/9 18, 20 +
P, viride 2n=16 x )
T.stevenii 2n=16 100 8/8 16 Seed-
: ' set 10%
P,viride 2n=16 x '
p,polyodon 2n=24 50 1/9 17, 18 +
T.viride 2n=16 x
T.polyodon 2n=16 50 1/9 16 Seed-set
normal
T.viride 2n=16 x - ,
T.brachyglossum 2n=24 60 Nil 17, 18,20
T.polyodon 2n=16 x
T.igsophylium 2n=16 30 11/11 16 Seed~set
. 16-20%
T.polyodon 2n=16 x
T.litorale 2n=24 50 Nil 21, 23
P.serotinum 2n=16 x
T.bessarabicum 2n=16 70 Nil 16
T.austriacum 2n=16 x 2
T.fontanum 2n=24 80 4/6 17, 18, 19 Seed-sé&t (1 facul.
normal 1 total)
T.austriacum 2n=16 x
T.succulenteum 2n=32 100 17/17 16,18, 19| Seed-set
normal
T.eustriacum 2n=16 x . :
T.cimbricum (Apom. ) 100 19/19 16, 18,21| Seed-set 1 facul.
g normal
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It_is cléar that many more crosses between many more taxa are negeésary
" before a definitive.account of breeding barriers between sexualland between
sexual and apomictic species in the genus can be given. Nevertheless, if

is possible to draw several tentative conclusions from the data presenfed
above in tables 27~29. The ﬁost obvious conclusion is that no absolute
barriers to ferfilisation seem to exist in those iaxa that.crosses have

been made, and as these represent the full range of the evolutionary
diversity found in the genus (except perhaps the Laevia), this may be

true for the whole genus. An exception can be made for the numerous

. obligate agamospermic species which never bear pollen. There is no possibil-
ity.that they can cross with any species at all. Seed-development and
germination and development seem likewise to be unaffected by the cross.

_ Where slight fertilisation barriers may exist (as in T.austriacum and

T.vi;ide when pollinated by the rather distant T.succulenteum in the

Hacrocornuta) these are not absolute by any means. Absolute, or very

strong breeding barriers are only found when the pollen used is neariy
totally diad. This diad pollen, which can germinate readily (witness

the high polyploids found in Furnkranz's and Sorensen's work) seems to

be unable to pollinate many species. This is probably a mechanical failure
due to the large-size of the grain. It is too early io say that this may

< - e o oad

- . - -
any- sases it manifestly does uot.

form an ebsolutg barrier however, azs in mang

[7]

~ N
o~ -geemes S e .
~a T@USENLL WO 2

m

: S -5 Sunenn i " S
AS IU0 TO9 IUETI LN -

and T.polvodon, ounly one pollination each was managed. T.viride,which
formed fertile hybrids with T. stevenii is presumed to be equally advanced

and rather related to the other species, so no conclusions can be drawn. .




Chapter 10

CHARACTER INHERITANCE p

" In ;everal of the sexual species cultivated, characters have varied |
in a clear-cut manner betwéen individuals of a single family (siblings).
- As no intermediates have been detected in these cases, it is thought that
' these characters may be under the control of a single gene with a dominant
allele, and that the families grown have either been the result of a
heterozygote crossed onto a heterozygote (in which case the filial gener-—
ation would be expected to segregate.;n an approximately 3.1 ratio) or a -
heterozygpte back-crossed onto a recessive homozygote (with a resulting 1.1 i;if
ratio). As.these chargcters may conceivably be of value in future experi-

ments as marker genes, they are tabulated below_(table 30).

Table 30 |
Species Gene ) Ratio Dominant
T.serotinum Leaf entire E E9 -7 B
(Jasi; Roumania) | Leaf dissected e. e 5
T.stevenii _ Ligules striped red. L [L 3 ‘ -1
, Ligules striped grey 1 |12 )
T.isophyllum Ligules striped dark
puce p|r 4
Ligules striped grey P |P 13 P
Achenes purple AlA9 ey o
Achenes greyish aladg Ta (;:;;;;med
(f.achrzparpum) .
T.austriacum Ligules striped dark
puce p|p4 _
Ligules gtriped grey P| P 5
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"50 far only one cross has been made to verify some of the inferences

drawvn above. In this, & plant from a totally achrycarpous family of

'»,isophyllum was pollinated by a plant from a totally purple family

of T.isonhyllum (whiéh may still have been heterozygous howeverj. All the

11 offspring which have so far set seed are purple, thus'confirming the
dominance of A.
It is of interest to note that whereas the presence or absence of

leef Eissection iz T.serotiruzm and the achrr-czroum mutant in Sr-inlrcs-erms

rave Teen recefnissd Iin ize literature es rolymorrszismsof no taxenczic

importance, ligule siripes aré of taxonomic ;mpbrtance in the Irtarospgraa
and had not been recognised as being liable to intraspecific variation.

In most species in this section they may of course be constant for a
épecieé, especially in the apomicts which have less opportunity for
maintaining variation. .

The achrycarpum phenotype has also appeared in 7 out of § offspring

‘of a cross between sexual T.polyodon (Vulgaria, with brown achenes) and

a pﬁrple T.isophyllum from an all purple family that we must presﬁme was
heterozygous. As the results of this cross agree with the presumptive
parentage Aa (isophyllum) x aa, it seems that the Vulgaria, and indeed
perhaps all non-red or purple -fruited species.are homozygous for

the allels.

Another interesting occurrence appeared in a cross between two

families of T.isophyllum, in which 30% of the offspring were albino,

without any green pigmenis. These naturally failed to establish. It

would seem that both parents here were hetefozygous for albinism, and that
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_%—of the offspring were subsequently homozygous recessive, thus allowing the -
phenotype to appear. As.the sample was rather large (approximately 50
_seedlings) it is unlikely that the other possibility, £hat albinism is
dominant, and a point mutation had occurred in the germ-cell initials of
~one of the parents, would derive such a close segregation to the expected
3.1 of a heterozygote cross..
In the few intgrgpegific crosses which have been grown-to flowering, )
it is not poasiblé to trace the inheritance of all the characters, as we

can suppose that most species wéuld be homozygous for the important

taxonomic characters, and thus the " hybrid would only show which

characters are dominant. Where the hybrid possesses intermediate characters,

it is not possible to determine whether this is due to incomplete dominance,

or a polygenic effect. Where it has been possible to show that characters

are dom{nént, or intermediate in the hybrids, these are tabulated below

(table 31). o '

Hotes on table 31

Key to the numbers.

1. 559. T.austriacum x T.fontanum {
560. T.isophyllum x T.polyodon b
563. T.isophyllum x T.succulenteunm ' f

565. T.viride x T.succulenteum

566. T.stevenii x T.viride . ' !
569. T.viride x T.polyodon

571. T.viride x T.polyodon .

572. T.austriacum x T.cimbricum
2. There was very little segregation of characters among the hybrids,
suggesting that the species were mostly homozygous for the characters

noted. ' _ .
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In_563 and 572 the offspring were very nearly entirely maternal in
&li cha&acﬁers. The interpioid chromosoze numbers of the offspring,
and the high seed-set of the cross, together with the apomictic
behaviour of two individuals of 572, suggest that the cross vas

effective, and that outside pollination from another T.austrianum

individuzl was unlikely. It is possible that a rather compleie

pollination from iriploid Erythrosperma occurred through a. stray

" insect before I made the cross, or alternately, that most of ihe

Erythrosperma characters are dominant. The other possibilities of
spontaneous iriploidy and apomixis and, or self-fertilisation seem
un}ikely. In 559, 2 offspring were very weak, and of a maternal

appearance, while another 3 were more robust, and interaediate

. in appeararnce. One of ihese was apomictic. Only the last three are
pol J

definitely of hybrid origin and these only have been used in the table.
The origin of the weak plants and of 563, and 572 should be solved by
the rfsults of a number of F2 crosses that have been made. If the
plants are hybrid, characters should segregate in the F2.

All proven hybrids were very large, and most flowered rather sparingly.

.Some were of a very weak appearance and these are thought to be 2n=22

and 2n=23, having a triploid male parent. This has been proved in one
case (2n=22). All had a very infermediate appearance, the character
inheritance being as shown in the table. The gene inheritance is only
known for the achrycarpum genotiype, which is shown to control achene

pigmenf in the Vulgaria as well as the Erythrosverma. Not all plants

resﬁlting from the crosses onto T.austriacum may be hybrid.
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Dominance of characters in F1 hybrids

? Poly-

purple

_Hybrid' Character ' Complete ? Incomplete
(for key see dominance dominance genic
above)
560, 565, 566, Robust/slender Much more + ?
569, 571 - robust than
either parent
560, 565, 566, | Leaf length and _ Roughly twice + ?
569, 571 “breadth as long as thq
longest parent
565, 566 Leaf thick/thin Thick
566 ‘ Leaf bright green/| Bright
) dull green green
. 560, 566, 5%5 Zeaf gletrous/zziry Glabrous
565, 3&¢ Lezd e:fire/lotaiel + + 2
565 Leaf glaucous/green Green
560, 565, 566, | Fetiole purple/green +
5593 51
560, 566, 571 Petiole winged/ + +
559 unwinged
560, 559 Leaf-lobes many, " lany, narrow
_ narrou/few, broad :
566 Scapes glabrous/hairy Glabrous
566 Exterior bracts very Very marginate
marginate/not s0
560, 565, 559 Exterior bracts Tending to + ?
ovate/lanceolate lanceolate
560, 565, 566, Exterior bracts Recurved
599 erect/recurved
559, 560, 566 Exterior bracts Corniculate
corniculate/flat
560 Flowers many/few + +?
559, 560 Ligules broa@/narrow Broad
559, 560 Ligules striped grey/ Purple

o e n.
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Table 31 Eon.)
Hybrid Character Complete ? Incomplete | ? Poly-
’ dominance dominence genic
566 Achenes fusiform/ Fusiform
abruptly contracte
566, 559, 560 Achenes with long [ Long narrow
narrow cone/conicall cone
566 Rostrum short, thick/ Rather
long




Chapter 11

HYBRIDISATION IN WILD POPULATIONS

fhe only recorded instances of Taraxaca hybridising in the field are
given by Fﬁrnkranz, and are discussed in chapter 9. He descriﬁes plants '
wbich he belives to be hybrid in nature, and using the microspecies |
terminology, these would in fact be intersectional hybrids. It is extremely
unlikely that a taxonomist or an evolutionist would ﬁotice hybridisation in
Taraxacum unless 1) he knew sexual plants from the area and 2) the parents
were.of different sections. 1In these circumstances, it is relatively
easy to notice hybrids, even from herbarium specimens. I have recorded the

following hybrids from herbarium materizl:

Fezzle pezreat (sexzl, Mzle zzrant Couniry of origin

T. serotinum . Vulgaria sp. Roumania
" _ : Zrythrosperma sp. "

T.bessarabicum - Palustria sp. - Austria/Hungary
T.isophyllum - Vulgaria sp. Czechoslovakia

Vulgaria sp. T.anglicum Britain
T.brachyglossum . T.polyodon? "
T.subcyanolepis T.oxoniense "

I have not yet visited the population of Czechoslovakia and Austria
" in which sexual individuals seem to be so frequent, but according to
Fﬁnnkranz, hybrids are common, at least in Austria. As for Czechoslovakia,

one of 12 seed heads brought from Kovacover Kopce showed both diploid and

—
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triploid progeny from the same seed head, and thus must have been of a
sexual ancesiry of some kind (although whether from a diploid or triploid i

mother seems uncertain). These progeny were clearly T.isovhyllum x Vulgaria

sp. It caﬁ be expected that intersectional hybridisation may be frequent

—

S P

"at localities where T.isophyllum occurs, always supposing a plentiful

supply of Vulgaria-species, with which it seems perfectly interfertile.
In Britain, three species have been definitely.showh to have sexuality, |
although others may, and probably do fall into this category. Of the three L
I

sexual species, it seems unlikely that T.sustriacum is more than a

casual (chapter 8). The other iwo, T.subcyenoleris and T.drechyzlossum N

are both widespread species in grassland; the latter species at any rate P
being restricted to calcicole habitats. The former species belong to tne L

Vulgaria, the latter to the Erythrosperma. The diploid T.subcyanolenis ,

not separable from the triploids of the same species, nevertheless contrives

to appear unfortunately similar to the Scandinavian whollydiploid species

T.obtusilobum. It is possible that it is indeed T.obtusilobum, and is

specifically distinct from the triploid T.subcyanolepis which occurs with

it; or that it closely resembles T.obtusilobum, but is in fact T.subcyanole- ;:!

pis in a diploid form, or that T.obtusilobum is in fact an aggregate

name given to a number of diploid forms in Sweden, which may have belonged

to one or more species including T.subcyanolepis and T.cyanolepis. I .

subscribe somewhat to the last possibility, and so these.plénts will be -

known as T.subcyanolepis in this country, T.obtusilobum being, although

older, a nomen confusum.
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-Despite the fact that the diploids do not seem to be at a very high
percentage in any of the populations investigated, considerable intersectional
hybridisation seems to have occurred in some of the populations containing -

sexuals. The two sections Erythrosperma and Vulgaria are readily separated

on a large number of characters, and this is even more irue for the species

m,subcyanolepis and T.brachyglossum. Although these species were probably

providing most of the sexuals in the area, other species occurred in the g
a¥eas investigated, and some of .these doubtless acted as male parents.
Furthermore, for the scatter diagram technique that I wanted to employ,
- characters with a continuous variability were requisite. Consequently, i ‘
the following characters were used as the most representative pf inter-

sectional identity:

diameter of the scape, 1 cm. below the head, measured fully flattened;

diameter of the capltulum, when the florets stand, or are held horizont- i
ally; T

he longesi exterior bract which could be found tkhat was not

J-
»
;;ed Ty anoirter exrterior brecty, mezsured froxz ithe tip To iks

length of
o‘e*la

ucture with tZe sczrs, iz tze cexnirs.

Tris date was coliected froa 2 cinizum of 50 individuals froz sazch of
the 5 populations tabulated below in table 33. At the same time, heads
were collected from each plant in order thgt the nature of the pollen of a
plant with known characters might be determined. In addition, a minimum '
~numbgr of 50 seed samples were taken from each population, and a nﬁmber of
characters of intersectional importance listed for the seeds. .The populat-

ions were chosen especially, as they were all suspected or known to contain

sexual individuals. Sampling involved the subjective choice of an area, and
FJ - N 1
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"then walking in a straight line across it, picking a head from every

flowering individual encountered.

" Table 33. Populations sampled to investigate hybridisation in the field.

Sherburn Hill, Co. Durham. Short magnesian limestone grassland. This

was dominated by Sesleria caerulea, although Taraxaca mostly occurred

growiné in sheep—tracks dominated by Festuca sp.

Species present: T.subcyanolepis (Vulgaria).

T.oxoniense - (Erythrosperme).

Some T.lacistopohyllum away from the main populations, growing.on the

quarry face probébly does not participate in the hybridisation. It is '
a triploid with restitutional pollen.

Diploids, hyperdiploids andregular pollen have peen féund in T, .
subcyanolepis and hybri@s aj about 15% of total population sampled (perhaps
at 20-30% in the species?).

Hybridisation considerable. At least half the plants have hybpid-

characters (see diagram 13)

Thrisliington Plzniation, Cormnforir., Co. Iurhen. EKztitat as ztove.

Species present: T.colvodon (Tulszriz).

T.subcvanolevis Yulgzria)

T.oxoniense (Eryvthrospermz).

One piant with regular pollen was a hybrid, but it was noi tﬁought that
I.polyodon., the chief Vulgaria=species present, which, like T.oxoniense only

has slightly reductional pollen, was a parent. The Vulgaria parent might

have been T.subcyanolepis. No cytology. Hybridisation slight. Perhaps 10%

of the plants have hybrid characters.




Scatier dizgrams of copulations containing renresentatives of the
Vulgaria and Srytarosperma, in one of which (Seaton Carew on the left)
sexual plants have not been found, and in the other (Sherburn Hill,

on the right); sexual individuals occur. See chapter 9 for further

information.

- ——— - ———— ———
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" Table 33 (con.) @

Alnmouth, Northumberland. Grey dune system, dominated by Agrostis stolo-

nifera, but species-rich.
Species present: T.hamatum (Vulgaria)

T.brachyglossum (Erythrosperma)

T.brachyglossum from this station has reductional pollen. Regular

.or near regular pollen is found in about 10% of this species. T.hamatum has

mostly restitutional pollen, and is not suspected of sexuality. No cytology.

Very considerable hybridisation, with over 50% of the individuals

shéwing hybrid characteristics. This presumably occurred through poliinat-

ion of facultative and sexual T.brachyglossum with partially and totally

reductional pollen from T.hamatum.

Bamburgh Northumberland. A grey dune s&stem, similar to Alnmouth.

Species present: T.hamatum (Vulgaria)

T.brachyglossum (Erythrosperma).

Situation apparently very similar to that at Alnmouth, -15 miles to
the south. Regular pollen found in about 12% of T.brachyglossum, and the
remainder of this sﬁecies with reductional pollen. T.hamatum with
partially restitutional pollen.

Extensive hybridisation, with at least 40% individuals with .hybrid )
characteristics. T.oxoniense occurs in neighbouring dunes, but does

not participate.

B L R LR P
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Table 33 (con.)

Seaton Carew, Co. Durham,. Damp Festuca turf on sand, Agrostis stolonifera

turf on slightly saline mud, grey dune sysiem, dominated by Agrostis
stolonifera, yellow dune system with Ammophila, Elymus and Agronyron
junceiforme, all within a few yards, and all carrying a large Taraxacum

population.

- Zinc works end;

Species present: T.hamatum (Vulgaria)

T,spilophyllum (Vulgaria)
T.cordatum oom

T.cophocentrum "

T.brachyglossum (Erxjhrosgerma)
T.unguilobum (Spectabilia)
T.maculigerum n

The situation here was confused by the richness of the Taraxacum-~flora

which may have included still more species. The rare Scandinavian

Erythrosperma-species T.laetum, T.obscurans and T.scanicum are all

recorded from ithis very interesting locality, and it appears that

T.hibernicum and T.serratilobum are among the Spectabilia-species which are

also found here.

Heither T.unzuilobum or T.maculigerum have pollen, so we cah presuxze

tbhet ttese species wers pure~Tred.

T.brachyglossum showed wholly reductional pollen, or regular pollen. No
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evidence Br intersectional hytridisation was found (see dizagram 12, in

T.orachyglossuz and the Vulgaris-species).

wiickh sazpling was limited to

North Gare end.

About 3 mile to the north, in grey dunes, T.brachyglossum occurred

alone, well separated from the T.brachyglossum at the Zinc Vorks end. At

the North Gare, 21% of the plants had regular pollen, and the pollen of the
rest was reductional. One diploid, and three hyperdiploid plants were
found at this locality. WNo hybridisation was evident, presumably due to
fhe fact that only one species was present. .It is of interest that:

1) T.brachyglossum seemed to differ in meiotic behaviour, and thus in
breeding behaviour in two neighbouring localities.

2) The rathér short distance between the two populations (perhaps 500
metres between outliers of each) seemed sufficient to stop infiltration

of reductional genes into the zone of obligate apomicts, and also to

stop hybridisation occurring in either locality.

- Conclusions about investigations into hybrid populations in the field.

1) H&bridisation may occur between a reductional ovule and 2 reductional
pollén grain. The latter occur, at a low rate, in a greater range of
species than reductional (sexual) ovules.

_2) Whére sexuality is not known to occur, there is né evidence of
hybrldlsatlon, although no analyses have been made (hybrid pOpulatlons

are readlly spotted by eye).

3) All hybrids are seed-bearing. Sexuals, facultative apomicts, and

obligate apomicts have all been found in hybrids, with chromosome numbers
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' from 16 to 33, with 16, 17, 18, 22, 23, 24, 26, 28 predominatiné (see
chapters 8, 9).
4) Apart.from the flower characters used in hybrid analysis, all of which
seemed to be valid differentiae for the two sections for the species
involved,- the foilowing characters were also used as differeniiée.
These Eame'from the achene collections made from the localities
investigated:

Length of cone/length of achene.

© Width of achene/length of achene.

Achene colour.

Degree of -achene spinulation.

Length‘of rostrum/length of achene.
The first two cha;acters proved to be valuable for separating the sections
with the species used. The next two characters are also useful, but do not
vary continuously. Length of rostrum/length of achene proved of no value.
Tt would thus be perfectly possible to use achene characters for a hybrid
index, always supposing that floral and acheﬂe characters could be ohtaineé
for the same plant, which is not often possible in the field. Achene charac-
ters are less suitaﬁle fgr a scatter diagram, as the range of-variébility
is not very great in the first two characters. Attempts to correlate
achene characters with chromosome number on a scatter diagram in a hybrid
population, met with a conspicuous lack of success.
5) Sexuality is only known in this country from T.brachyglossum and -

T.subcyanolepis at present, but only a few populations from a small area

of the couniry are yet known. Regular and reductional pollen have been found




- 130 -

D>

_in.plants from a number of other areas, and other species may well be
sexual in Britain.

6) Although it is possible to determine the parent species without much
troublé_when intersectional hybridisation is occurring, this may be much
ﬁore difficult if the hybridisation is intrasectional. So.far there is no
evidence of intrasectional hybridisation, but a locality has yet to be
found where sexuals occur with other species of the same section. Such
localities doubtless exist, and intrasectional hybridisation mzy be of
frequeat occurrerce.

7 Hien intersectional nyoridisatioan occurs, up to 604 of the population
may not be readily assigned to one parent species or the other, and most

of these are rather intermediate in sectional characteristics. It is
possible that new species may ari;e through restitutional meioses and
obligate apomixis becoming fixed in a hybrid biotype with an evolutionarily
successful genotype. Iq fact, there is no evidence of partiéular inter—
‘mediates being very successful in the field as yet, and indeed it seems that
most hyﬁrids may be at an evolutionary disadvantage compared with the
parents. This is suggested by the apparently high rate of produciion of
hybrids, compared with the integrity of the parenial types, introgression
being absent. This suggests that the hybrids die out quickly, and for this
"reason d2 not backcross much, for théy are quite fertiie. It is clearly an
immediate disadvantage for a sexual plant to be in a position to hybridise,
and it may be that this problem has been solved many times in the past by
the successful establishment of an apomictic hybrid of evolutionary

potential. The reason that no such successful hybrids are found in the
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few populations whicﬁ still have sexuals, and still hybridise-extensively
to their own detriment, may be that they have not yet arisen, which is
why sexuals are still present! One must hope for the future of the genus
"that all facultative sexuality is not lost in this manner, for despite the
gréat adaptability of the obligate apomictg, they would not be suited to
weather a catastrophe such as the occasional radiation storms which

apparently are important in changing the biological face of the Earth.




Chapter 12
REVCLUTIONARY TREWDS IN TARAXACUM

In common witn the grest majority of plant material, it is noi pos-
- gible to usée direct (i.e. fossil) evidence in elucidating the evolutionary

histqry of Taraxacum. Nevertheless a great deal of indirect evidence

exists which is relevant to this subject, and with the important reservat— *

ign that it is impoésfblé to be certain whether our interpretation of
jhis evidence is correct, it is possible to make an educated guess as to
the more important evolutionary trends in Taraxacum.

In deciding the early history of Taraxacum, it is informative to
examine briefly the closest relatives outside the genus. In the tribe
Cichoriae there are a number of genera which bear a superficial resemblance

to Teraxacum. These include Xycelis, Lactucz, Cicerbita, Cichorium, Crepis,

Hieracium and Tragooogon, all genera with a Palearctic distribution,.and

the majority of which are rather successful. In addition, several pf

these genera share with Taraxacﬁm the ppOperty of agamospermy. Perhaps

the two clqsest widespread genera are Leontodon and Scorzonera, Burasiatic
genera with a centre of origin in the Middle-East. ﬁecently, a new genus, SO
far comprising two species has been found in Iran. This was discovered
during the preparatory work to Rechinger's 'Flora Iranica', and has been.
named Wendelboa after the discoverer. Hendelboa seems to be intermediate '

between Taraxacum and Scorzonera and is very close to Taraxacum sect.

Rhodotricha in many respects. It differs by a rugose pappus, and other

minor characters. Unfortunately, the chromosome number of Wendelboa is not
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Jyet known, but it is known to be sexual. It seems very likely that
Hendelbos and the Rhodotricha have evolved very little fronm the-éncient

stock which gave rise to the genera Taraxacum and Scorzoneraz.

As thé closest relatives of Taraxscum are sexual and diploid, it is
reasonable to assume that the first Taraxaca were also sexual and diploid.
Furthermore, it is unlikely that the very great diversity which has
evolved in Teraxacum could have arisen from chiefly apomicyic stoci. -It
is also reasonable to assume that the genus is monophyletic in origin.

- - rre— 1] E Ty b ] ———y - -
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gpecies shars a numter of diagnostic characters in common (see chapter 1).
It is possible to assume that all Taraxaca arose originally from one area,
as we shall see 1atgr in this chapter.

One of the most siriking aspects of the genus to the biosysﬁematist
is that in a genus which shows a very complicated relatiqnship iﬁ depth
between most taxa, a group of sections, very distinect from the rest of the
genus, ére the only Taraxaca to contain no apomidtic members. These
sections bear a number of characters in common. These are tabulated in
table 32 . PFurther, it will be noticed from this table that all these
sections except the Glacialia are limited to the Middle-East, and are
mostly found in Iran, Turkey, Afghanistan, Turkestan, Kadakhstan, the
Crimea and Georgia. It is in the centre of this area, in Iran, -that

Yendelboa is found. There seems very good grounds to suppose that these

sections are of 'a primitive nature; that they are very close to the original

representatives of the genus. The Serotina and Leptocephala are mostly

sexual sections which also occur in this erea, but also further west, iuto
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fﬁe i‘editerranean. These sections have a number of rather less primitive
characters, and furthermore they are self-fertile. They seem to represent
an early evolutignary advance in the genus. The Glacialia may be a

relict of a2 still earlier advance into the ilediterranean, when tie
primitive tyres were more widespread iaan they are iocday.
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country is mapped, as has been done in diagram 13, it is clear.that the
.centre_of diversity in the genus coincides with the area in which the
pfim}tive types occur, and also with the area in which the greatest portion
of sexual éections is known. This finding agrees with the age and area
hypothesis of Willis (1925) in the most elegant manner. Indeed, Taraxacum
would seem to'be one of the most convincing examples which can be .used in
suppoft of this hypothesis, which has come under considerable criticism.

The evolutionary trends which resulted in the more advanced, chiefly
apomigtic sections in Taraxacum are bound to have been of a complicéted
nature, as the genus as we know it today is a very complicated one. I have
summarised what I feel to have been likely evolutionary pathways in
diagram ‘14. I have discussed my views on the evolution of polyploidy
and apomixié in Taraxacum elsewhere (chapter 8), and theseé are clearly
relevant to the following discussion.

Lpart from the primitive sections, there is another obvious dis-
continuity in the genus. This is the section Laevia. This Arctic-Alpine’
section is found very sparingly in the high arctic (above the 70£h parallel)
and also ;n a few‘scaitered alpine sites in Europe; in Tierra del Fuego,

the Falkland Islands, Australia and New Zealand, and probably in various

v S——————— o
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Diagram 14.- Some hypothetical evolutionary pathways in Taraxacum.
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isolated sites in the Andes and Rockies. The very heterogenéous species

T.andinum, T.mexicanum, T.scopulorum and T.rupestre probably include some

" Laevia biotypes, although these names are at present used to cover all

montane Dandelions growing in various regions of America.- In this problem
at least, the Americans are very backward! The Laevia are very individual

in appearence, although not particularly primitive, as we understand

Taraxacum characters. There is one sexual species in Greenland, T.pumilum.

This.is a most remarkable place for a sexual species of Taraxacum to ococur.
Triploidy, tetraploidy and pentaploidy are also recorded in this section.
The inference is that this is a very early offshot of the genus, perhaps of

Tertiary origin. It is presumed to have migrated north in Asia, and then

" circum~boreally, and down the Asian and the American mountain chains, thus

accounting for its very remarkable discontinuity in the southern hemisphere,

which led Dahlstedit, without any other good reason to describe the southern
plants as a separate section, the Antarctica. I have included them with
the Arctica and the Glabra in Schischkin's section, adapted from Handel-
Mazzetti, the Laevia. Van Soest's section from Alpine Europe, the Pachera,
pose a difficult problem, as they are intermediate in many respects
between the Laevia and more advanced sections. Indeed, they may be of
hybrid origin. Nevertheless, they possess a sufficient number of ihe
remarkable characters of the Laevia to be included in this section.

It is probable that the immigration of the self-fertile species of
the Mediterranean also occurred before the first glaciation. There seems
to be little doubt that this was also a quite separate happening. The

main advance of Taraxacum, which gave rise to the bulk of the sections and
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.-species is thbught to be correlated with the glaciations. The rapidly

shifting open heabitats which the post-glacial aftermaths would'have created

seem to be an habitat in which the evolution of apomixis (a second time,
for most of the Laevia species are apomictic) might be of considerable
advantage. Handel-iazzetti (1907), van Soest (1958b) and others have

discussed very fully the possible ways in which apomicts might have taken

advantage of the glacial environments. It seems that sexual, facultatively'
apomictic and obligately apomictic plants, evolving rapidly in circumstances

‘of frequent genetic and geographic isolation, followed by remeeting would

quite possibly give rise to the very complicated relationship in depth of
a very large number of biotypes which is found today. It is clear that
in most cases the sections are 'natural' taxa, and fhey may represent the
main hybrid types, from which ségregation, recombination, and then later
in the obligate apomicts, somatic mutation, gave rise to a relatively

small number of successful biotypes, mostly obligate apomicts, which we

- find today. To have survived this time in the face of inter-and intra-

generic competition and to have lived through the very varied climatic
regimes which have occurred since leads us to suppose that these biotypes
have by‘virfue of their apomictic properties fixed ; very habitat—specific
éenotype} vhich miéht render them very good indicator species for phyto-
sociological and phytogeographic studies. Indeed, the Scandindvians

have frequently used biotypes in this genus with some success in these
fields; 'That the biotypes are of a very wide distribution in many cases,
and very constant both in morphological characteristics, and in ecological

requirements encourages us that these species are of age and value, and do
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. not, as it has been suggested (especially by Furnkranz 1966) arise anew

at the least prqvocatisn. It is clear that to a specialist, a hybfid is

never recqgnisable as another bistype. Most Taraxacum species now seem

very stable, even in the exceptional circumstancés described in chapter 8;

althouéh some hybridisation occurs, the hybrids are not very successfﬁl.'
It is worth examining rather more closely the signifiéance of

facultative agamospermy, both in the history of the genus, and at the

-present day. Vhereas most apomicts evolved an asynaptic meiosis, with total

restitution, at least in the female meiosis, and thus precluded the
possibility_of any panmixis for the sake of fixing an advantageous
genotype, it now seems that in a numbef of cases triploidy was not accom-
pénied by such a mutation, and that some reductional gametes are formed.
The evolutionary significance of this is considerable. It means that some
potential for gene exchange exists, and that the biotypes which possess
some sexuality are not dqomed to extinction after a major enQironmenﬁal
chénge. (Actually, I feel that the 'tragedy' of agamdspefmy has been
rather overplayed. Erom present distributions it is clear that most
agamospermic biotypes must haye survived a tremendous variety of environ-
mental conditions to be extant at the moment. No doubt the great plasti-~

"eity which has been part of the genetic requirements which have been fixed

in many sections, particularly the Vulgaria and Erythrosperma, has helped
these plants to survive many regimes, as has the great power of ithe genus
to spread before the wind in the shape of air-borne dissiminuleé.)
Nevertheless,.despite the possibilities of somatic mutation, emphasised by

Gustafsson (1935), the potential for change in a plant and thus the chance

T e
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that the genus will be'substantially different in}'say, 50,000 yeafs-

is greatly increased by tﬂe presence of facultative apomixis. If is of
the greatest interest to enquire how the facultative plants, which must
waste a greater proportion of reproductive material than the obligate
apomicts, manage to survive in competition with the apomicts. It may

be the phenomenon of heterosis, as I have heard suggested, as there is mme
evidence that the apomicts are rather heterozygous. There is no evidence
-té suggest that the obligate apomicts are less vigorous. We do not know
the aﬁswer to this proplem, but if I was asked to guess the reason, I .
would suggest that the cause is the very great habitat specificitj_of the
species. In most places, it is most unusual to find more than 2-3 species
occurring within pollinating range of one another, and these are usually
ébligate apomicts. In fact, I suspect-thai the facultative plants are not
often in competition with obligate apomicts, although we have seen in
chapter § ithat this does occur at times with considerable interspecific
gene-flow resulting. It would be of the greatest interest to investigate
whether there is a bias for facultative species to grow witﬁ facultative
species rather than obligate ones; or by jhemselves. It certainly seems
to be true that hybridisation is an uncommon phenomenon today. In the
past, perhaps especially in the late-glacial, it may have been very much
more frequent, before habitat types stabilised. *

If we examine the apomictic sections, we find that they divide iato

three broad categories: | -

1) Those'possessing a number of primitive characters (those possessed

by the sexual Asian sections in Table 14), resiricted io central Asia, with

R e




_139_

_.a number of sexual species. Ixamples: Lacrocorauta, Hashmirana, Tibetana,

mongolia, Zu-Srwvthrocarva, Scariosa (the last two also found in S, Burope-

apparently a well-worn migratory path).

2)' Those with no, or little sexuality recorded, and few primitive
charéctéristics, but with 2 very widespread, almost circumboresal distribution
- Example: Ceratonhora. (The Leevia, almost certainly an earlier advance

with very individual characteristics, have a very similar biological
sit?ation to this section).

‘3)  Those with litile or no sexuality recorded, and few primitive
characteristics, but with a local distribution, often on the Yestera, or

_Eastern sea-boards of ZEurasia. Ixamples: Yulgaria, Spectabilia, Pslusiria,

Brythrosperma, Sinensia, Calanthoidia and most of the rest. The most

advanced, youngest sections.

It is thought that group 1 evolved, perhaps coincidentally with
apohixis, in Asia-during the glaciations, and spread westwards and easi-
vards, perhaps during an interglacial, to situations in which they are
now sometime; found in isolated and apparently relict stations as far apart
as Poland and the Kuriles (both sexual species). Apomixis has evolvea
in all these groups, which clearly were the forerunners for groups 2 and 3,
vwhich are today much more successful. Perhaps at the same time, one of

these types, provably the Macrocornuta, gave rise to a very successful

- ’
group of obligaie apomicts adapted to Arctic conditions, whicn must have

overrun the Northern Hemisphere during an early interglacial {bui not this
one?). These are group 2, the Ceratophora, unsuccessful relicis in

Zuresia now, but very successful in Arctic America, where no later advance
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-has reached. They may have outcompeted the Laevia, an earlier advance,

which are now very scarce there. A few Spectabilia occur in 35.T. Greenland

in fact, but these are all Icelandic or Scandinavian species, &ad may be

there due to long distance dispersal, and, or introduction by-ﬁuman agency.
Group 3 arose, it is sugéested, from group 1. Some sections are very

widespread, the Erythrosoerma for instance which occurs from Iceland %o

Persia. GCthers are very localised, and some of these are undoubltedly of

a recent origin; the Poreigena for instance, confined to:Scandinavia, may

be the result of hybridisetion between the Vulgeria and Scecicbilia in situ.

Cthers may be much older. The Qrtovata, for example, may indeed have arisen

-from the second llediterranean advance of the inbreeding sexuals. They are

now restricted to the ¥Kestern iediterranean - an unique distributional

type, and may be even older than the widespread Erythrosperma which are

clearly a successful off-shot of the Eu-Erythrocarpa. It has alreadj been

" suggested that the Boreigena have a hybrid origin. Van Soest has suggested

that other sections may be of hybrid origin. The Spectabilie and Fontana,

for example, which he suggests may be the result of crossing tetween the

Vulgaria and the Palustria and Alpina respectively. In support, it must

be said that the latter three sections are much more widespread than the

former two, and thus may be older. But here we enter the realms of pure

speculation. In the post glacial melting-pot, mahy types of hybridisation
must have occuﬁéd between the young species, and it is-not very profitable
to try to trace the evolutionary paths more closely.

.This becomes even more true with the evolution of species. It did

occur to me to carry. out .one more simple test on the age and area
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-hypothesis. In chapter 4, it is related how the numerical taxonomy of

ihe larger apomictic sections revealed a relationship in depith, with

some species showing & much higher mean resemblance to species in the

same section than others. Those species with a higher mean coefficient

of similarity aré ordinated to the centre of these numerical taxénomies,
and those with a low mean resemblance gravitate to the outside. Reference
1o diagrams 1 and 2, showing oréinations of species in the Palustria and
Snectabilia illust?ate this point. It seemed to me that those épecies
‘with a high meén coefficient of similarity may be closer to tie root of .
the section than those with a low mean similarity, I envisage a theoretical
" model which way perhaps be best represented by a tree. A 'core' of species
arise from the ground, and as time goes on radiate fr;m this centre, the
tree-trunk, sdaptively, to form rather dissimilar species on the most
distant twigs. In the meantime the original species, little changed,
continue to ?rogréss up the centre of the iree, giving rise to more

" branches as it goes. I thought that the species which had evolved

furthest from the central trunk, those of low mean similarity, might bve
reasonably expected to be those which had become particularly adapted to a
very specific environmental regime. These species might be the youngest,
much younger than the relatively little unchanged central coré, and,

according to the Willis hypothesis, with a much more limited area than

fhose'species with a high similarity. In diagrams 1 and 2, the ordinations

for the Palustria and Spectabilia and also the ordination of +the Srythro-

C e e e -

carpa 8.1., vhich I do not presenit here for praciical reasons, I designated

a scale of 1-17 to indicate the distance from the centre of the ordination
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each species was placed. A reading was then recorded of the mean number
of countries that all species in each class on the scale occurred in these
three ordinations, and the class on this scale was plotted agains{ the
mean number of coqntries in which this class was found. This-;s shovm
on graph 5. It will be seen that there is a broad tendency for the number
of countries in which the class is found to decrease, the furiher from the
centre of the ordination the class is situated. In other words, the lower
the mean ;oefficient of similarity that a biotype-possess{ the less its
‘drea of distribution. If we assume that those species which are more
adrancid ardere dig
dissimilar are of a more »ecent—erigin, this result alee agrees with

Willis's age and area hypothesis.
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Graph 5. The number of countries in which species of the Spectabilia,
Palustria and Erythrocarpa s.1 occur, plotted against the distance

from the centre of 'ordinations at which they occur.
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Appendix 1

CYT'OLOGICAL TECHNIQUES

Rooj—tin squash for mitosis

In order to find a satisfactory method of examining somatic chromo-
somes in Taraxacum, the use of a numbe; of different techniqués was tried.
I wisked to ackieve the following results: |

good stzining of chromosozes;

good spreacding of cnromosomes;

avo?dance of overcontraction of metaphase chromosomes;

well emphasised chromosomal constrictions;

and a.satisfactory number of metaphase plates.

To stain the chromosome, I tried aceto-orcein, aceto-carmine, with
a mordant of ferric chloride, and Feulgen's stain:. The quality of the
staining using the first tﬁo reagents was very poor, but excellent resultis
were achieved with the use of Feulgen. The preliminary hydrolysis used in

this technique also enhanced the spreading of the chromosomes. With this

. technique, the chromosomes were not overcontracted, but chromosomal congrict-

ions were unfortunately not very evident. To attempt to increase the

clarity of the constrictions, various pretreatment techniques were

employed. It was also hoped that the use of these techniques would increase

the number of metaphase plates by damaging the spindle and thus delaying
the mitotic process at the metaphase stage. The following drugs were

tried at 20°C and at 1°C:
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Colcﬁicine_ 2 hours, 3 hours and 4 hours at 0.15%
a-bromonaphthalene oo saturated solution

"8-hydroxyquinoline 2 hours, 4 hours, 6 hours, 0.002 mol.aqueous
solution.

paradichlorbenzene 2 hours, 3 hours, 4 hours, saturafed solutién.

HMost of these methods were useless, with few or no metaphase plates .
being found, and those that were seen were of an inferior quality, often
showing highly distorted chromosom;s. It was not found possible to avoid
chromosomal fragmen%ation when using colchicine. Only the preparationsusing
paradichlorbenzene as a pretreatment showed any real promise. A% 2 hours
atl20°C (no cold treatﬁeﬂt éamples showed any division at all), the number of
metaphase plates found was high, perhaps 50% more than in roof—tips without
pretreatment. Murthermore the chromosomal constrictions are very clear when
paradichiorbenzene is used. Unfortuﬂately,-this drug seems to contract
Taraxacum chrom;somes, and this obscured,all differential length facto;s
(see photographs 37, 38). In conclusion, a satisfactory technique for the
study of chromosome morphology could not be found, and it appears tha% the
perusal.of many plates, after the manner of Gué&jonsson (Chapter 7) may be
the only practical method. .

It ‘was found that root-tlps fixed in the field, or from pots in which
the plant had been growing for over a month showed very little mitosis.
I discovered that the most convenient manner of obtaining rapidly dividing.
roots was to germinate .achenes on filter paper and excise the young radicles
8&56 hours after emergénce. Several satisfactory metaphase plates could

then be found in an average preparation, and upwards of 10% of the S
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merisfematic cells could be found in division. The time of day of

fixation did not appear to be important. The dpéwbacks in this technique

were:

chromosome counts were obtained from abnormal individuals which
would not reach maturity;

excising the-radicle killed the plant so that the development and
beﬁévioué of the plant examined could not bé followed.

In fact chromosomal abnormalities were not found to be very frequent
(chapter 6)%and the counts obtained by this method were probably fairly
representative. 1In breeding.experiments it was- often found to be necessary
to know the karyotype of.an individual, and this was achieved by the
following means: repot the individual in a plastic pot filled with John
Innes compost No. 3, and maintain a high water level by submeréing the
pot:in water to a depth just at soil level. Place in a heaﬁed and
lighted greenhouse and excise the roots in 14-21 days. This technique is
speciélly effective if the plant had previously been growing outsidé as a
small semi-dormant rosette, as is found in winter -or late summer. Good
numpers of dividing cells can usually be found.

A schedule for the cytological technique used follows:

. 1. Fix in a 3.1 mixture of absolute ethanol and glacial acetic-acid
for,24 hours. If kept longer than a week, place in a deep-freeze.
Examine within 2 ﬁonths.

2. Hydrolyse in N/10 HC1 for 7-8 minutes at 60°C.

3. Stain in Feulgen's stain for 1-2 hours (see below for-a recipe for

the stain).
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4. Excise the stained tip of the radicle onto an alcohol-cleaned slide,
ahd mount a cover-slip over aceto-carmine.

5 ' Tap the cover-slip to separate cells, squash with thumb under filter-
paper, and then tap §igorously over the filter-paper with the handle
of a dissecting needle.

6. Examine under a microscope, and tap further if cells not completely
fiaftened.

T. - Afteriexamination under the x 100 microscope oﬁjectiye, including
'count;ng, drawing and photography of suitable plaﬁes, place slide,
cover-slip uppermost, on solid €02 (proprietry name Cardice).

8.. Leave slide on the dry ice for a minimum of 2 minutes, then remove,
and lever off cover-slip with the edge of a safety razor-blade.

9. Place slide in 3.1 acetic-alcohol for 5 minutes.

10. DMount new cover-slip over 'Euparal'. Leave to harden for 48 hours.

Coordina¢és, counts_add the reference number w;re attached &o the pérmanénj

slide so created. For results of these preparations, of which about 1000

were_méde, see appendix 4.

All microphotographs, including all those in this thesis were made

with a Leitz 'Orthomat', with automatic attachment, using 'Microneg.Pan'
film, A.S.A. speed G. All photographs of chromosomes were taken using
the x100 oil-immersion objective. Other photographs in the thesis were

taken with an Exacta I1I.
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ExaminatYon of pollen mother cells for meiosis

A number of fluids were again tried as possible agents for the
staining of the meiotic chromosomes of Taraxacum. Some success was obtained
with aceto-orcein, aceto—carmine mordanted with ferric chloride, and with
Feulgen. The staining was much clearer using Feulgen in the qajority of
cases,, and this was generally used. Examination of tetraideveIOpmeht and
pollen size and contents was made with aceto—carmine, mordanted with ferric

chloride. This is quite adequate for this purpose, and is much quicker

than the Feulgen technique. The schedule used for male meiotic preparations |

follows:’

1. Excise buds when about 5 mm. high. Squeeze bud with fingers to allow

penetration of the fixative.

2. Fix in 3.1 acetic-alcohol (as for root-tips, see above).

3. Hydrolyse in n/10 HCl for 7-8 minutes at 60°¢C (aé.for root-tips).

4. Stain in Feulgen's solution (for-method of preparation, see above).
5. Excise 2-3 florets, and macerate in aceto-carmine. Remove excess
debris, and squash under cover—slip with filter paper onto alcohol-cleaned
slide.

6. Examine under microscope. If no meiotic stages are present, it is .

unlikely to be profitable to continue to investigate that particular bud,

as all the florets in the bud perform male meiosis simultaneously.

Embryology

Two embryologicél stages were of particular inteérest to me (sece

Chapter 5). These were female meiosis, and the early stage of embryo

development. Valentine and Maxwell (1966), working in the same departmeht




were using a new embryological technique in Primula, which involves soften-
ining of the cell wall by dissolving the calcium pectate of the midqle
‘lamella with a pectinase solution, thus allowing the tissues to be readily
dissected with 2 mounted needle. The object of this technique is to bypass
the tedious processes involved in paraffin wax sectioning. Furthermore, the
technrque'ﬁay be superior to sectioning for some purposes, as whole organs
(such ;s the embryo and endosperm) can be examined, and accurate cell

counts made. It seemed that this technigque might be-suitable for embryo-
1ogical examination in Taraxacum, and indeed a slightly modifiéd method
proved sa%isfactory for discovering whether embryos had formed precociously

in the ovule of Taraxacum. The schedule for this technique follows:

1. Fix heads in 3.1 acetic-alcahol, squeezing the buds to allow
penetration of the fixative. Female meiosis occurs wﬁen the bud is 9-10 mm.
high. For examination of precocious embryos, fix about 24 hours before
anthesis.

2.' Digest buds in a saturated solution of pectinase in waxér, with dbout
%-volume.of N/10 HCl at room temprature for 24 hours.

3. Stain the heads in Feulgen's solution (see above) for 3-4 hours.

4. Dissect out ovules Qith the aid of entomological needles mounted in
glass, under a disseéting microscope..

5. Hount under water, and examine under a microscope. Slight pressure on

the cover-slip may often split the ovule to reveal the embryo-sac.

6. To make the preparation permanent, remove cover-slip, and dry slide on a .

warm surface (a radiator was used) for 24 hours. Pass slide through 3.1
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.acetic—alcohol (3 minutes) and mount a cover-slip over Egparal. Examples
of the results of this technique may be found in photographs 5 and ‘9. -

It was found that earlier embryological stages could only be properly
examinedihrougﬁ the use of péraffin wax sections. A rather standard tech-
nique was used with considerable success, and a rather small amount of
wprk‘using this technique provided excellent examples of most of ithe stages
of embryo-sac development, including female meiosis (see photographs
4y 6, T, 8). It will be of great value to use this technique much
more in subsequent work (see chapter 5). A schedule follows:
1. I'ix heads as for the dissection technique.-
2. Place heads in absolute alcohol (8 hours).
3. Place heads in 1.1 absolute alcohol/chloroform (2 liours). |
4. Incubate heads at 30°C for 2 days in chloroform, ané increasing
amount of paraffin wax.
5. Incubate heads for 5 hours at 60°C in 2 parts wax to one part.
chloroform. .
6. Immerse heads in mélted paraffin. Cool.
T | Cut wai_blocks contain;ng heads to rough cubes, and mount on the
microtomé,“having expgsed the region to be sectioned with a pen-knife.
8. -If the sections are unsatisfactory, wet blade and wax.
9. Place sections shiny side down on a wet slide.
. 10. Dry the slide on a warm surface for 24 hours.
11. Run the slide through the following fluids in staining jars:

xylol (5 minutes); absolute alcohol (2 minutes); 50% ethanol (5 minutes)

N/10 HC1 at 60°C (6 minutes); Feulgen's stain (2 hours); water (1 minute
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45% acetic acid (5 minutes) and 3.1 acetic-alcohol (5 minutes).

Hount in Euparal.

Preparatioh of the Feulgen stain

1.

2.

3.

Technicue employed in the colchicine induction of bolynloidy in Taraxacum

Pour 400 ccs. of boiling distilled water over 2 gms. of basic fuéﬁsin.

‘Pilter the solution.

Add 30 ccs of N/10 HC1, 15 gms. of sodium metabisulphate, and a quantity

of decolourising carbon to the solution in a stoppered botie.

-Shake'the mixture vigourously, allowing the'502 %o'escape. ¥hen the

bubbles in the black mixture lose their violet tinge, filter.
Store the resulting colourless solution of basic fuchsin in 802 water
in a'tightly stoppered bottle in a dark, cool room, preferably a

cold~room. It does not mind being frozen.

1.

method (Q.V.) the chromosome number of the seedlings.

2.

keeping a number as controls.

3.
4.

discernable to the naked eye, apply two drops of a 0.2% solution of
colchicine to the apical bud, allowing the drop of liquid to rest between . !
the cotyledons, and to dry in this position. Repeat 3 times ai 2 hourly

intervals on two successive days. Do not water in the interim.

5.

Pransplant the seedlings to soil trays (see Chapter 3).

‘The manner by which the surviving seedlings can be examined for

Germinate some achenes, and determine through the root-tip squash '

If the seedlings prove to be diploid, treat the majority as below,

When the cotyledors have opened out, and the apical bud is just barely l
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tetraploidy is described in chapter 8.

References:
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. Appendix 2
SPECIES MENTIONED IN THE

Genera: Antennaria Gaértn.
| Cardamine L.
Cicerbita Wallr.
Cichorium L.
Crepis L.

; Festuca L.
Hieracium L.
Lactuca L.
Leontodon L.
Mycélis.Cass.
Poa L.
Scorzonera L.
Taraxacum Weber.
Tragapogon L.

Wendelboa Rechinger.

Taraxacum Weber
Section: Species:
Alpestria vS 1966a. graiense vS1961a
aestivum vS 1959

rufocarpum vS8 1959

TEXT

Species: Agrostis.stolonifera L.

Festuca ovina L.

Poterium sanguisorba L.




Sectioh:

Alpina Hgl. 1950

Boreigena Hgl.in Hgl. and

Calanthoidia Dt. 1926b.
Ceratophora Dt. 1928

_153_

Svecies:

apenninum (Ten.) DC em.vS 1959
carinthiacum vS 1959
helveticum vS 1959

kalbfussii HM 1923

oreophilum Hgl. 1950

. panalpinum vS 1959

parsennense vS 1959
pseudofontanum vS 1959

vernelense v3 1959

vereinse vS 1959

Lil. 1941

cochleatum Dt et Lindb.in Dt. 1912
macrocentrum Dt. 1912

alpicolum Kitam, 1933
arctogenum ?
brachyceras Dt. 1906b
cornutum Dt. 1906b
deliviosum Hgl.?
ecorniculatum Hgl.?
gallicum vS 1961a
hjeltii Dt. 1912
nultenii Dt. 1926a.
lacerum Greene 1901
lactucaceum Dt. 1928
macilentum Dt. 1906a
malteanum Dt. Hgl. 1943
krattlii vS 1959
norvegicum Dt. 1906a
perlatescens Dt. 1926a
platyceras Di. 1926a
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Section: Species:
Ceratophora Dt. (con.) pseudonorvegicum Dt. in Hgl. 1943
' russeolum Dt. in Hgl. 1943
shikotananse Kitam. 1933 '
simulum Brenn. 1907, em. Dt. 1930
tornense Fries 1908
umbrinum Dt. in Hgl. 1943

\

_Coronata HM 1907

Cucul;ata vS 1959 . cucullatum Dt. 1907a
tiriolense Dt. 1907a

Dissecta vS 1966a

Erythrosperma Dt.em.Lindb. 1946

' " agaurum vS 1956a

argutum Dt. 1929b
austriacum vS 1966b
brachyglossum Dt. 1921b
disseminatum Hgl. 1947
dissimile Dt. 1911
dunense vS 1956a
falcatum Breann. 1907
friesii Dt. 1921b
fulviforme Dt. 1923b
fulvum Raunk. 1906
isophyllum Hgl. 1938¢c °
isthmicola Lindb. 1908
lacistophyllum Dt. in Raunk. 1906
oxoniense Dt. 19230
parnassicum Dt. 1929a
proximiforme vS in vS and Lamb. 1962
pseudolacistophyllum 1926b
ruberulum Dt. and Borgv. 1932
rubicundum Dt. in Raunk. 1906
silesiacum Dt. in Hgl. 1938¢

I T S



Section:
Erythrosperma (con.)

Bu-Erythrocarpa Dt. 1929

Fontana v§ 1959

Glacialia HM 1907
Kashmirana vS 1963
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Species:
simile Raunk. 1906

sqamulosum vS 1957a
stenospermum Sennen 1925 (vS 1954a)
taeniatum Hgl. 1942. -
tanylobum Dt. 1933

tenuilobum Dt. 1909

tortilobum Florstr. 1914
amborum Hgl. 1932 _
breviscapum AJR.n.sp.
fedtschenkoi HM 1907

pieninicum Pawl. 1924
pseudocalocephalum vS 1960
spinulosum vS 1960

aurantellum vS 1959

corsicum vS 1959

fontanicolum vS 1959
fontanosquameum vS 1959
fontanum HM 1907

peralatum vS 1959

gilvicolum vS 1959

viride AJR,n.sp.

dentisquameum AJR.n.sp.
fulvobrunneum vS 1963
gulmargense vS 1963
vulpinum vS 1963

Laevia (HM) Schischk.em.AJR andinum Dt. 1907d

(inc.Antarctica HM 1907,

arcticum (Triv.) Dt. 1905

Pachera vS 1954, Glabra Dt.1928) dovrense Dt. 1928

glabrum DC 1838
handelii Murr 1904
nevadense Lindb. 1932




Section:

Laevia (con.)

Leptocephala vS 1954c
Leucantha vS 1963
Macrocornuta vS 1960

Mongolica Dt. 1926b

Obliqua Dt. 1921b
Obovata vS 1954a
Oligantha vS 1963
Orientalia HM 1923
Palustria Dt. 1928
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Species:

litanderi vS 1957a |

pacheri Schultz 1838

phymatocarpum Vahl. in Hornem. 1840
pumilum Dt. 1905b '
reichenbachii Huter in Murr 1901
rupestre Greene 1901

scopulorum Rydb. 1901

bessarabicum (Hornem) HM 1907
leucanthum Ledeb. 1844

bicorne Dt. 1905b

brevicorniculatum V. Korol. 1940 (see Kom. 1964}
kok-saghyz Rodin 1933 (see Krotov. 1945)
microspermum Schischk 1937 (see Kom. 1964)
monochlamydemeum HM 1907 em. Hgl. 1938b
multiscaposum Schischk. 1937 (see Kom. 1964)
neolobulatum vS 1960

walichii DC 1838

mongolicum HM 1907

platycarpum Dt. 1907a

obliquum (Fried) Dt. 1905

obovatum DC 1838

oliganthum HM 1907

stevenii (Sprengel 1826) DC 1838 em. HM 1907
albanicum vS 1965a o

alsaticum vS 1965a

apiculatum vS 1965a

austriniforme AJR n.sp.

austrinum Hgl. 1946a

balticum Dt. 1905

bavaricum vS 1965a

brachysquameum vS 1965a

carniolicum vS 1965a

e - vmm—— e —n =



Sections

Palustria (con)

Parvula vS 1963
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Svecies:

ciliare vS§ 1965a
crassiceps Hgl. in vS 1965a
crocodes Dt. 1907
decolorans Dt. 1925
delanghii vS 1965a
divulsifolium vS 1965a
dolomiticum vS 1965a
egregrium Markl. 1938
frisicum vS 1956a
fuornense vS 1965a
gelricum vS 1965a
germanicum vS 1965a
heleonastes Hgl. 1950
hoedicense vS 1§65a
hollandicum vS 1942
huterianum vS 1965a
illyricum vS 1965a
limnanthes Hgl. 1946a
lividum Petermann 1849
murbeckianum Hgl. 1939
neo-allenii vS 1965a
olivaceum vS 1965a
pollichii vS 1965a
suecicum Hgl. 1942
tenuifolium (Hoppe) Koch 1840

" turfosun (Schultz-Bip.) vS 1961a

vestrogothicum Dt. 19100

Porphyrantha (Schischk.) AJR

Rhodocarpa vS 1954c

porphyranthum Boiss. 1875
(rhodocarpum Dt. 1907a = schroeterianum)
schroeterianum HM 1905

—
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Section:

Rhodotricha HM 1907
Scariosa HM 1907 em.Dt. 1929a

Serotina vS 1954a

Sinensia vS 1963

Spuria DC 1838

Pibetana vS 1963
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Svecies:
kotschyi vS 1966a

aleppicum Dt. 1929a

.apollonis Dt. 1929a

bithynicum DC 1839

cyprium Lindb. 1946

delphicum Dt. 1929a

graecum Dt. 1929a

hellenicum Dt. 1929a

hybernum Stevens 1856
megalorrhizon (Forsk) HM 1907
merinoi vS 1954b

minimum CGuss. em. Dt. 1929a
scolopendrinum Dt. 1929a
haussknechtii Uechtr. in Haussk., 1895
pyropappum Boiss. et Reuter 1842
serotinum Poiret in Lamarck, 1816
bicolor (Turcz. )De 1838

vepallidum Hgl.?

montanum (Meyer) DC 1838

syriacum HM 1906

mitalii vS 1963

sikkimense HM 1907

PR v LRy vep L

—




Section Spectabilia Di. 19302
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(incl. sub-sections Crocea (M.P.Ch) AJR, Naevosa (M.P.Ch) AJR, Eu-
Spectabilia (M.P.Ch) AJR and Norstedtia AJR)

acidodontum Dt. 1928
adpressum Dt. 1912
akransense M.P, Ch. 1942
atroplumbeum Dt. 1923a.
britannicum Dt. 1926¢
caledonicum AJR n.sp.
calanthum Dt. 1930
cimbricum Di. in Raunk. 1934
'craspedotum Dt. 1923a
croceum Dt 1905a
cymbifolium Lindb. in Dt. 1930b
euryphyllum Dt. 1918
eximium Dt. 1912
faeroense Dt. 1923a
firmum Dt. 1912

. fulvicarpum Dt. 1927
hibernicum -Hgl, 1935a
hilare Dt. 1923a
hygrophilum vS 1956a
kolaense Lindb. 1926
landmarkii Dt. 1923a
larssonii Dt. 1912
leptolepis M.P.Ch. 1942
leyroi v3 1954b
.maculigerum Lindb. 1908
medioximum Dt. 1912
naevosifofme Dt. 1912
naevosum Dt 1908
norstedtii Dt. 1911
obtusatum Dt. 1912

polium Dt. 1911

praestans Lindb. 1908
pseudo-rorstedtii AJR n.sp;
purpuridens Dt. 1912
pycnostictum M.P.Ch. 1942
repletum Dt. 1912
rhodolepis Dt. 1911
rhodoneuron Dt. 1912
rubiginosum Dt. 1912
sagittifolium Dt. 1912
scotolepis Dt. 1912
selenophorum M.P.Ch. 1942
serratilobum Dt. 1927
shetlandicum Dt. 1927
spectabile Dt. 1905a

-strictophyllum Dt. 1912

unguilobiforme Dt. 193301
unguilobum Dt. 1912




. e

- 160 -

‘Section Vulgaria (inc. section Subvulgaria M.P.Ch. 1942) Dt. 1918

acutanguluﬁ Markl. 1925
bracteatum Dt. 1925
cordatum Palmgren 1910b
crispulum Hgl. i934
icroceiflorum Dt. 1910a
cyanolepis Dt. 1911b
dahlstedtii Lindb. 1908
dentilobum vS 1954b
duplidentifrons Dt. 1929
~duplidens Lindb. 1908
ekmanii Dt. 1911
fasciatum Dt 1906b
flavescens Hagl. 1943a
‘haematopus Lindb. 1908
" hamiferum Dt. 1928b
helianthum vS 1963
hamatum Raunk 1906
involucratum Dt. 1910
klingstedtii Sonck. 1964
laciniosifrons Dt. 1935
latissimum Palmgren 1910}
litorale Raunk. 1906
interruptum Dt.
lasticolor Dt. 1906b
longisquameum Lindb. 1908
melanthoides Di. 1935
microcarpum' Lindb. 1932

mimalum Dt. in Lindb. 1908
multifidum Hgl. 1934
obtusilobum Dt. in Hgl. 1935
oreinicolum vS 1966b
parvuliceps Lindb. 1909
patens Dt. 1905a
pectinatiforme Lindb. 1908
plicatum Dt. 1933

polyodon Dt. 1910a
pseudohamatum Dt. 1931
retroflexum Lindb. 1909
rhaeticum vS 1959

sellandii Dt. 1923a
semiprivum Dt. 1928b
specibsum Raunk 1906
subcyanolepis M.P.Ch. in Raunk. 1934
sublaeticolor Dt. 1925
stenoschistum Dt. 1910a

Incertae sedis:

laevigatum (Willd) DC 1813
lanceolatum ?

mexicanum DC 1838

nigricans Reichenbach, 1830
officinale Roth. 1793
palustre Dt. 1905

robustum ?

samielssonni Di.?

scaturginosum ?

I also possess a full list of Taraxacum-species with theirreferences. The

bulk and subsequent cost of publishing this seemed to off-get the need for

such a list in this thesis (there are over 2000 names listed). Such a

document is of gfeat value however, and I hope it can be published at a

future stage.
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Aooendix D)

PxiSCxAL CERCULOS0:E COUNTS Il TARAXACUL!

The numbers quoted in brackeis after the.species'names are my
reference numbers, and are included for my oﬁn convenience;

The date of oollection of achenes, the locality in which they were
" collected, the nature of the localiiy, and the collector are given as far
as is possible; |

Vhere material was collected as a living plant, this is indicated
b& the words 'as root'. All other.ma%erial was sbtained as éeed, germin-
ated as described in chapier 2, and the chromosomes counted as described
in apfendix 2;

Numbers followed by S, refers to the number . of chfomosémes bearing
satellites observed; numbers followed by B, likewise refers to the number
of supernumerary chromosomes observed.

Altogether 168 counts in 3 species belonging to 19 sections are
recorded. The 100 or so chromosome counts from Durham populations, the
results of which are outlined in chapter 6 are not includeé, as most of
the plants have not yet flowered.

- Chroﬁosome counts have only been recorded where the material has been
grown to flowering in the greenhouses at Durham and the herbarium material
made from these plants has been verified by Prof. van Soest of %he Hague.
All voucher specimens have been deposited in the hgrbarium of Oxford
University.

A standard requirement of all counts is that at least 2 readily




analysable metaphase plates from at least 2 seedlings shall have been

axumined o esch recorded count.

Section Thodotricha

T.lotschyii (548) 2n=16 + 0

-Section Oligantha

T.oliganthum (549) 2n=16 + 0

" Section Orientalia
T.stevenii (91) 2n=16 + 0

Section Serotina

T.serotinum (107) 2n=16+ 0
(145) 2n=16 + 0
(189) 2n=16 + 0

(438) 2n=16 + 0O

T.haussknechtii (545)
2n= 16+ 0

Section Lepntocephala

- T.bessarabicum (G2) 2n=16,n=8

(437)2n=16 + 0
n=8

Shibilake, Ajerbuijaa, Iran,

R.H.S. 1966 (P.F.9086)

Elburz its., Iran, R.H.S. 1966
(P.F. 9054)

Ex. Botanical gardens, Moscow, 1965

Source unknown' 1665

Ex.Roumania 1964

Ex. Jasi Botanical Garden, Roumania,
1965. '

Ex. Bucharest Botanical Garden,
Roumania 1965 :

North of Ezerum, Iran, R.H.S. 1966
(P.F. 9161)

Ex Botanical Garden, St. Andrews, 1964
(as T.bicorne!!

Somenesi, Roumania (ex. Bot. Carden,

Cluj) 1965

T.nigricornis (516) 2n=24 + )S, 25 Amongst irrigated poplars, Bamian,

Section Leucantha

T.leucanthum (616 2n= 16 + O

Afghanistan, R.H.S. 1566. (no ref.)

Wet slopes, 50k. Eof Agri., E.
Turkey (1500m), (T.501) P.Crisp,
1-9-1966.
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Section Snuria

T.montanum (546) 2n=40 + 0
(547) 2n=40 + 0
T.syriacum (617) 2n=48 + 0
Section Scariosa
Morags
T tithrnicum (621) 2n=16 + O
Section :zcrocornuta
. T.kok-sachvz (G0) 21=32
{93) 2n=24
{104) 2n=24
(125) 2n=25

7,.succulenteum (186)2n=32 + 0

T.neo-lobulatum (510) 2n=24 + 25

T.monochlamydemeum (512)2n=24+1B

T.wallichii (515) 2n=16 + 0

Section Kashmirana

Ab Ali Elburz, Iran, R.H.S. 1966
(P.7. 9077)

Kapi Dagi iits., llarmora, Turkey,
R.H.S. 1966 (P.F. §874)

Erzincon-Pulumer pass, E-C. Turkey
6000'. P. Crisp, 2-9-1966 (T.226a

25:4.YW. Skopje, Yugoslavia, P.Clrisp,

17-966 (T.240).

BEx. lioscow, 1965 (3Botaniczl Garden)
'Switzerland' 1665

Ex. Bucherest Boianical Garden, 1905

. Berlin Botanical uarden 1965

W=

hd o

EEI

Alrout, Iiorocco, sandy fields, A.F.
Hamilton 4~4-1965
Hajigac Pass, Koh-i~Zaba, Afgnanistan
R.H.S. 1966 (€491)
¥ishm, Badaksten, Afghanistan, 3000'
R.H.S. 1966.
Bord-i-Amer, Hinu Kush, Afghanistan,
R.H.S. 1966 (P.F. 8416)

T.dentisquameum (508) 2n_32 + 28 Hajigac Pass, Koh—l-BabaS Afghanisian

T.gulmargense (539) 2n=24 + 28,

Section Eu—Eryfhrocarna

T.breviscapum (511) 2n=24 + 1B

1B

R.H.S. 1966 (P.F. 8533
Kashmir, J.L. van Soest, 21-7-1964

Paglman, 15M ¥.W. Kabul, afghanistan,
0200" I3 -ﬂ-s. 1906

T.pseudocalocephalum (514) 20=32+0S Hajigac Pass, Koh-i-Daba,

Afghanistan, R.H.S. 1966

T.fedtschenkoi (517) 2n=24+ 0-1S Paghman, 15M NW Kabul, ifghanistan,

8000', R.H. S. 1966
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Photograph 39. A root-tip squush of an Asian diploid species, T.wallichi
2n=16. Notice the two large chromosomes shared by many of the primitive

sections, possibly due to a translocatiom.
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Section Ceratophora

2n=24 + 38

T,cornutum (428)
(599) 2n=24 + 0-18
~ L.bicorne (534) 2n=24 + 28
éection Yontana
é.fontanum (89) 2n=24
T.viride (136) 2n=16
2n=1é.

T.viride (137)

Section Palustria

T.austriniforme (Wicken 1)2n=32

T.ausirinum (483). 2n=23 + 1B
T.balticum (597) 2n=32 + 0
T.crocodes (433) 2n=40 + 0
T.egregrium (430) 2n=32 + 48
(595) 2n=32 + 0

T.limnanthes (602) 2n=40 + 0
T.murbeckianum (518) 2n=32 + 25

Section Svectabilia

T.akranesense (551) 2n=32 + 0,2S;
0, 1B :
T.caledonicum (500,1) 2n=40 + OS

T.euryphyllum (193) 2n<32
(452) 2n=32 + 15

(490) 2n=32 + 18

Opdal, -Norway, Ex. Boi. Gard. Uppsala,
Sweden, 1965

'Ex Uppsala' (definitely not from
Gotland as stated) 1966

Ex Bot. Gard. Leiden (J.L.vanSoest
misit), 1966, Origin unknown

Ex. Bot. Gard. lMoscow, 1964
Below the Jungfrau,
Mrs. S. Dunbar, 5-6-1965

"

Wicken Fen, Cambs., as root. S.i.
Walters, 1966

Cicuta Fen, S. Guernsey, C.I.23-4-66
A.J.R.

Uppsala, Sweden (ex Bot. Gard. Uppsala
1966) :

Lyl, Sweden (ex Bot. Gard. Uppsala

. 1966)

dland, Sweden (ex Uppsala Bot. Gard.
1966)

Gotland, Sweden "

11] " R n

Hajigac Pass, Xoh~i-Baba, Afghenistan

R.H.S. 1966

2011 from U.S. base, Keflavik,
Iceland Commander Ii.Stocken, 1566
Head of Glen Doll on V. side, Clova,
Angus, wet mica-schist cliff.
6-1965, A.J.R. (as root) 2300
Headows by Lawers village, Killin,
Perth, 300', 12-6-1965, A.J.R.
Roadside, 3. N. of Invergordon, W.
Ross, 3-6-1965, A.J.R.
Meadow, Staffin, Skye, 50', 4-6-1965
AJ.R.




Section Spectabilia (con.)

T.faeroense (195) 2n=40 + O

T, firmm (410)

(197)
(407)

(408)

2n=40 + 0O
2n=40

2n=40 + 0
2n=32

o.fulvicarpum (524) 2n=32 + 4S

T.hibernicum

T.larssonii

T.leptolepis

T.maculigerum

T.naevosum

* P.norstedtii

T.praegtans

(403)
(4o

(529)
(401)

(412)

(455)
(528)
(458)
(583)
(584)
(585)

(454)
(465)
(406)

2n=24

2n=24
2n=32
2n=40 + 0

2n=32

2n=32 + 0

2n=32

2n=32 + 0
2n=24 + 0
2n=24 + 0
2n=24 + 0

2n=24+2-33

2n=48 + 0
2n=48 + 0

2n=32 + 0

Flush, Wynch Bridge, Upper Teesdale,
W.Yorks. 14-5-1965, A.J.R.
"

Base-rich flush, Sunbiggin Tarn,
Crosby Ravensworth, Westimorland.
18_6-1965' A'J.Rl

11

Bese-rich river-bank, Langdon Beck
1} ?

Upper Teesdale, Durham, 16-6-65, 4A.J

Noe

Edge of a damp pine-wood, Braemar,
Angus. 3-7-1966, A.J.R.

Carex rosirata fen with Black-Headed
CGull colony, 4#¥. ¥N.Kirriemuir
Angus. 8-6-1965, A.J.R.

"

‘Base-rich river bank, Langdon Beck,

Upper Teesdale, Durham 10-6-65
A.J.R. _

Wet roadside, Killiecrankie Pass,
Perth, 29-6-1966, A.J.R.

Limestone cliffs above the Traligil
Inchnadamph, Sutherland, 800'
31-5-65, A.J.R.

Base-rich river bank, Langdon Beck,
Upper Teesdale, Durham, 10--6-65
A.J.R. '

Roadside, 314, N. of Invergordon,
W.Ross, 3=6=66, A.J.R.

Roadside, Rannock Station, Perth,
29-6-1966, A.J.R.

Roadside, 4M, N. of Blairgowrie,
Angus, 8-6-65, A.J.R.

Base-rich grassland, lalham, ¥W. York,
5-1966, A.J.R.

Montane grassland, Harbottle, Horthum-—

berland, 1200', 6-1966, A.J.R.

Limestone clints, under Fraxinus,
Colt Park Woor, Ribblesdale, V.
Yorks, 5-1966, A.J.R.

Roadside, Invergordon, W. Ross,
3~6-65, A.J.R.

Roadside, Aviemore, Aberdeen, 27-5-65
A.J.R.

Base-rich flushes, Sunbiggin, Crosby
Ravensworth, Westmorland, 18-6-1965
A.J.R. '




Section Spectabilia (con.

T.pseundonorstedtii

T.pycnostictum (498) 2n=32 + 45

(499
(503

(505
(MmT 1

T.repletum (L
(as ro
tapet

T.shetlandicum (519) 2n=24 + 1B

T.solenophorum (491) 2n=24+ 0-2S,

T.spectabile (190)

(191)
(199)

(431)
T.unguilobum (409)
(442)
(443)
(450)

(451)
(453)

(487)
(487)
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)

(200) 2n=32

g 2n=32 + 0
2n§32 + 0

) 2n=32 + 0
) 2n=32

awers 1) 2n=32 + 0

ot-tip and
al mitosis)

0=1B
2n=40

2n=40
2n=40

2n=40 + 0
2n=32
2n=32
2n=32 + 0
2n=32 + 2B

2n=32
2n=32

2n=32+1 =4S

2n=32 + 0

Base-rich flushes, Sandsyke, Upper
Teesdale, Co. Durham, 16-6-1965
4.J.R.

Mica-schist cliffs, Caenlochan Glen,
Angus, 3100', 6-1965 (as root)

A.J.R.
1]

Mica~-schist cl1ffs, Glen Doll, Angus,
24501, 6—1965 (as root) A. J.R. ,

Mlca—schlst cliffs, leall nan Tarmachan

Killin, Perth, 2200' (as root)
6-1965 A.J.R. .

Mica-schist cliffs, Ben Lawers, -

Xillin, Perth, 3200', 6-1965 (as

root) A.J.R.

Stackpole ¥Warren, Tenby Pembs, 14-6-
1966, D.W. Shimwell.

Wet grassland, Staffin, Skye, 3- 6—65, ’2
A.J.R.
Roadside, Lawers Village, Xillin, ‘
Perth, 12-6~-1965, A.J.R.
n

Base-rich flush, Sandsyke, Upper
Teesdale, Durham 16-6-1965, A.J.R.
Heraker, Worway, ex. Uppsala, Sweden
1966, A.J.R.
Grassy path Strathtummel, Perth, 10-6-
1965, A.J.R.
Dune slacks, Holy Island, Xorthumber-
. land, 22-6-1965, A.J.R. .
Roadside, Loch Ness, Inverness, i
3-6-1965, A.J.R.
Machair, Achmelvich, Lochinver,
Sutherland, 30-5-1665, A.J.R.

Roadside, Invergordon, W.Ross,
3-6-1965, A.J.R.

Roadside, Spean Bridge, Inverness,
5-6-1965, A.J.R.

Hill Pasture, Alwinton, Northumberland
1100', 6-1966, A.J.R.
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- Section Erythrosperms

T.argutum (445) 2n=24 + 0

7. austriscum (183) 2n=16

(185) 2n=17

. T.brachyglossum (158) 2n=24

: 2164) 2n=28
168) 2n=24
(169) 2n=24
(171) 2n=24
(172) 2n=24
T,disseminatum (128) 2n=24 + 0

T.dissimile (496) 2n=24 + 3$
T.isophyllum  (146) 2n=16 + 28

(147) 2n=16 + 08
(148) 2n=16 + 0s
(154) 2n=16
(149) 2n=24
(151) 2n=24
(152) 2n=24
5153) 2n=24

194) 2n=24
{440) 2n=16, 22
(131) 2n=24

T.lacistophyllum (Sherburn Hill
16) 2n=24

T.oxoniense (111) 2n=32

T.proximiforme (178) 2n=24

T.pseudolacistophyllum (45) 2n=32
T.rubicundum (417) 2n=24

T.silesiacum  (446) 2n=23,
24 + 0-3S

Long grass in shade, Strathtummel,
Perth, 10-6-1965, 4.J.R.

Clinker path, Haverton Hill, Co.
Durham, 20-6-1965, M. Hartley.

Dry limestone grassland, Hlohovec,
C.5.5.R., 4-5-1965, Prof. D.H.
Valentine ’

Dry maritime turf, Greatham Creek
Seaton Carew, Co. Durham, 4-5-1965,
A.J.R.

Ex. Bot. Gard. Berlin, origin
unknown, 1965. ,

Grey dunes, Ynyslas, Cardigan, 8-1965
(as roots, Prof. D.H. Valentine

Dry limestone grassland, Kovacover
Kopca,

C.S.S.R. 4-5-1965, Prof. D.H.Valentine

n

" (Hlohovec)

"

- " (Hlohovec)
"
" (Hlohovec)
" (S.Slovakia)
"

Ex. Bot. Gard. Jasi, Roumania,
Origin unknown, 1965.

Dry limestone grassland, Sherburn !
Hill, Co. Durham, 6-1966, A.J.R. :

Grey dunes, Warkworth, Northumber-
land, 21-5-1965, A.J.R.

Wood margin on limestone, Shadforth
Dene, Sherburn, Co. Durham,
20-5-1965, Prof. D.H. Valentine

Grey dunes, Drigg point, Ravenglass,
Cumberland, 22-8-1964, i.J.R. ,

Millhaven, Pembroke; 8-1965, Prof. I
D.H. Valentine.

Grassy path, Strathtummel, Perth,
10-6-1965, A.J.R.
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Secticn Ervthrosverma (con.)

T.simile (494) 2n=32 + 48
T. taeniatum (586) * © 2n=24 + 0

T.tanylobum (Brat;.1;3)-2h=24, 26

T.tortilobum (553) 2n=24 + 1B, 2-3S

(594) 2n=25 + 25
Section Boreigena

T.cochleatum (435) 2n=24 + 2§

(605) 2n=24 + 1-28

Section Vulgeria

T.acutangulum (554) 2n=24 + 25

T.bractaetum (8) 2n=24

(459)

(460) 2n=24+0-1S
T.cordatum (480) 2n=24 + ©
T.crispulum  .(167) 2n=24
T.cyznolepis (604) 2n=24 + 0
T.dahlstedtii (119) 2n=27

(456) 2n=24 + O
T.dentilobum

T.duplidentifrons (135) 2n=16,24
(siblings)
(414) 2n=24

(415) 2n=24

2n=23, 24+0-25 Roadside, Blairgowrie, Angus,

-Long grass by road, Creatham Creek,

(593) 2n=24 + 0, 35 Garden, Les Saintes-i‘aries de la

Grey dunes, Ynyslas, Cardigan,
8-1965, Prof. D.H. Valentine.
(as root).

Roadside, Tomphubil, Perth, 6-1965,
A.J.R. =

Dry grassland, Bratislava, C.S.S.R.,
5-1965, D. H. Valentine (root)

Roadside, N.W..Auvergne, France,
22-8-1966, A.J.R.

Baleo, Spain, 6-1966, D.i. John.

Sodankyla, Finland, ex. Bot. Gardn.
Uppsala, 1965. .|

ex. Uppsala, Bot. Gard. Sweden 1966; |
origin unknown.

Roadside. ¥.W. Auvergne, France,
22_8-1966, A.J-L [

Garden, Science Labs, Durham, 6-10-1964
AIJIR-

8-6—1965 ? ADJ-R-
1] ;
Garden, Philadelphia City, U.S.A. i
(Alien), 4-1966; Dr. J.L.Crosby. '

Seaton Carew, Co. Durham, 4-5-65,
A.J.R.
Uppsala; Sweden, ex. Uppsala Bot.
Gard. 1566. -
Sandy path near sea, Seaton Carew,’
Co. Durham, 7-5-65, A.J.R.
Roadside, Bonar Bridge, V. Ross;
3-6-1965, A.J.R.

ier, La Camargue, Provence, France,
8_1966, A-J.R-

Limestone grassland, Hlohovec, C.S.S.R.’

1964, Prof. D.H. Valentine.
Alder Carr, Newham Bog, Seahouses,
"




Section Vulgaria (con.)

)

T.hamatum-

~
s =

- N\ S (W

NN
-
—_—] S

).
(463)
(482)

T.hamiferum (520)
. (489)

T.klingstedtii (421
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2n=24+0-1S
2n=24+1-23, 2B
2n=24 + 25
2n=24 + 2B

) 2n=24+0-18

(448) 2n=24+3s

Garden, IDurham City, 4-10-16€4, A.J.R.
Carden, Science Labs. Durham City,
6_10—1964 H Al J.R-
1"

Roadside, Witton Gilbert, Co. Durham
7-5-1965, A.J.R.

Roadside, 4l.E. Dunkeld, Perth,
10-6-1965, A.J.R.

Vater meadows, 5. Guernsey, C.I.
23-4-1966, A.J.R.

Horm's Head, Gower, Glamorgan;
17-6-1966, D.W. Shimwell.

Roadside nr. Pitlochry, Perth, 10-6-
1965, A.J.R.

Ex. Bot. Gard. Zakopane, Poland as
T.nigricans, origin unknown, 1965,

leadow at 3500', Zakopane, Poland,
7-1965, A.J.R. .

(449) 2n=22, 24, 25 + "

T,litorale (142)

(143)

0-25
2n=24

2n=25

T.microcarpum (622) 2n=24+0

(625)
T.multifidum (28)

T,oreinicolum (623)
T.polyodon (81)

(114)
(140)

(155)
(162)

(163)

2n=24 + 0
2n=26

2n=24+2-35
2n=25

2n=16, 17
2n=24

2n=24
2n=24

2n=26

T.pseudohamatum (588) 2n=24 + 0

T.sellandii (492)

T.alatum (493)

2n=28

2n=24+0-35

Zealand, Denmark, 10-6-1965, iirs.
S. Dunbar.
"
Skopje, Yugoslavia, 17-9-1966, P.
Crisp.
50K. N. of Skopje, Yugoslavia,
17-9-1966, P. Crisp.
Plymouth Harbour, Devon, ?date;
? source.
Arona, Italy; 20-9-1966, P. Crisp.
Garden, Reading, Berkshire, 8-1964.
A.J.R.
Roadside, Sherburn, Co. Durham;
7-5-1965, A.J.R.
Zealand, Denmark, 10-6-1965,
¥rs. S. Dunbar.
n "
Long grass near sea, Greatham Creek,
Co. Durham, 4-5-1965, A.J.R.
"

Garden, Glanton, Alnwick, FNorthum-
berland, 8-1965, A.J.R.
Roadside, 2l{.VW. of Staindrop, Co.
Durham, 5-1965, A.J.R.
Roadside, 2M, E. of Staindrop, Co.
Durham, 5-1965, &.J.R.
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Section Vulgaria (con.)

T.speciosum (141) 2n=24 .Sand-dune, Zealand, Denmark, 10-6-65,
. Mrs. S. Dunbar.

All hybrid counts which I have made are listed in appendix 4. As none
of these plants were found wild, but are the result of experimental crosses,

they do not have a place in this appendix.
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Apvendix 4

A SUMMARY OF ALL KNOWN CHROMOSOME COUNTS IN TARAXACUM

Section Rhodotricha

T.kotschyi
Section Oligantha

T.oliganthum

Section Leucantha

T.leucanthum

T.albidum

Section Orientalia

T.stevenii

Section Leptocephala

T.bessarabicum

T.nigricornis
Section Serotina

T.serotinum

T.haussknechtii
Section Porphyrantha

T.porphyranthum

Section Spuria

T.montanum

T.syriacum
Section lacrocornuta

T.multiscavosum

T.monochlamydemenm

T.wallichii

2n=16 + 0O
2n=16 + 0

2n=16 + 0

2n=40
2n=16 + 0

2n=16 + 0

2n=24 + 0

2n=16 + 0

2n=16 + O
2n=24

2n=40 + 0O

2n=48 + O

2n=16
2n=16
2n=16,24
16 +0

Richards
Richards

P. Crisp (verb. comm.)
Richards

Gustafsson 1933
Richards

Gustafsson 1935b
Poddubna ja-Arnoldi 1939
Richards

Richards

Gustafsson 1933
Poddubnaja—Arnoldi 1939
MaYecka 1964

Richards

Richards

Gustafsson 1935b, 1933

Poddubnaja~-Arnoldi and Dianova; 1934

Richards
Richards

Poddubnaja-Arnoldi and Dianova 1934

Hoy-Liu 1963

Richards




Section Macrocornuata con.

T.kok-saghyz

T.microspermum

T.succulenteum
T.neo—lobulatum

Section Sinensia

T.bicolor

T.vepallidum

Section Kashmirana

T.elegans

T.fulvo-brunneum

T.vulpinum

T.gulmargense -
T.dentisquameum

Section Tibetana

T.heybroekii

T.mitalii

T.sikkimense

Section Mongolica

T.platycarpum

T.mongolicum

Section Scariosa

" T.minimum
T.bithynicum
T.hybernum

" T.cyprium
T.megalorrhizon

§9ctioh Rhodocarpa

T.schroeterianum

2n=16
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Poddubnaja-Arnoldi and Dianova 1934

2n=24,25 Richards (Agricult. material-autoploids?)

-2n=24

Poddubnaja-Arnoldi and Dianova 1934

2n=32 + 0 Richards . :
2n=24 + 25 Richards

2n=24
2n=40

2n=16
2n=16
2n=24

Erlandsson 1939

Hoy-Liu, 1963

2n=24+2S, 1B Richards
2n=32 + 0 Richards

2n=16
2n=24
2n=40

2n=16

Hoy-Liu, 1963

Erlandsson, 1939

Gustafsson 1933 ) ) . !

2n=16, 18  Takemoto 1954 !

2n=32 Gustafsson 1933 i
2n=16 Gustafsson, 1933

2n=16 + 0 Richards -t‘
2n=32  Poddubnaja-Arnoldi and Dianova 1934 .
2n=32 Haran 1952 -
2n=32 Anzalone 1948

2n=32 Gustafsson 1933

2n=24 Hoy-Liu 1963
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Section Bu-Erythrocarpa

T.amborum 2n=24 Gustafsson 1935b
" T.pieninicum 2n=16 Malecka 1961
T.oseudocalocevhalum 2n=24 +1B Richards
T.fedtschenkoi 2n=24 + 0 Richards
T.breviscapum 2n=24 + 1B Richards

Section Erythrosperma

T, agaurum 2n=24, 32 Hoy-Liu 1963
T.dunense 2n=24 - L
T.taeniatum ' 2n=24 "
2n=24 + O Richards
T.tortilobum 2n=24 _ Hoy-Liu 1963
2n=24 + 1B, 2-35 Richards
T, fulvum 2n=32 Gustafsson 1935B
T.rukterulum 2n=24 1
Tbtenuilobum 2n=24 u
T.dissimile : 2n=24 Gustafsson 19358, Richards
T.parnassicum 2n=24 " '
‘7, lacistophyllum 2n=24 "o
2n=24 + 0-25 Richards
T.oxoniense 2n=32 Richards
T.disseminatum 2n=24 Richards
T.austriacum 2n=16, 17 + 28 "
T.isophyllum 2n=16,17,22,23,24,+2S8 "
T.brachyglossum 2n=24,25,26,27,28,+0~35 Richards °
T.proximiforme 2n=24 Richards
T.pseudolacistophyllum. 2n=32 "
T.argutum © 2n=24 + 0S . "
T.silesiacum 2n=23,24, +1,2,35 "
T.simile 2n=32 + 0S "
T.friesii 2n=32 + 0S Richards
T.tanylobum 2n=24, 25, 26 "

Section Obliqua

T.obliquum 2n=24 Hoy-Liu 1963
) 2n=24 Gustafsson 1933

[ —
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Section Laevia

T.pumilum 2n=16 Holmen 1952 ; ,
2n=16 Jorgensson and Sorensen 1957
2n=16, 32 Mosquin and Hayley 1966
T, tundricolum 2n=36 Takemoto 1960
T.arcticum 2n=40 Flovik 1940
2n=40 Holmen 1952 )
2n=40 Erlandsson 1939
T.ohymatocarpum 2n=24 Holmen 1952
2n=24 Mosquin and Hayley 1966
(2n=40) Erlandsson 1939 (=arcticum?)
Section Ceratophora
T.alpicola 2n=24 Takemoto 1954
T.macilentum 2n=24 : " 1960
T.arctogenum 2n=32 " Holmen 1952
2n=32 Mosquin and Hayley 1966
. T.lacerum 2n=40 ] Jorgensson and Sorensen 1957
T.ecorniculatum 2n=32 Gustafsson 1935B
T.deliciosum 2n=24 "
T, lactucaceunm 2n=32 " 19354
T.simulum 2n=32 . n
T.brachcerés' 2n=32 "o 1933
T.cornutum 2n=24 "
; : 2n=24 + 38 Richar@s
T.bicorne 2n=24 "

Section Alpina .
T.'alpinum' 2n=32 Gustafsson 1935B

Séction Fontana-

T.fontanum 2n=32 Custafsson 1935B
2n=24 Richards
T.viride 2n=16, 18 + 0-28 "
Section Palustria
T.balticum 2n=32 Gustafsson 1935B
2n=32 + 0 Richards
T.scaturginosum 2n=24 Gustafsson 1935B

T.lanceolatum 2n=32 "




" Section Palustria (con.)

T.egregrium 2n=32 + 48 Richards
T.crocodes 2n=40 + 0 Richards
T.limnanthes 2n=40 + 0 "
T.austrinum 2n=23 + 1B "
T.austriniforme 2n=32 +°0 "
T.murbeckianum 2n=32 + 25 r
Section Svectabilia
T.noréstedtii . 2n=48 Gustafsson 1935B
2n=48 Hoy-Liu 1963
2n=48 + 0 Richards
~ I.pseudonorstedtii 2n=32 + 0 "
. T.caledonicum 2n=40 + 0O "
T.maculigerum . 2n=24 Gustafsson 1935B
2n=32 + 08 Richards
. T.praestans 2n=32 + 0S8 "
T.euryphyllum 2n=32 + 0S "
T.hibernicum .. 2n=24 + 0S "
T.naevosum : ' 2n=24 + 0S, 32+0 . "
T.naevosiforme 2n=32 Gustafsson 1933
T.unguilobum. 2n=32 + 1-4S. Richards
T.shetlandicum 2n=24 + 1B "
T.cimbricum 2n=25 n
T.fulvicarpum 2n=32 + 48 "
T.faeroense 2n=40 ' Harvey and Hawkes 1963
) 2n=40 + 0 Richards
T.spectabile 2n=40 + 0 "
T.leptolepis - 2n=40 + O "
T.firmum 2n=32 "
T.larssonii 2n=32 "
. T.solenophorum . 2n=24 + 0-1B, 0;28 n
T.repletum 2n=32 "
T.pycnoschistum 2n=32 + 0 "

T.akranesense 2n=32 + 0-25, 0-1B "
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‘Section Spectabilia (con.)

T.croceum _ 2n=32 Gustafsson 1935B
Section Obovata

T.obovatum én=48 +0 Richards

. Section Boreigena

T.macrocentrum 2n=24 Gustafsson 1933
T.cochleatum 2n=24 + 1-25 Richards
Section Vulgaria _
T.reflexum 2n=24 Poddubnaja-Arnoldi andDianova 1934 E
T.duolidens 2n=24 Hoy-Liu 1963 :
2n=24 Gustafsson 1933 i
T.helianthum 2n=24 Hoy-Liu 1963 |
T.rhaeticum 2n=24 " i
- T.obtusilobum 2n=16 Gustafsson 1937 :
2n=16 Sorensen and Gudjonsson 1946
) T.melanthoides 2n=24 Gustafsson 19353
T.litorale . 2n=24 o
: 2n=24 ) Richards
T.sublaeticolor 2n=24 Gustafsson 1935B
T.laeticolor 2n=24 ' _ " E
T.ekmannii, 2n=24 n :
‘T.retroflexum 2n=24 "
T.haematopus 2n=24 "
T.interruptum én=24 Gustaffson 1933
T.parvuliceps . 2n=24 : "
T .mimulum 2n=24 "
T.amblycentrum 2n=24 "
T.fasciatum . 2n=24 " :
T.crispulum - 2n=24 Richards E
T.multifidum 2n=26 o
T.longisquameum | 2n=24 Gustafsson 1933
T.patens . 2n=24 ' "
T.stenosch@stum 2n=24 n

T.pectinatiforme 2n=c.20 "
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‘Section Vulgaria (con.)

T.involucratum . 2n=24 Gustafs;on 1933
T,latissimum 2n=24 "
T.croceiflorum 2n=c,. 20 "
T.laciniosifrons 2n=19,20,22,23,24,48 Sbrensen and Gud jonsson 1946
T.polyodon 2n=21,22,23,24,44,45, (and Sorenson 1958)
, 46,47,48 :
2n=16,24,17,18,26,27,28,28,33 Richards
T.cordatum 2n=23,24 Sorensen and Gudjonsson 1946
2ne24 Richards _
T.hamatum 2n=24 Sorensen and Gudqdhsson 1946
T.subcyanolepis 2n=16,18,20,24,25,26,27,28,29 Richards
T.speciosum ' 2n=24 Richards .
T.bracteatum 2n=23,24,é5 + 0-18 n
‘T.hemiferum - 2n=24 + 2B Richards
©  T.,alatum 2n=24 +0, 2, 38 n
T.cyanolepis 2n=24 + 0 "
"P.dentilobum 2n=24 -+ 0, 3S "o
- T.pseudohamatum 2n=24 + 0S "
T.microcarpum 2n=24 + 08 "
T.oreinicolum 2n=24 + 2-3S "
T.adutangulum - 2n=24 + 2s n
T.duplidentifrons 2n=24, 16 "
T.sellandii 2n=28 "
© T.klingstedtii 2n=22,24,25 + 1-38 "
T.dahlstedtii 2n=27,24 "
Species Incertae Sedis
T.nutans 2n=16 Poddubnaja-Arnoldi and Dianova
1934
T.robustum 2n=24 "
T.samuelssonii 2n=32 Gustafsson 1935B
T.confertum ' 2n=16 " 1933
T.nigricans 2n=32 Matecka 1962

2n=32 + 0 Richards
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Hybrids (Female first)

* T,cordatum x T.obtusilobum 2n=17,18,23,30,31 Sgrensen 1958
* T.corddtum x-T.polyodon 2n=16,17,18,23 "
% T.polyodon x T.hamatum 2n=22,23,24,25,31,33 "
* T,polyodon x T.bracteatum 2n=22,23,24,25,31,39 "

*T.polyodon x T.chloroleucum 2n=22,23,24,25,31,39 "

* T,laciniosifrons x T.cyanolepsis 2n=22,23,24,25,31,39 "

T.viride x T.fontanum 2n=16,17,18 + 0 Richards
T.isophyllum x T.fontanum 2n=17,18,19 + 0 n
T.polyodon x T.litorale 2n=21,23 + 0S, 25 - "

~ T.isophyllum x T.succulenteum 2n=16,18,19 + 0-2S "
T,viride x T.succulenteum 2n=18, + 1S, 20+0 "
T.viride x T.polyodon 2n=17, 18 + 0 -1S L

T.isophyllum x T.cimbricum 21i=16,18,21 + 0-18 ".
T,viride x T.brachyglossum 2n=17, 18,20 + 0-18 "~

Notes: :
All my counts are listed more fully, with localities, in appendix 3

" of tﬁis thesis.

A number followed by S, indicates the number of satelliﬁed chromosoﬁes
observed. Similarly, B shows the number of supernumer ary ¢hromosomes
that were seen.

* In the counts given for the papers Sgrensen and Gudjéhsson 1946, and
Sorensen 1958, it should be noted that very few actual counis are éiven,
and these counts are inferred from the text in some cases. They may not
all be correct. Soﬁe counts are registered in both papers, not just in
the one indicated. Similarly, some of the Gustafsson counts are published
in more than one paper.

No counts which have not been specified accurately by an acknowledged

——— -
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Paraxacum expert are included. Thus all Furnkranz's work, and most of
Malecka's has not been included. An exception is T.alpinum, this being the
only known count in the section, and possibly belonging to a genuine
‘taxon.

There are 172 species in the genus with chromosome counts. These

. L ]
belong to 29 of the 35 sections. I have counted 93 species in 19 sections.

Of these 93 counts, 74 have been new.
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