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CYTOLOGICAL VARIATION INT 

CHRISAHrHEMUM LEUCAHTHEMUM L. 

SEI\BU LATO 



1. 

INTRODUCTION 

Within the l a s t few years considerable interest has been generated 

i n the use of cytological characters for assisting i n taxonomic 

treatments of the Composite species Chrysanthemum leucanthemum L. 

sensu l a t o . This species i s extremely variable and numerous i n f r a -

specific taxa have long been recognised. Recent works (see following 

text) using North Americaji and Continental material have suggested 

that there might be s u f f i c i e n t grounds f o r s p l i t t i n g up the species 

aggregate into specific taxa corresponding to chromosome raxjes. 

Although on the basis of their d i s t r i b u t i o n of chromosome races 

on the Continent, Bocher and Larsen (1957) have surmised that only 

the d i p l o i d chromosome race grows i n the B r i t i s h I s l e s , the situation 

i s i n f a c t , unknown. I n this context Valentine (I961) has stated, 

" I t i s too early to be certain whether a l l B r i t i s h forns of t h i s group 

belong to the diploid species, and further investigation is. needed." 

I n the following account I have attempted to analyse certain 

aspects of variation w i t h i n the species aggregate using a variety of 

techniques. The enormity of the task has prevented representative 

samples from the whole geographical and morphological range of the 

species aggregate from being considered. As a result of this my attention 

has been primarily confined to vari a t i o n within B i l t i s h material and 

di p l o i d and tetraploid chromosome races of Continental material. 

NOTE. The term 'population" has been used throughout the text to 
refer to groups or samples of plants which have a close spatial r e l a t i o n ­
ship i f i t h each other and are distinguished from other populations by 
the presence of obvious discontinuities i n that relationship. N.b 
genetica/L implications have been attached to the term 'population'. 
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GYTOLOGICAL VARIATION IN CHBISANTHEMJM LEUGANTHEitTÎ  L.. SENSU LATO 

Review of the l i t e r a t u r e 

Tahara (1915> 1921) f i r s t reported the tetraploid number of 

2n = 36. Subsequently, Orth (1926), Shimotomai (1938) and Dowrick 

(1952) published counts of 36 f o r the species; Polya (1950) published 

the f i r s t d i p l o i d count of 2n = 18 from Hungary and i n 1956 Duckert 

and Favarger found 2n = 18 i n an alpine population from the Jura. I n 
n 

the following year, Bocher and Larsen (1957) gave a cytotype d i s t r i ­

bution of the species on the basis of some t h i r t y l o c a l i t y counts 

including a hexaploid count of 2n = 54-. Baksay (1957) demonstrated the 

existence of d i p l o i d , t e t r a p l o i d and hexaploid plants i n the Tatra of 

Hungary and t h i s was followed by a paper by Favarger (1959) on the 

d i s t r i b u t i o n of chromosome races within Switzerland. Skalinska and her 

co-workers (1961 & 1963) found a comparable d i s t r i b u t i o n of chromosome 

races i n Poland to the Hungarian and Swiss ones of Baksay and Favarge^ 

respectively. P r a c t i c a l l y a l l the work cited above was eonfined to 

mito t i c counts without examination of cytological variation other than 

chromosome number. 

There has been very l i t t l e work published on meiotic chromosome 

va r i a t i o n i n Chrysanthemum leucanthemum L. or i n the rest of the genus 

for that matter. 

Cooper and Dfehony (1935) published a count of n = 18 on material 

taken from the Campus, University of Wisconsin, i n which they found 

18 bivalents. Dowrick (1952), while working on chromosome variation 



within the genus, noted that i n general the tetraploids shoxjed some 

degree of multivalent formation and concluded that the most probable 

o r i g i n f o r polyploids was by autopolyploidy. He did not make the 

essential d i s t i n c t i o n between homologous chromosome associations and 

associations res u l t i n g from interchanges. I n an examination of t e t r a ­

p l o i d meiotic material of Chrysanthemum leucanthemum L. he made the 

importajit discovery that some anaphase 1 cells contained 36 chromosomes 

at each pole. This resulted i n diad formation and pollen with 36 

chromosomes. Whilst examining the meiotic chromosomes of te t r a p l o i d 

Chrysanthemum atratum L. Dowrick discovered the seime phenomenon of non-

reduction of pollen and att r i b u t e d i t to the precocious s p l i t t i n g of 

the centromeres at anaphase 1. He suggests that i t i s the capacity of 

the centromeres f o r further division which determines whether there i s 

a second division or not. Although the examples described refer to 

tetraploids, i t i s quite possible that the same phenomenon could arise 

i n diploids and hence be a possible source of spontaneous autopolyploidy. 

Favarger and Duckert (1956) described the meiosis of a high alpine 

d i p l o i d form of Chrysanthemum leucanthemum L. as being anomalous. 

Several indeterminate l i n e drawings and photographs are given i n the 

tex t which add l i t t l e to the evidence for an anomalous meiosis. In his 

1959 paper on Chrysanthemum leucantheaum L. Favarger said that the 

abnormal d i p l o i d meiosis described i n 1956 was probably confined to the 

l o c a l i t y from which he sampled and that a l l subsequent investigations 

on other material had revealed normal bivalent pairing. On the 
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te t r a p l o i d chromosome pairing, he comments that although he has no 

coiints of his ovm, previously published work indicates that pairing 

i s regular and hence indicative of an allopolyploid o r i g i n . A l l 

published counts to date are given i n Appendix I I . 

M i t o t i c chromosome v a r i a t i o n 

Root t i p analyses were made on potted plants using the methods 

described i n Appendix I I I . A l l the plants of natural o r i g i n examined 

were found to have numbers on the 2n, 4-n or 6n levels of ploidy, thus 

confirming the counts of previous authors. Other chromosome numbers, 

as found by Favarger (1959)> V i l l a r d and Favarger (1966), were not 

detected. A. l i s t of material counted i s given i n Appendix I . Careful 

observations on intraplant chromosome variation revealed that the 

chromosomes were a l l more or less the same length and that the centro­

meres were either median or submedian i n position. S a t e l l i t e s and 

secondary constrictions were occasionally observed, but were most 

irr e g u l a r as regards v i s i b i l i t y . The main factors which determined 

t h i s i r r e g u l a r i t y appeared to be excessive chromatin contraction due 

to excessive pretreatment and injudicious squashing during slide 

preparation. I n spite of these handicaps, i t was decided to carry 

out an analysis to t r y and determine whether the observable, s l i g h t 

morphological differences could be interpreted i n terras of inter.plant, 

iiiter population, and intieiploid variation. 

I t was thought at f i r s t that making camera-lucida drawings of 



chromosomes and taking measurements from the drawings would be adequate, 

but i t was found that the inaccuracies introduced by an i n a b i l i t y to 

reproduce a chromosome outline prexjiealy by means of a pencil l i n e were 

too great r e l a t i v e to chromosome size, and the more sensitive procedure 

of making photomicrographs of standard enlargement and either pairing 

and/or measuring the chromosomes from a bromide p r i n t was adopted. 

This procedure requires that a l l the chromosomes be i n the same focal 

plane to minimise the errors of converting an essentially three 

dimensional l i g h t image into an observed two dimensional d i s t r i b u t i o n 

of s i l v e r grains. Naturally, the success of the process i s also 

dependent upon adequate resolving power of theuoptical system and the 

photographic techniques employed. As already pointed out there are 

no p a r t i c u l a r l y good mitotic chromosome markers i n Chrysanthemum 

leucanthemum L. and i t would be useful to examine the variation pattern 

of each parameter i n d i v i d u a l l y to assess t h e i r taxonomic value. 

For chromosome varia t i o n to be of taxonomic value one has to know 

whether i d e n t i c a l chromosomes from d i f f e r e n t cells and plants consistently 

maintain the same position i n the observed spectrum of variation for 

a c e l l . This necessitates being able to i d e n t i f y positively a 

p a r t i c u l a r chromosome i n every einalysable metaphase available. Such 

a chromosome was detected i n di p l o i d seedlings germinated from seed 

5E N.B. In Appendix IV can be found details of the photomicroscopy 
and the rationale f o r the various techniques used. 
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taken a t Polzeath i n Cornwall. See f i g s . 1 and 2, page 7 . I t i s 

int e r e s t i n g to note that of thirteen seedlings counted, three were 

homozygous f o r the marker chromosome and ten heterozygous. This 

leads to the most l i k e l y conclusion that the seed was taken from one 

plant homozygous f o r the marker chromosome and that the plant concerned 

was outbreeding, f i - ' The p o s s i b i l i t y that the parent plant was heter­

ozygous and inbreeding cannot be excluded but i s less l i k e l y from the 

observed frequencies. The chromosome concerned i s one of the longer 

ones and has a subterminal centromere. The nature of t h i s heterozygosity 

i s unknown (meiotic material having not yet been examined), but i t i s 

l i k e l y to be a pericentric inversion. 

The value of such a chromosome i s that not only can size variation 

be studied but also arm r a t i o and the effects of d i f f e r e n t i a l contrac­

t i o n upon d i f f e r e n t lengths of chromatin. On the basis of t h i s , a 

coe f f i c i e n t of v a r i a t i o n f o r the chromosome can be computed and t h i s 

can be used to assess the confidence l i m i t s f o r homologous chromosome 

i d e n t i f i c a t i o n on the basis of long arm and short arm measurements. 

The extrapolation of a coefficient of variation computed for one 
chromosome to others i n the same genome does not appear to be a gross 
l i b e r t y . Patau (1964) has calculated individual coefficients f o r length 

v a r i a t i o n of various hujjian chromosomes and found them a l l to be about 5% 
irrespective of the chromosome concerned. The inference i s that D.N.A.varies 
according to the same properties, no matter what size or shape of the 
chromoBome concerned i s . i.e. as regard contraction and .stretchability. 

K This material was kindly provided by R.. A. Finch of the Bbtany 
Department, Oxford. 
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Fig. 1, C e l l homozygous fo r marker 
chromosome indicated by arrows 

Fig. 2. C e l l heterozygous for marker 
chromosome indicated by arrow 
Secondary cons t r i e i-ion indicated by 
asterisk. 
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Chromosome Size 

DoOTick (1952) has suggested that i n the Chrysanthemidae, 

chromosome length i s negatively correlated with increase i n polyploidy. 

Comparative measurements are d i f f i c i i l t to make owing to differences i n 

contraction, but maximum to minimum lengths f o r both d i p l o i d and 

t e t r a p l o i d chromosomes are not s i g n i f i c a n t l y different.. 

Itaimum length Minimum length 

2x longest 
chromosome 

-!+x longest 
chromosome 

2x shortest 
chromosome 

Ax. shortest 
chromosome 

8.0 microns 

7.5 microns 

3.5 microns 

3'5 microns 

5.5 microns 

5.5 microns 

3.5 microns 

3.5 microns 

However, tetraploids appear to have a larger proportion of small 

chromosomes i n t h e i r complement. This would imply that there i s less 

than twice the amount of D.N.A. i n te t r a p l o i d nuclei than there i s i n 

d i p l o i d nuclei. A. crude estimate of D..N..A. content can be reached by 

measuring the length and breadth of interphase nuclei from squashed 

preparations. The assumption i s made that i f s u f f i c i e n t nuclei are 

measured then on average the thickness of nuclei w i l l be more or less 

the same and that length and breadth provide s u f f i c i e n t parameters for 

D.K.A. quantity estimation, ( f i g . 3, page 9 ) . Where the nucleus i s 

oval, an over-estimate of the true area by a factor o f f f / A i s derived." 



9. 

paramaters measured 
for estimating nucleus 

size 

Fig. 3. 

* 
length short arm 

length long arm 

parameters mcasunsd for estimating 
chromosome size 

Pig. 4. 

if 

mi 

Z6 

Z5 

u 24 

no
m

os
o 

£3 

22 

rk
er

ch
i 

' u
ni

ts
 

29 

rk
er

ch
i 

' u
ni

ts
 

20 

g f f9 

' 5 1 /8 

P 17 P 
/6 5* 6* 7" a * 9"" '3*»** •« 

size position of marker chromosome 
relative to rest of complement 

Fig. 5. 



10. 

(This technique has also recently been used f o r estimating the quantity 

of D.N.A. i n Barr Bodies and r e l a t i n g t h i s to differences i n X-chromo-

some size. Taft, P.D. et a l . (1965). KLinger, H.P. et a l . (1965), 

have increased the accuracy of the method by estimating nucleus thick-

ness by Feulgen-microphotometry.) 

Fig. 6, page 11 shows that there appears to be a reduction i n 

average size and hence D.N.A. content below the expected amount when 

comparing t e t r a p l o i d nuclei vdth double that of the average size for 

d i p l o i d nuclei. However, the large standard deviations f o r the 

measurements mean that there i s only j u s t a significant difference 

between the observed and expected values for D.K.A. content. Estimations 

of D.N.A. content using Feulgen-microphotometry would reduce the 

standard deviations considerably and perhaps help to deiBonstrate the 

s l i g h t difference indicated above on a sounder basis. 

I n f i g . 5, page $ i s plotted the length position of the marker 

chromosome compared with the other chromosomes i n the complement 

against the absolute length of the marker. I t can be seen that the 

markero chromosome varies i n position from f i f t h largest to fourteenth 

i i the complement. The length i s regarded as being the long arm + the 

short arm length with an allowance made for the centromere position as 

shovm i n f i g . 4. page. 9. The scatter indicates a negative correlation 

* Dowrick at Wye College i s at present researching into D.N.A. content 
i n the Chiysanthemidae using the much more c r i t i c a l method of Feulgen 
raicrofcphotometry (personal communication). 
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between them. The correlation i s — -52^\ihich i s significant at the .01^ 

l e v e l . The reason fo r t h i s curious relationship i s the apparent length 

polymorphism of the marker chromosome r e l a t i v e to other members of. the 

complement, a point which w i l l be discussed l a t e r . 

Centromere position. 

The position of the centromere i s a cardinal character used i n 

chromosome discrimination. As already noted, except for the marker 

chromosome, the chromosomes i n Chrysanthemum leucanthemum L. tend to 

be meta- to submetacentric. I n f i g . 7, page 13 i s plotted % length 

long arm against % length short arm for the marker chromosome. As 

expected there i s a strong positive correlation, but by no means a 

perfect one, v/hich could indicate that the short arm i s not increasing 

i n length i n direct proportion to the long arm. In f i g . 8, page 13 

i s p l o t t e d the r a t i o of % length long arm to % length short arm against 

% length marker chromosome. The correlation of x upon y f o r t h i s 

scatter i s -0.50 which i s s i g n i f i c a n t at the .01% level. This indicates 

that as the- marker chromosome increases i n length r e l a t i v e to the rest 

of the complement, then the r a t i o of long arm to short arm decreases, 

which would mean a polymorphism of the chromosome. As the measurements 

were taken from cells from several plants, t h i s polymorphism could 

well exist between d i f f e r e n t plants. 

The degree of v a r i a b i l i t y of the marker chromosome was computed 

using a coefficient of v a r i a t i o n , Patau ( I 9 6 4 ) , where the coefficient 
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= 100 2n^^(x^ - x^) 2/£ (x^ + x^) 

and X, = length long arm. ^ autosome length 
1. length short arm 

f o r one c e l l and Xg the same parameter for another c e l l . The 

comparison was made between every c e l l and the value of the coefficieht 

was 6.B%. This v a r i a t i o n i s of the same magnitude as that computed 

fo r chromosomes of other organisms. I f the assumption i s made,that 

other chromosomes within the complement can vary to the same extent 

(a not unwarranted decision as pointed out on page 6 ) then the lack 

of positive v a r i a t i o n between chromosomes probably means that chromo­

somes cannot be consistently i d e n t i f i e d on the basis of length and 

centromere position alone. 

S a t e l l i t e s and Secondary Constrictions 

Very few cells present the chromosomes i n a form suitable f o r 

secondary constriction and s a t e l l i t e emalysis, probably due to the 

contracting action of spindle i n h i b i t o r s . A. conservative estimate 

of the number of good ce l l s necessary to establish the position and 

number of such chromosome markers i s twenty or more i n Chrysanthemum 

leucanthemum L. The maximum number of s a t e l l i t e d chromosomes observed 

i n a d i p l o i d plant i s six, f i g . 9> page 15 , and eight i n a te t r a p l o i d 

plant. Careful examination showed that the marker chromosome had a 

small s a t e l l i t e on i t s short arm but t h i s was only observed i n f i v e 

c e l l s . 



15. 

F i g . 9. B r i t i s h diploid with f i v e s a t e l l i t e * 
chromosomes indioatjsd by arrows. A s i x t h i s 
present bat i s not v i s i b l e i n i h i s o e l l . 

Pig. 10. B r i t i s h diploid with a chromosome with 
.seccajdiary constriction i n long arm indicated by 
arrow. A chromosome i d e n t i c a l to the Cornish 
marker indicated by a s t e r i s k . 
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The only secondary constr i c t i o n which could be detected i n 

several d i p l o i d populations was one which divided the long arm into 

two equal parts, Pig. 10, page 15. Three tetraploid plants from 

Derbyshire showed a similar secondary constriction i n one chromosome. 

Pig. 2, page 7, shows a chromosome with a marked secondary constriction 

i n juxtaposition to the centromere. This chromosome was present i n 

some of the Cornish populations examined. 

I n Appendix V i s a set of karyotypes constructed for d i p l o i d , 

t r i p l o i d , and tetraploid c e l l s . No assertions are made as to the 

"correctness" of a particular arrangement other than i t appeared to 

be the best one for the c e l l concerned. Because of the uncertainty of 

chromosome i d e n t i f i c a t i o n on these c r i t e r i a , a generalised idiogram has 

not been constructed f o r the chromosome con^lement of Chr.ysanthemum 

leucanthemum L. A tentative idiogram has been derived f o r B r i t i s h 

d iploids. This i s given i n Appendix V. 

The following general points emerge from the mitotic chromosome, 

examnation. 
1, Witti the exception of the marker chromosome no other chromosome 

can be consistently recognised i n either diploid or tetraploid Chrysanthemum-

leucanthemum L. although examination of maî y cel l s permits one to 

recognise a:t least three others i n diploids. 

2. Diploid plants show a remarkable polymorphism i n that apparently 

homologous chromosomes are frequently d i f f e r e n t i n morphology 

* The process of detection of chromosome homology i s frequently oneof 
elimination i n that quite often one has to accept the two chromosomes 
l e f t over after pairing up a l l the others as.being homologous. Naturally 
an error a t one stage produces an error i n a l l subsequent matchings. 
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3. Tetraploid plants do not appear to have such a polymorphism. 

Whether or not t h i s apparent lack of polymorphism i s caused by the 

greater number of pairing p o s s i b i l i t i e s permitting the chromosomes 

to be more easily forced into a paired karyotype than i n diploids i s 

not f x i l l y known. Certain chromosomes, i n particular Group/chromosomes 

(see Table A , page 18 ) are most certainly disomic. 

4. The chromosomes can be grouped f o r convenience into f i v e groups 

according to size, centromere positions and presence of s a t e l l i t e s . 

The demarcation between these groups i s often i n d i s t i n c t and i s based 

upon observations made from a few cells which show the morphological 

differences more d i s t i n c t l y . Table,A>-'. page 18, shows the various details 

of the groupings. 

5. Secondary constrictions appear to demonstrate heterozygosity i n 

that only one of a particular sort of secondary constriction ever 

appears' i n a c e l l , the other homologous chromosome not exhibiting i t . 

This s i t u a t i o n i s similar to that recently detected i n human chromosomes, 

Beutler (1963), Palmer and Funderburks ( 1 9 6 5 ) * 

I t i s thought that chromatin areas bearing secondary constrictions 
are l a t e r e p l i c a t i n g and have other s i m i l a r i t i e s to genetically inactive 
heterochromatin. This suggests the p o s s i b i l i t y of chromosomal ina c t i v -
ation i n these regions which could be important i n terms of genetical 
adaptation of cel l s rather than organisms to variations i n environment. 
Heterochromatin bodies are not obviously apparent i n resting-state 
nuclei of Chrysanthemum leucanthemum L. Frequently darker staining 
clumps of chromatin can be seen but whether these should be interpreted 
as heterochromatin or simply aggregations of eu-chromatin i s not known, 
although absence of chromatin clumps i n some cells makes the l a t t e r 
a lternative more l i k e l y . 
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Group 2 

Group 2 

Group 3 

TABLE A 
Morphological groupings of somatic chromosomes 

Polyploid 

Group 1 2N: 

Group 1 4N 

2N 

2N 

4N 

Group 4 2N 

Group 4- -iN 

Group 5 2N 

Group 5 4N 

Position 
centromere 

median 

Size 
chromosome 

3.5-8 }i 

submedian 

submedian 
to 

subterminal 

7-8 ji 

5-6.5 )! 

subterminal 4.5 - 5.5 p. 

3.5 - 4.5 p 

submedian 3.5 - 4.5 >i 

3,5 - 4.0 ; i 

No. 
chromosome 

4-6 

6^10 

0-2 

2-6 

6-10 

8-̂ 14 

2-4 

4 

2 

2-4 

Satellited? 

None 

None 

Two to four 

A l l 

None 
9 

Meiotic chromosome va r i a t i o n 

Meiotic chromosomal analyses were carried out on anthers using 

the techniques described i n Appendix I I I . 

The main aims of the investigation were as follows: 

1. An analysis o f chromosome pairing of natural 'and hybrid plants as 

axi indicator of genomic s i m i l a r i t i e s and d i s s i m i l a r i t i e s . Related to 

t h i s i s an analysis of chiasma frequency and position, i n order to 

discover the basis of differences i n pairing behaviour other than the 

genomic s i m i l a r i t i e s mentioned above. 
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2. To investigate the results of meiosis i n terras of production of 

viable gametes, especially i n polyploids and hybrids. 

Diploid meiosis 

Jfeiosis i n a l l d i p l o i d plants examined was extremely regular 

with the production of ri n g and rod bivalents. There was no 

evidence of translocations, inversions or the production of univalents. 

The most common analysable stages were diakinesis, raetaphase I and 

telophase I . Anaphase I preparations were rarely encountered. 

Pachytene studies showed that there was complete end to end 

pairing of ho'mologues. Chiasmata were normally completely termin-

alised by metaphase ( f i g . 12, page 20) and almost so by diakinesis 

( f i g . 11, page 20). No instance of more than one chiasma per chromo­

some arm was observed. Regular telophase 1 configurations ( f i g . 13} 

page 20) indicated that disjunction during anaphase 1 was normal and 

i t was assumed that a l l the d i p l o i d plants examined would have produced 

viable gametes. This assumption was strengthened by examination of 

stained pollen grains, which showed 95^ or more of the grains to be 

f e r t i l e . The reasoning and methodology of the technique used for t h i s 

are given i n Appendix I I I An analysis of chiasma frequency i n plants 

from d i f f e r e n t populations was made using diakinesis as the stage of 

div i s i o n examined. The results are shown i n Table B , page 21. 

Dowrick, 1952, found that the average chiasma frequency f o r 

d i p l o i d plants i n the genus Chrysanthemum was 1.50. I n the 
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TABLE 

Chiasma Frequency i n Diploids 

Averaee No. Average No. 
Chiasmata Chiasmata 

Plant N Q . Oriain of Ifeterial per bivalent per c e l l . 

1 Loggerheads, F l i n t s h i r e 1 . 4 6 1 3 . 1 3 
2 11 ir 1 . 5 6 1 4 . 0 3 
3 n n 1 . 5 1 13.60 

1 Aberdovey, Merionethshire 1 . 6 7 1 5 . 0 2 
2 - n n 1 . 6 2 U . 5 6 

3 n I I 1 . 5 9 1 4 . 3 0 

1 Bbarpark, County Durham 1 . 6 6 1 4 . 9 3 
2 I I n 1 . 7 0 1 5 . 3 0 
3 n n 1 . 7 2 1 5 . 4 8 

1 Vallee d'Astos, C. Pyrenees 1 . 6 4 1 4 . 7 5 
2 n n. 1 . 6 9 1 5 . 2 0 
3 I I I I 1 . 6 1 1 4 . 4 8 

1 ffelhara, Yorkshire 1 . 5 5 1 3 . 9 5 
2 n n 1 . 6 1 1 4 . 4 8 
3 n I I 1.60 1 4 . 4 0 

Chrysanthemum leucanthemum L. plants examined herejthe chiasma frequency 

as shown i n the Table above, ranged from below 1 . 5 to over 1 . 7 0 per 

bivalent. As the plants were a l l grown under similar environmental 

conditions, i t seems most l i k e l y that such differences are genotypic. 

A difference of 0 . 0 5 chiasmata per c e l l was s i g n i f i c a n t l y d i f f e r e n t at 

the 5% l e v e l . Wide differences observed i n chiasma frequency of plants 

grown from seed taken from the same capitulum indicate segregation of 

the genes concerned and/or i n f l u x of d i f f e r i n g genes by outbreeding. 
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T r i p l o i d Meiosis 

The meiotic behaviour of t r i p l o i d plants produced by hybridisation 

(see pagete) was examined and the following facts were discovered. 

Meiosis, as examined a t metaphase 1, was ty p i c a l of an a u t o t r i p l o i d , 

with the production of univalents, bivalents and trivalents i n varying 

proportions. Pigs. 15 & l 6 , page 23. The presence of unpaired univalents 

could be seen i n pachytene preparations. Pig 14, page 23, as single 

thr eads. 

Most of the t r i v a l e n t s were orientated i n a convergent fashion 

w i t h a rod of three as the mat frequent configuration. 'Prying pan* 

and 'Y* configurations involving multiple chiasmata were found f a i r l y 

frequently. This situation i s d i f f e r e n t to that found i n diploids and 

tetraploids as discussed l a t e r . Pew instances of linear or i n d i f f e r e n t 

orientation were seen with the r e s u l t that few chromosomes involved i n 

multivalent formation were l e f t at the equator on disjunction of the 

trivsuLents. However, univalents were often l e f t , (Pig. 21, page 2 7 ) . 

Pig. 18, page 25 shows the frequency of trivalents from seven plants 

plotted against the chiasma frequency. There appears to be a similar 

relationship f o r a l l plants, the correlation c o e f f i c i e n t of x upon y 

being ©•.92, s i g n i f i c a n t at the 3^ l e v e l . lEhe t r i v a l e n t frequency f o r 

the most r i g h t hand plant i n Pig. 18 has been modified. This plant 

was an aneuploid containing 25 chromosomes instead of the normal 27. 
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) 
4 

Fig. L!f. T r i p l o i d pachytene. 
Unpaired univalent indicated 

by arrow. 

Fig. 15. Triploid metaphase I 
Frying pan trivalents 

^ 2 linear rod tri v a l e n t s 
•/1 r i n g bival'^nt 

1 univalent 

Fig. 16. T r i p l o i d metaphase 1. 
~*2 f r y i n g pan t r i v a l e n t 

2 convergent rod t r i v a l a i ts 
If 1 linear rod t r i v a l e n t 
}/ 3 r i n g bivalents 

2 univalents 
A 2 univaloits showing 

precocious division 

Fig. 17. Triploid telophase 1 
Unequal disjunction resulted 
i n 13 chromosomes at one pole 
and 14 at the other 

N.B. 25 chromosome aneuploid 
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The assumption was made that the two missing chromosomes were non­

homologous on a maximum like l i h o o d hypothesis. This being, so, then 

such a plant could only be exhibiting seven-ninths of i t s potential 

t r i v a l e n t production and the observed frequency has been changed to 

the expected. Tbe modified value f a l l s conveniently onto the x-y axis 

of the other plants, a fact which reinforces the assumptions made. 

Although the plants are derived from three d i f f e r e n t hybridisations 

involving plants from various parts of Europe, they a l l show the same 

degree of chromosomal homology as evidenced by the trivalent-chiasma 

relationship — an important point which w i l l be discussed l a t e r . ' 

Six hybrids syiithesised from an I t a l i a n t e t r a p l o i d and B r i t i s h 

d i p l o i d , although exhibiting normal t r i p l o i d raetaphase pairings had 

a curious nuclear asynehrony at prophasic stages i n which, while one 

part of the nucleus could be passing through pachytene, other parts 

of the same nucleus were s t i l l at leptotene. Fig. 20, page 27 • As 

only a proportion of P..M..G's examined at prophase exhibited t h i s 

phenomenon, micro-environmental differences within the stamens must 

have either induced or suppressed the asynchrony. This phenomenon 

Ifetaphase configurations were used i n the analysis and the 'lumpy' 
appearance of some cells has probably led to an underestimate of 
t r i v a l e n t frequency, some 'frying pan' t r i v a l e n t s being scored as 
separate bivalents and univalents. This error should equal out 

fo r a l l samples. 
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Fig. 19. 
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was probably caused by a developmental unbalance in; the hybrids 

concerned. The other two types of hybrid did not show such an. 

unbalance. 

After examining t r i p l o i d Chrysanthemum frutescens L. Dowrick 

(1952) suggested on the basis of pollen grain size measurements that 

there was production of grains with the haploid chromosome complement 

and elimination of others w i t h numbers d i f f e r i n g from thi s , fhe 

size range of our measurements of t r i p l o i d plant pollen grains 

correspond w e l l with Dowrick's data. Pig. 19, page 25, but the 

d i s t r i b u t i o n and interpretation of the data do not. ' Examination of 

telophase 11, Pig. 22, page 27, showed that the pollen grains were 

l i k e l y t o contain chromosomes i n a frequency which approximates to a 

binomial d i s t r i b u t i o n . The sample size was i n s u f f i c i e n t to j u s t i f y 

a test of significance f o r the d i s t r i b u t i o n , 

ISie assun^tion that pollen grain size i s d i r e c t l y proportional 

to chromosome content i s not applicable i n this instance since the 

smaller grain sizes are much smaller than would be expected from a 

normal haploid s i t u a t i o n , as i n diploids for example. The apparent 

skew of the d i s t r i b u t i o n giving a predominance of very small grains 

possibly results from some hybrid developmental process and is not a 
s 

d i r e c t r e s u l t of chromosomal content. 

The presence of micronuclei during the tetrad stage of meiosis 
36-

The small grains were not empty and stained up i n acetocarmine. 
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l i g . 20. 
Asynchronous meiotic 

prophase i n a 
hybrid t r i p l o i d 

4» 

F i g . 21. Late anaphase 1 
i n a t r i p l o i d showing 
lagging univalents which 
have divided precociously. 

" l i g . 22. Triploid telophase 11 
showing an aneuploid 
distribution of chromosomes 
i . e . 15 + 15 + 12 + 12 
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indicates that some univalents are probably being eliminated by being 

l e f t on the plate at metaphase I and I I . That some univalents must 

pass to the poles i s obvious from the numerically balanced content 

of most telophase nuclei examined. 

Attempts were made to induce pollen grain division by germination 

under d i f f e r e n t substrate, temperature and l i g h t conditions, but a l l 

f a i l e d . This was t r i e d not only f o r t r i p l o i d grains, but also f o r 

di p l o i d and t e t r a p l o i d ones. 

Dourick (1952) says that i n Chrysanthemum frutescens L. the uni­

valents are l o s t at both meiotic divisions and t h i s could p a r t i a l l y 

account f o r his curious explanation of his grain size d i s t r i b u t i o n . 

At any rate, i t would s t i l l be necessary to invoke some form of 

xmidirectional elimination of univalents and selection for haploid 

grains. As regards the small peaks to the r i g h t of the main hump, on 

the. numbers of grains involved, these could well be variations i n the 

t a i l of the main peak or indeed, as Dowrick suggested, products of 

higher numbers of chromosomes. In f i g . 23, page 29 > i s the d i s t r i - . 

bution of c e l l classes containing d i f f e r e n t numbers of t r i v a l e n t s . 

The d i s t r i b u t i o n i s not s i g n i f i c a n t l y d i f f e r e n t from a binomial 

In the examination of P.M.C's i n which a l l the. chromosomes could be 
counted at telophase I I , frequently the sum of the nuclear contents 

. came to 54-. In addition, no chromosomes were obviously l e f t l y i n g 
between the groups and hence i t vrould seem reasonable to expect a l l 
the chromosomes to be included into the pollen grains. However, 

only the examination of pollen mitosis would v e r i f y t h i s point. 
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F i g . 23. 

9o 

70 

u 

i 3o 

Zo 

to 

expected values 
where p t q > o S 

n ob t c rvcd values 
f—I k 

fit 1 I 
O I 2 3 /h 6 

Ho. of trivalents per cdl 

l i g . 24. DiakLnesis i n a natural 
•tetraploid 
1 r i n g quadrivalent 
1 rod quadrivalent 
3 r i n g bivalents 

11 rod bivalents 

F i g . 25. Diabinesis i n an induced 
tetraploid. 
2 ring quadrivalents 
1 rod quadrivalent 
5 rod bivalents 
7 ring bivalents 
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d i s t r i b u t i o n which indicates random pairing and chiasma formation 

between horaologues. 

Tetraploid meiosis 

Examination of t e t r a p l o i d meiosis showed the following points:-

1. Multivalent associations were regularly found i n between 65% and 

90% of P..M.C's examined at diakinesis and metaphase I . These were 

usually ri n g or rod quadrivalents, f i g s . 24 &- 25, page 29 and 

f i g s . 26 , 27 & 28, page 31 . They were regarded as homologous 

chromosome associations and not due to interchange heterozygotes f o r 

the following reasons:-

(a) Disjunction was always regular, ( f i g . 29, page 31) and only 

some of the quadrivalents showed the formation necessary fo r balanced 

disjunction i n translocation associations. 

(b) Up to four quadrivalent associations have been seen i n one 

c e l l . To account f o r t h i s either a high degree of chromosome homology 

or else several separate translocations or both must occur. Since no 

associations involving more than fovx chromosomes have been seen, 

the l a t t e r alternative seems unlikely. 

(c) The high degree of pollen f e r t i l i t y , normally over 95%, i s 

a f a r higher value than one would expect i n plants i n which a l l the 

multivalents were not orientated necessary f o r balanced disjunction. 

£able C , page 32 , gives the quadrivalent frequencies f o r a range of 

uild tetraploids and a r t i f i c i a l l y induced autotetraploids. The 
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P i g . 26. Diakinesis i n natural 
tetraploid 
1 r i n g quadrivalent 
1 rod quadrivalent 
6 r i n g bivalents 
8 rod bivalents 

F i g . 27. Het£^hase 1 i n a natural 
tetraploid 
1 ring quadrivalent with divei^ant 

o r i a i t a t i o n 
1 rod quadrivalent with divergent 

orientation 

F i g . 28. Metaphase 1 i n an 
induced tetraploid 
1 ring quadrivalent with 
linear orientation / 
1 rod quadrivalent with — • 

linear orientation 

F i g . iiy. T.'elopbase 1 i n natural 
tetraploid showing products of 
normal disjunction 
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quadrivalent frequencies are scored as the mean number of quadrivalents 

per c e l l . 

TABLE Q. • 

Quadrivalent frequencies i n d i f f e r e n t tetraploids 

Number of 
ce l l s 

analysed 

35 
30 
30 
80 
50 
30 
50 
30 
30 

Quadrivalents 
per c e l l 

i . a 
1.63 
1.37 
1.33 
1.66 
1.58 
1.48 
.78 
.67 

Source of ^ ^ t e r i a l 

Buxton 6, Derbyshire 
A2/3 Autobetraf>Socd 
A2/12 
A2/16 
I'M ham 1 
Fen End, Shropshire 
Central Bohemia 
Zagreb, Yugoslavia 
Southern Czechoslovakia 

I t i s obvious that the l a s t two continental plants have much 

lower frequencies of quadrivalents per c e l l than do the rest of the 

plants. The difference betvreen the quadrivalent frequencies f o r the 

Zagreb and A2/l6 plants was tested and foiind to be significant. This 

difference may be, associated with tajconomic differences since the 
'fi 

plants have some morphological differences to the B r i t i s h tetraploids. 

2. Pachytene pairing i s normal with apparently complete pairing along 

the whole chromosomes. The extreme length and number of the chrofnosome 

threads makes a f u l l analysis of 'incipient multivalent' pairing 

impossible. The centromeres appear to be f u l l y paired at pachytene. 

3. The mean chiasma frequency per plant varies between 23 and 28. 
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There seems to be a relationship between the mean frequency of quad­

riva l e n t s produced and the mean chiasma frequency of the plant 

concerned. See f i g . 30, page 34 . For the nine plants used the 

correlation between these two parameters was -062, p being =Q.05' 

What the significajice of a negative correlation between these parameters 

i s , seems d i f f i c u l t to elucidate and an examination of the factors 
t 

c o n t r o l l i n g multivalent formation w i l l be more conveniently carried 

out i n the discussion. I t must be pointed out that t h i s value i s 

only j u s t s i g n i f i c a n t and more data on t h i s point are required. I t 

does, however, raise ground f o r speculation. 

I n Table D i s shown the chiasma frequencies for a range of 

d i p l o i d , and t e t r a p l o i d plants. I t can be seen that generally the 

tetraploids have a chiasma frequency per chromosome someivhat less than 

that of the diploids. 

Tiriploids have not been included because' of the possible error 
of having underscored 'frying pan' configurations. 

if I t was discovered that f i f t e e n c e l l s were s u f f i c i e n t to accurately 
define the mean chiasma frequency fo r a plant. However, t h i r t y or 
more randomly selected ce l l s were necessary to define the mean 
quadrivalent frequency, since when only well spread preparations were 
analysed, these contained a higher frequency of multivalents than did 

a random selection of c e l l s . The size and characteristic shape of 
quadrivalents, made them easy to i d e n t i f y even i n poorly spread cells. 
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F i g . 53". Hexaploid diakinesis. 
Ring hexavalent indicated by 

arrow. 

F i g . 34. Late tetraploid 
diplotene, chiasmata are:.fairly 
terminal. Ring quadrivalent 
indicated by arrow. 
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analysed 

TABLE D 

Chiasma frequency f o r diploids and tetraploids 

Wo c e l l Gt^romo- ffean No. I-fean No. 
— ' some Chiasmata/ Ghiasmata/ 

count c e l l chromo some 

50 2n = 18 14..50 .806 
50 2n = 18 1A.S5 .825 
50 2n = 18 L4.60 .812 
75 gn = 18 13.20 .735 
50 2n = 18 L4.30 .795 
50 2n = 18 14.20 .789 
35 2n = 36 27.32 .758 
30 2n = 36 24.73 .686 
30 2n = 36 25.74 .716 
80 2n = 36 27.78 .772 

30 2n = 36 24.27 .675 
50 2n = 36 26.19 .728 
30 2n = 36 22.85 .636 
30 2n = 36 27.94 .777 
50 2n = 36 24.41 .679 

Bearpark 7, Co. IXirham 
Bearpark 10, Co. Durham 
Mklham Ibor 6, W.Iorks 
Loggerheads 6, F l i n t s . 
Festiniog, Caems. 
Aberdovey 9? tferioneth. 
Buxton 6, Derbyshire 
A2/3 ) a r t i f i c i a l auto-
A2/13) tetraploids pro-
A2/16) duced from 
material from Logger­
heads, F l i n t s . 

Fen End, Shropshire 
Central Bohemia 
Zagreb, Yugoslavia 
Southern Czechoslavakia 
l^lham, Yorks. 

4. No micronuclei could be found i n most plants examined but some 

were detected i n the a r t i f i c i a l autotetraploid A2/l6 and this' plant 

was subjected to a thorough analysis. Out of 300 pollen tetrads 

examined, 27 contained micronuclei, several being almost as large as 

the normal nuclei but most being extremely small. An analysis of 

50 P-M.-Cs at l a t e anaphase - early telophase revealed no lagging 

chromosomes and hence apparently normal disjunction. The reason for 

normal disjunction of quadrivalent chromosomes i s because chiasmata 

are terminal and r e l a t i v e l y few i n number, thus allowing f o r the 

e f f i c i e n t and regular separation of the chromosomes. As most of the 
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c e l l s were examined at diakinesis, i t i s not known what proportion of 

quadrivalents were orientated i n a linear or convergent fashion.' At 

metaphase I as i n f i g . 27, page 31) some of the quadrivalents were 

cer t a i n l y convergent. Instead of the normal d i s t r i b u t i o n of 18 

bivalents at each pole, three cel l s had 17 bivalents at one pole 

and 19 at the other. This must be a possible source of imbalanced 

gametes which could give r i s e to aneuploid plants. 

Examination of ce l l s at anaphase I I - telophase I I revealed the 

source of the micronuclei. A small proportion of the cells at t h i s 

stage had univalents l e f t l y i n g on the metaphase plates. S l i g h t l y 

l a t e r stages showed that these laggards were separated from the 

normal nuclei on formation of the tetrad c e l l walls. 

5. With the exception of a higher production of micronuclei indicating 

a s l i g h t meiotic unbalance, the eight a r t i f i c i a l l y induced autotetra-

ploids examined "were i d e n t i c a l i n chromosome pairing and chiasma 

production to a l l natural tetraploids examined - a fact of considerable 

importance. 

6. There was no evidence of i n t e r s t i t i a l chiasmata or configurations • 

•resulting from multiple chiasmata. This leads to the conclusion that 

some mechanism i s vrorking which i s l i m i t i n g the production of 

chiasraata to one per chromosome arm. 

7. There was a low frequency of t r i v a l e n t s and univalents, a fact 

which adds to the high f e r t i l i t y of te t r a p l o i d plants. The possible 

reasons f o r such low frequencies w i l l be discussed l a t e r . 
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Hexaploid meiosis 

The meiosis of several hexaploid plants of continental o r i g i n 

showed the following points:-

1. Maltivalents were produced and these were generally hexavalents 

or quadrivalents, but rarely both ( f i g . 33, page 34). A maximum 

of tijD quadrivalents was foimd i n any one c e l l . I t could not be 

ascertained whether the multivalent production was caused by chromo­

somal homology or by interchange heterozygosity. 

2. A l l the remaining configurations were rod or ring bivalents. 

3. Telophase I counts indicated that normal disjunction occured at 

anaphase I . 

4.. Chiasmata were terminal at metaphase I , and there was no evidence 

of i n t e r s t i t i a l chiasmata or configurations resulting from multiple 

chiasmata. 

Discussion 

I t i s apparent that somatic chromosome morphology does not give 

a r e l i a b l e insight to genome i d e n t i t y . This i s due i n part to the 

v a r i a b i l i t y with which the chromosomes present themselves \inder the 

microscope and also due to s l i g h t genuine changes i n morphology. 

Recognition of similar patterns of variation between populations i s 

consequently a hazardous and time-consuming process. The evidence 

suggests that chromosome s i m i l a r i t i e s exist betvreen d i p l o i d populations 

of B r i t i s h plants and between te t r a p l o i d populations. There i s some 

small v a r i a t i o n i n chromosome morphology between d i p l o i d and tetraploid 
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populations indicating a t least p a r t i a l genome'differences. The 

large number of morphologically id e n t i c a l chromosomes present i n both 

polyploid levels confirm that similar chromosome morphology does not 

imply chromosomal homology - usually a basic tenet of karyotype analysis. 

Heteromorphic pairing i n d i p l o i d plants probably results from out­

breeding betvjeen populations with s l i g h t chromosomal differences, of 

a degree which i s i n s u f f i c i e n t to affect the efficiency of forming 

chiasmate associations. Unless selected against, cytological 

heterozygosity of t h i s nature i s l i k e l y to remain \d.thin a population 

since chiasmata are confined to the ends of the chromosomes. Thus, 

s t r u c t u r a l recombination only occurs near .the end of the chromosomes 

and leaves a long pericentric length of chromatin unchanged. Such l i n k ­

age groups can accumulate both gene and chromosome mutations and 

contribute immensely to the retention of successful genetical sequences 

wit h i n populations without danger of the sequences being s p l i t up by 

recombination. This i s a situation analogous to that postulated i n 

Anthoxanthum odoratum, Jones, K. (1964). 

The presence of some certain disomic chromosomes i n te t r a p l o i d 

populations r e f l e c t s either establishment of homozygosity by auto-

polyploidy or hybridisation at some stage i n the evolution of the 

populations concerned. I t i s tempting to suggest the former course 

when Group 4 chromosome varia t i o n i s examined. See Appendix V page16 8 . 

The v a r i a t i o n of these chromosomes i s identiceil to that expected i f the 

tetraploids concerned had arisen from a population heterozygous for the 
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marker chromosome. 

The use of chromosome pairing behavioiir, and frequency analysis 

of various chiasmate associations f o r detecting genomic differences 

between closely related taxa, are hazardous tasks, since observed 

differences may be an expression of gene differences rather than 

genomic, a point appreciated by Jones and B b r r i l l (1962). The 

control of pairing behaviour and chiasma formation by single or 

closely linked genes has now been well established, '.Riley, Chapman 

and Kimber (1959), Retss (1961),. and unless a pattern of relationship 

between chiasma frequency and frequency of different chiasraate 

associations can be established, then meiotic differences between 

organisms are open to misinterpretation as being due to genomic 

differences and not genie or vice versa. 

Quadrivalent formation i n the tetraploids indicates a higher 

degree of chromosomal homology than would be expected from plants of 

completely allopolyploid o r i g i n . However, when the frequencies of 

.quadrivalents produced are compared to the values obtained i n species 

of known autoploid o r i g i n by other workers, there seems to be a consider­

able reduction i n the observed values (see Table e , page 41). The 

exception to the other values i s that of Oksala's, (1952) who noted 

21.2% of the chromosomes bocured.;. as quadrivalents i n spontaneously 

produced spermatocytes i n a dragon-fly species. The immediate 

conclusion i s to regard Chrysanthemum leucajithemum L. as a segmental 

a l l o t e t r a p l o i d species, v,'Stebbins (1950),, exhibiting p a r t i a l genome 



40. 

homology. The information from newly synthesised autotetraploids, 

however, does not confirm this idea and Fig. 32, page 42, shows the 

frequency d i s t r i b u t i o n of c e l l s containing various numbers of quad­

ri v a l e n t s from eight a r t i f i c i a l tetraploids, natural tetraploids and a 

single a r t i f i c i a l t e t r a ploid for which there was s u f f i c i e n t data. 

The dist r i b u t i o n s are not s i g n i f i c a n t l y d i f f e r e n t from each other or a 

binomial d i s t r i b u t i o n where p and q are 0.27 and 0.73, respectively. 

McGollum (1958) regards a binomial d i s t r i b u t i o n as being indicative of 

a si t u a t i o n i n which the probabilities of quadrivalent formation are 

the same fo r each set of four chromosomes i n a c e l l and for each 

c e l l i n the organism concerned. 

H a l l (1955) using data taken from the l i t e r a t u r e demonstrated 

that chromosome pairing i n hybrids between closely related species 

i s uniform from one set of chromosomes to another but i n hybrids of 

unrelated species i s not uniform and therefore, does not correspond 

to a binomial d i s t r i b u t i o n . On this basis the Chrysanthemum data 

would f i t a sit u a t i o n where there i s non. hybridity, and hence an 

expectation for quadrivalent formation by chromosome sets. Some factor,, 

other than lack of homology, i s l i m i t i n g the production of quadrivalents and 

forcing the quadrivalent frequency d i s t r i b u t i o n towards the zero end 

of i t s spectrum. 

The s i m i l a r i t y of pairing behaviour i n natural and induced t e t r a ­

ploid Chr.ysanthemum leucanthemum L. and the apparent cytological d i f f e r ­

ences between these plants and other autotetraploid-like species warrants 

an examination of the factors involved i n chromosome pairing i n an 

autotetraploid. 
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The formation of a quadrivalent rather than tvro bivalents', a 

t r i v a l e n t and one univalent or four univalents from a set of four 

homologous or p a r t i a l l y homologous chromosomes i s dependent on (a) a t 

least one change of pairing partners during pachytene by at least one 

of the chromosomes (b) the formation of s u f f i c i e n t chiasmata to 

maintain the pairing configurations. The following generalisations 

can be made about the pairing processes of Chrysanthemum leucanthemum L. 

chromosomes. (a) The chromosomes are a l l approximately the same size 

and have more or less metacentric centromeres. This means on face 

value that probably each chromosome arm i s j u s t as l i k e l y to pair and 

form chiasmata as any other, unlike the situation found by John and 

Henderson (1962) i n t e t r a p l o i d spermatocytes of Schistocerca paranensis^ 

where the longer chromosomes formed more chiasmata and hence quadrivalents 

than did the shorter ones. (b) The lack of i n t e r s t i t i a l chiasmata 

or configurations resulting from multiple chiasmata implies that a 

mechanism l i m i t i n g chiasmata to one per chromosome arm i s operating. 

In terms of the pairing block concept, (Darlington and Ifether, (1932), 

Darlington (1937), Klindsii^dt (1937),) t h i s might be interpreted as 

r e s u l t i n g from the i n i t i a t i o n of pairing at only a single point i n any 

one chromosome arm, i.e. each arm forms a single potential pairing 

block. Oksala (1952) and McCollum (1958) have postulated a similar 

mechanism i n the t e t r a p l o i d organisms that they v/ere studying. In 

Chrysanthemum leucanthemuin L. diplotene observations show that the 



chiasmata are f i r s t evident close to the chromosome ends, i n most 

instances situated about two-thirds of the iifay along the chromosome 

arm from the centromere. See f i g . 3Aj page 34. I t i s interesting 

to note that the one chiasma per arm mechanism breaks down i n the 

t r i p l o i d hybrids as evidenced by 'frying pan' and 'y' t r i v a l e n t s . 

The precise correspondence between the number of chiasraata formed and 

the number of linked chromosome arms means that theoretical models of 

chromosome pairing and chiasma formation can be easily developed 

and used to compare observed values f o r chromosome configurations 

with the expected. Ghajiging the mechanics of the models employed to 

derive a better f i t to the observed data can be helpful i n elucidating 

the processes involved i n meiotic division. 

Durrant (I96O) has developed a mathematical model fo r comparing 

the chromosome association frequencies observed against the frequency 

of associations expected,assuming that they arise from the random 

formation of chiasmata between each set of four homologous chromosomes 

i n an auto-tetraploid. From four chromosomes the f i v e possible types 

of association f o r any given chiasma frequency P can be calculated 

from the formulae given. As Durrant (I960) points out when calculatijig 

the expected chromosome associations f o r any given organisms, the 

value of P cannot be derived from the observed mean chiasma frequency 

and some assessment of l^he variance of P has to be taken into account. 

In Table P , page 45 , are the expected association frequencies 

calculated f o r various values of P. 
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TABLE F 

•Expected association frequencies calculated for various values of P. 

31. Wo 63.13% 
5.5%' 34.25^ 58.92$^ 
6.84^ 39.14'/ 52.L4% 
8.33% 44.44^ 45.55^ 
9.20^ 47.39^ 39.96^ 

11.01% 53.02% 30.87% 
12.96% 58.51% 20.96% 
U.92% 64.55% 9.30% 

From t h i s table the expected association frequencies were calculated 

f o r one induced and one natural t e t r a p l o i d plant and compared with 

the observed frequencies. Tiie d i s t r i b u t i o n of P i n Chrysanthemum 

leucanthemum L. i s unimodal and f i t s a normal d i s t r i b u t i o n . 

^Mham t e t r a p l o i d 1 

i f f - 212) ^ 

Chiasmata p 1(2) ^ 
ner c e l l 2(1) 

33 3.66 .89% 
31 3.44 1.26% 
29 3.22 1.87% 
27 3.00 2,78% 
26 2.88 3.4A% 
24 2.66 5.10% 
22 2.4^ 7.57% 
20 2.22 11.23% 

Expected 5.3% 10.8% 49.5% 34-4% 
Observed 1% 80.7% .1% 18.2^ 

F l i n t s h i r e autotetraploid 16 

Expected 2.8% 8.9% 40.0% 48.0% 
Observed 0% 85.1% .1% U.8% 

The differences between the observed and expected values f o r 

Durrant's model are highly s i g n i f i c a n t . John and Henderson, (1962) 
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have c r i t i c i s e d t h i s model on the basis of the high t r i v a l e n t and 

univalent frequency expected by i t . Most published data (see Table H 

page 47) have a negligible frequency of t r i v a l e n t s and univalents 

and a higher frequency of bivalents and quadrivalents than would be 

expected according to Durrant's model. They proposed an alternative 

model based not on random, but p a r t i a l obligatory pairing between 

homologous chromosomes. Their diagram o u t l i n i n g • t h i s model i s 

reproduced i n f i g . 35, page 48 . Independently, a similar model to that 

of John and Henderson, was developed at Durham. I t had two alternative 

pairing patterns to i t , version t\io being i d e n t i c a l to that of John 

and Henderson, and version 1, d i f f e r i n g i n that the second chiasma 

to be inserted into any homologous set could occupy aiiy one of'the 

four•remaining possible positions on a one chiasma per chromosome arm 

basis. This i s shown i n f i g . 36, page 48 . The t h i r d chiasma to be 

inserted i s obliged to occupy one of two positions and the fourth has 

no alternative. The two alternatives were reproduced i n an E l l i o t 803 

computer by simulating meiotic prophase using 9 homologous sets of 

chromosomes and observed distributions of P. F i f t y metaphase I cells 

were analysed, t h i s sample size being considered large enough to 

characterise the d i s t r i b u t i o n of P. The computer approach was adopted 

since the individual processes involved were much easier to comjeive 

i n terras o f physical rearrangement inside a computer than i n mathematical 

formulae expressing such manipulations. The programmes and data p r i n t ­

outs are given i n Appendix VI page 169 . 
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The Table below gives the expected values f o r the two versions 

and observed values f o r the plant from which the P d i s t r i b u t i o n was tkken. 

TAHLK Gr Univalents .Bivalents Trivalents Quadrivalents 

Version 2 5% A5.7% 0% 
Version 1 6.A% 40.2% 4.'.95§ AS.5% 
Observed ' .03^ 85.1^ .07^ 14. S% 

The following points arise:-

(a) Neither version f i t s the observed data well but both would 

approximate to published data i n other species. 

(b) Version 2, similar to that of John and Henderson (1962), w i l l 

always give a zero value f o r t r i v a l e n t frequency, a point which i s 

not normally realised i n nature where a low but consistent production 

i s usual. 

Version 1 appears to f i t other data better f o r a l l chromosome 

classes. I n the table below t h i s model is compared to McCollum's 
1*- • 

(1958) data on the induced tetraploids of subspecies lusitanica, 

.juncinella and ibizensis of Dactylis glome rata. 
TABLE H Univalents Bivalents Trivalents Quadrivalents 

Version 1 6.A% AO.2% 4.9/i A9.U% 
D. glomerata 
s.sp. lu s i t a n i c a 2.3?o- 39.2% 2.8% 55.5% 
S.ST3. .iuncinella 2.75^ 4-2.7% 2.0^ 52.G% 
3. sp. ibizensis 1.1^ 45.756 1.156 52.1% 

Considering that the e3q)ected values have been worked out using 

a d i f f e r e n t d i s t r i b u t i o n of P from the one i n Dactylis glomerata, the 
CorrespondeACe 
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4*-

A' 

(I) 

-B' 
< 
-B" 

A' 
<^ A^-

m 
-ffU-
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-B' 

Fig. 61. Simplified modul iiulieatiiig how obligatory pniiing for all chromosome ends in ii 
syetom of four homoloeiics in a tutraploid cell will give rise to oaly two types of chroinosonie 
association — quadrivaleuts and bivalcnts. The former will be formed twice as commonly 
as the latter in sudh 0 system, i) The four homologues, A^B^—A'B'. ii) Pairing betv •̂eeIl 
any two ends, e.g. . 4 ' J ' , automatically makes pairing for the other two (J'J') obligatory, 
iii) With the four A ends paired, any one B end, e.g. B' may pair with any of the other three 
ends (B'—B'). iv) The same as iii), opened out to clarify the pairing relationships. If /(' 
pairs with B', then B' can only pair with 7>", and two bivnlcnts will result. However, If 

B' pairs with either or B', a quadrivalent will be formed 

Eig. 35. Yersion 2. Chromosome pairing 
scheme after Henderson and John. 

A4ASA1A1 

2. i i 

A4A3AJ Ai 

3. i i i t 

F i g . 36. Version 1. The f i r s t chiasma i s 
inserted i n AX-A2. Subsequent chiasmata 
can occupy any other possible location as 
shown i n (3) 
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between the observed and expected i s acceptable. 

The reduction i n quadrivalent and increase i n bivalent frequency 

i n Chrysanthemum leucantheraum L. from the expected i s more d i f f i c u l t 

to i n t e r p r e t , but could be explained on the following basis. Slight 

s t r u c t u r a l differences between homologous chromosomes i n the d i p l o i d 

state could res u l t i n preferential pairing upon induction of t e t r a -

ploidy. I t seems reasonable to postulate changes-in pairing behaviour 

rather than i n d i f f e r e n t i a l chiasma formation. At the t e t r a p l o i d l e v e l , 

such differences could be maintained by continued outbreeding and 

mutation within the pericentric linkage groups (page 38). I t i s not 

necessary to invoke a concept of evolution towards diploidisation 

at the t e t r a p l o i d l e v e l since newly induced tetraploids immediately 

exhibit an ide n t i c a l reduction i n quadrivalent frequency. Oksala 

(1952) has suggested a similar reduction i n quadrivalent frequency 

i n the edonata, but on d i f f e r e n t grounds. In the diploids of these 

organisms there i s chiasma interference across the centromere resulting 

i n only rod bivalents being formed. I n the tetraploid segments of 

testes exhibiting quadrivalent production and hence chiasmata formation 

on each side of the centromere, he suggests that there has been a break 

down of chiasma interference across the centromere due to incomplete 

pachytene pairing i n the centromeric region. Oksala states that 

where pachytene pairing i s complete than normally only one chiasraa 

per chromosome pair 'is formed, the f i r s t one being obligatory and 

subsequent ones being formed only where centromere pairing i s incomplete. 
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The l a t e r case i s the only situation under which quadrivalents could 

arise. 

This theory does not apply to Chrysanthemum leucanthemum L. since 

there i s no evidence of chiasma interference across the centromere and 

pachytiene pairing appears to be complete. 

The concept of a f i r s t obligatory chiasma stated e x p l i c i t l y by 

Owen (1949) seems to be applicable to most pairing analyses. He says -

"the f i r s t chiasnato be formed i n a chromosome pair, being a necessity 

for bivalent formation i s not on equal footing with chiasmata formed 

l a t e r . " When one compares quadrivalent frequency i n cells of low 

chiasma frequency against quadrivalent frequency i n cells of high 

chiasma frequency taken from the same plant then surprisingly there 

does not appear to be a much higher frequency of quadrivalents i n the 

l a t t e r class than i n the former, the difference being expressed 

p r i n c i p a l l y i n frequency changes of ring and rod bivalents. Also 

there i s not a higher frequency of univalents and tr i v a l e n t s i n the 

lovf chiasma class. This implies that a l l chromosome pairings receive 

at l e a s t one chiasma i n i t i a l l y and there could v;ell be coTipetition f o r 

the remainder, a point which has been developed by Basak and Jain (1963) 

i n Delphinium. 

Pairing i n the t r i p l o i d hybrids shoivs quite d e f i n i t e l y that 

similar chromatin material exists i n both d i p l o i d and tet r a p l o i d plants. 

An important fact a r i s i n g from the examination of t r i p l o i d pairing i s 
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that i d e n t i c a l pairing behaviour i s exhibited by three d i f f e r e n t 

hybrid types, a l l involving B r i t i s h d i p l o i d and continental t e t r a p l o i d 

parents from d i f f e r e n t l o c a l i t i e s indicating that genie divergence, 

evidenced by external morphological differences of the parents, has 

not been accompanied by differences i n pairing properties of the 

chromosomes concerned. The fact that the only hybrids that could be 

established involved plants from d i f f e r e n t parts of Europe i s of 

int e r e s t f o r i t may indicate that incompatibility mechanisms exist 

amongst plants from the same region. Too much emphasis should not be 

read i n t o t h i s , as i t i s based on only three successful hybridisations. 

The cytological i n s t a b i l i t y of t r i p l e i d hybrids, 862/3 ~* 462/1 i s 

probably caused by some cytoplasmic unbalance. Rees, (1958) has 

described a similar case i n S c i l l a v;here d i f f e r e n t i a l chromosome 

contraction •was observed between long and short chromosomes. The 

d i f f e r e n t i a l behaviour of the chromosomes involved i n the Chrysanthemum 

leucantfaemum L. hybrids might well result from di f f e r e n t responses of 

the two composite genomes. The evidence from metaphase I I counts i n 

t r i p l o i d s indicates that the frequency of pollen types with d i f f e r i n g 

numbers of chromosomes i s following a binomial d i s t r i b u t i o n indicating 

random disjunction, a fact noted by lanney-Wilson (1959), Avera (1954) 

Jones and B b r r i l l (1962) and numerous other authors. I t seems most 

l i k e l y that bnly/ithe f e r t i l e pollen grains are going to correspond to 

the ffiuploid numbers and on a binomial d i s t r i b u t i o n the expectancy of 

these would be negligible. Satij^a and Blakeslee (1937) working with 
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t r i p l o i d Datura stramonium found considerable pollen f e r t i l i t y through 

the production of fa r greater numbers of euploid gratVe than expected. 

3Jhey a t t r i b u t e d t h i s to the non random orientation of tr i v a l e n t s at 

metaphase I . There i s no evidence f o r a similar mechanism i n t r i p l o i d 

Ghrysanthemxm leucanthemum L. Q. Kay (personal communication) has 

successfully backcrossed t r i p l o i d Tripleurospermum maritimum (a not 

too d i s t a n t l y related genus) to d i p l o i d and te t r a p l o i d parents 

indicating that the t r i p l o i d s have p a r t i a l f e r t i l i t y . Personal 

attempts at backcrossing t r i p l o i d s to t h e i r parents have a l l f a i l e d 

but t h i s may be a consequence of an i n s u f f i c i e n t number of attempts 

to achieve success. Jones and B b r r i l l (1962) consider the s l i g h t 

t r i p l o i d f e r t i l i t y of Dactylis glomerata to be of great evolutionary 

consequence i n maintaining a gene flow between diploid and tetr a p l o i d 

levels and i n the Iridaceae exemplified by the genus Sysyrynchium, 

Ingram (personal communication) and Gladiolus, Jones and Bamford (1942), 

Hamilton .(p.ersonal communication), hybridisation between polyploid levels 

has broken down discontinuities between the o r i g i n a l parents. 

I n Chrysanthemum leucanthemum L. gene flow between di p l o i d and 

t e t r a p l o i d levels by means of an intermediate hybrid i s problematic 

since t r i p l o i d s have never been discovered i n nature. D a n i e l l i and 

Zohary (1961) discovered seven t r i p l o i d s i n an examination of 4>000 

plants from a population of Dactylis glomerata. I t seems l i k e l y , i n 

view of the d i f f i c u l t i e s of hybridising d i p l o i d and te t r a p l o i d 
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Chr7/"santhemum_ leucanthemum L. that the occurrence of natural t r i p l o i d s 

i s either going to be negative or on a comparable scale of r a r i t y as 

i n Dactylis. Whilst such hybrids may have a small contribution to 

make to possible gene exchange between ploidy levels, the most 

probable sour.ce .of gene flow i s by the production of unreduced gametes 

by d i p l o i d plants. .Evidence that such an undirectional gene flow 

could occur i s presented elsewhere. Chapter ̂  , page I3I . 

Conclusions 

The evidence suggests that Chrysanthemum leucanthemum L. i s a 

species i n which successful polyploidisation to the tetraploid level 

has been achieved by simple genome reduplication. I t i s thought 

that hybridisation between widely d i f f e r e n t d i p l o i d races has not been 

a necessary corollary to the o r i g i n of tetraploids and that induction 

of polyploidy has not. been a mechanism f o r regularising jneiosis.. The 

d i p l o i d plants which gave r i s e to the .tetraploid races were genetically 

similar to existing d i p l o i d stocks. In the sense that the putative 

d i p l o i d stocks involved probably exhibited complete bivalent pairing 

and f e r t i l i t y , then the tetraploids produced can confidently be 

regarded i n cytological terms as having had an autoploid o r i g i n . 

Geneticailly, however, the tetraploids are probably not tetrasomic at 

each locus and hence i n terms of gene content should be regarded as 

segmental allopolyploids, St^bbins (1950). Diagrammatically t h i s i s 

expressed over the page. 
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A* A putative d i p l o i d ancestor v/ith complete 
chromosome pairing and f e r t i l i t y . 

A' A' AA segmental a l l o t e t r a p l o i d exhibiting 
pref e r e n t i a l pairing. 

The outbreeding behaviour of the species and the introduction of 

chromosome variants from d i f f e r e n t populations has probably obsciired 

the morphological i d e n t i t y of chromosome homologues. 
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GEOGRAPHICAL AHP ECOLOGICAL VARIATION IN GHMSANTHEMIM 
LSUGANTHEMOM L. 

S E I g U LATO 

flhryaapthenmia leaoanthammn L. ssnsu lato has a north t«nq̂ rat« 

distribution and i s found on both the Aoerioan and Surasian land 

masses. Tha southern l i o i t s ef the aggregate i n H. America appear 

to he the oi(^VB8tem states where the plants have nussrically 

reached peat proportions* and the farmers there are expected to uproot 

and bum the plants under threat of fine. In Europe the southern 

l i o i t s are defined hy the Moditerranean basin and i n Asia bgr the 

Pamix^Hiiaali^ran mountain chain. The eastern l i o i t s ef the aggregate 

are most d i f f i c u l t to ascertain but i t certainly stretches as far 

east as Irkutsk from where the type specimen ef C. ireutianua Turca.} 

probably flTnenymous with part of Ghrysanthemua leugantheaBm L., was 

f i r s t described. In both Keith America and Europe .tĥ  northern limits 

appear to be confined within the latitudes B&u and 7(fN respeotiTely. 

The oytotype distribution map shown on page 5^ f i g . 37 , i s based 

upon approximately 300 l o c a l i t y counts taken from the literature and 

our own work* the l a t t e r being given i n Appendix I , page • I t can 

be seen that diploid and tetraploid plants are syapatrie ever most ef 

Europe with diploid^ tetraploids and hexaploids being sympatric i n the 

alpine regions &f central Europe. MEilligan*s (1958) work shews that 

diploids and tetraploids are found i n North America. Favarger (1959) 

Qaksay (1957), Skalinska et a l (1961, 1963, 1964) and I^varger and 

V i l l a r d (1965, 1966), have carried out extensive studies within small 

geographical regions i n central Europe and have shown the following 

points*-
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GEOGRAPHICAL MSP ECOLOGICAL VARIATION GHIffSAlvlTHEI-iW 
LEUCAÎ THEI'TOl L. 
SENSU LATO 

O^rvsanthemum leucanthemum L. sensu lato has a north temperate 

d i s t r i b u t i o n and i s found on both the American and .Eurasian land 

masses. The southern l i m i t s of the aggregate i n N. America appear 

to be the mid-western states where the plants have numerically 

reached pest proportions, and the farmers there are expected to uproot 

and bum the plants under threat of fi n e . I n Europe the southern 

l i m i t s are defined by the Mediterranean basin and i n Asia by the 

Pamir-Himalayan mountain chain. The eastern l i m i t s of the aggregate 

are most d i f f i c u l t to ascertain but i t certainly stretches as far 

east as Irkutsk from where the type specimen of C. ircutianum Turcz._^ 

probably synonymous with part of Chrysanthemum leucanthemum L., was 

f i r s t described. In both North America and Europe iih&. northern l i m i t s 

appear to be confined within the latitudes 60°li and 70°N respectively. 

The cytotype d i s t r i b u t i o n map shown on page 56, f i g . 37 , i s based 

upon approximately 300 l o c a l i t y counts taken from the l i t e r a t u r e and 

our oT/Jn work, the l a t t e r being given i n Appendix I , page /3^. I t can 

be seen t h a t d i p l o i d and t e t r a p l o i d plants are sympatric over most of 

Europe with d i p l o i d , tetraploids and hexaploids being sympatric i n the 

alpine regions dxt central Europe. Milligan^s (1950) work shows that 

diploids and tetraploids are found i n North America. Favarger (1959) 

B'aksay (1957), Skalinska e t a l (1961, 1963, 1964)-and Favarger and 

V i l l a r d (1965 > 1966), have carried out extensive studies within small 

geographical regions i n central Europe and have shown the following 

points{-
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(a) Isolated, d i p l o i d populations are foiind i n high alpine l o c a l i t i e s . 

(b) Tetraploid populations are nearly always subalpine and usually 

confined within the l i m i t s of cu l t i v a t i o n i n Switzerland, Poland and 

France. Favarger and V i l l a r d (1965) state that i n the Tyrol and 

Pyrenees, Chrysanthemum ircutianum Turca. grows i n natviral h a b i t a t , 

where, i n Switzerland, ofae expects to f i n d the hexaploid chromosome 
the 

race. They a t t r i b u t e t h i s finding to absence o:^hexaploid race i n 

those regions. 

(c) Diploid populations with some morphological differences from the 

alpine plants are found i n similar ecological conditions to the t e t r a -

ploids. 

(d) Hexaploids have a wide ecological tolerance, with the greater 

majority of plants being found above 700 metres. 

Vij own work has shown that i n the B r i t i s h Isles, Chrysanthemum 

leucanthemum L. has a d i s t r i b u t i o n with certain s i m i l a r i t i e s to the 

continental situation outlined above. Diploid and tet r a p l o i d populations 

are present and up to now no higher polyploid populations have been 

found. This is shown i n f i g . 38 page 5 8 . An ar b i t r a r y d i s t i n c t i o n 

has been made between natioral and disturbed communities, t h i s being 

based upon an assessment of whether the populations sampled were found 

i n habitats which have resulted from intervention by man. 

The following points emerge:-

(a) Diploid populations are the only cytotypes found i n "natural" 

habitats. 
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(b) Both d i p l o i d and t e t r a p l o i d populations are found i n disturbed 

habitats, and indeed some populations have proved to be a mixture of 

the two cytotypes. The overall correlation of diploidy vath 

" n a t u r a l i t y " of habitat i s + .46 which i s s i g n i f i c a n t at the 1% level. 

I t might be convenient to consider i n d e t a i l the habitat and 

community characteristics of stations sampled i n Great B r i t a i n . 

'Natural^ Habitats 

1 . Sea c l i f f habitats Isolated d i p l o i d populations of Chrysanthemum 

leucanthemum L. have been found i n Cornwall and North Western 

England and V/ales, frequently growing on exposed promontories. These 

include The Lizard, Great Orme and Humphrey Head, figs.3 9 page 60 . 

A. coiimion feature of these l a s t named l o c a l i t i e s i s the high s o i l pH 

as indicated by t h e i r species content, l i s t s of which are given i n 

AppendixVUlpage//^. Coombe,and Frost, (.1955) record a pH of 6.0 to 

7 . 0 f o r the s o i l overlying the serpentine on the Lizard. Conversely, 

a low calcium status prevails. Steele (1955) has shown that magnesium 

replaces calcium as a principle exchange cation on serpentine soils. 

The Great Orme and Humphrey Head are Carboniferous Limestone headlands. 

The vegetation of the Lizard l o c a l i t i e s corresponds to a Southern-

oceanic Heath Type, Tiansley ( 1 9 3 9 ) , and i n t h i s respect resembles the 

other c l i f f top l o c a l i t i e s of Cornwall and Pembrokeshire sampled. 

Characteristic vegetative components are Ulex g a l l i i . Ulex europaeus, 

Calluna vulgaris, Erica cinerea, and at times, Erica vagans, a l l of 

V7hich Chrysanthemum leucanthemum L. has to compete against, f i g . 4 0 page 60 
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ffig. 3 9 . HuiH)hrey Head, Westmorland. 
Chrysanthemum leucanthemum, Seranium 
sanguineum and Armeria maritima. 

Fig. 40. Lizard Cornwall. Ulex g a l l i i 
mixed heath. 
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On the serpentine l o c a l i t i e s of the Lizard there i s a vegetational 

t r a n s i t i o n from the f r o n t to the rear of the c l i f f associated with a 

decrease i n exposure i n which the dominant procumbent species of 

Festula ovina, stunted Calluna vulgaris, Mnuartia verna, and Armeria 

maritima give way to Erica vagans, Ulex" g a l l i and Ulex europaeus. These 

communities are i d e n t i c a l to the ones described by Coombe and Frost 

(1955) which- they aptly name Fe^tuca ovina-Calluna Heath or rock heath 

and Erica vagans - Ulex europeaus heath or mixed heath. Chrysanthemum 

leucanthemum i s a constant component of both communities and has 

adopted I t s e l f i n an interesting fashion to the d i f f e r e n t environ­

ments. On the rock heath, the species has adopted a dwarf habit and 

even when flowering, plants of only t\io to three inches i n height are 

common as opposed to the normal flowering height of about 18 •- 2o inches.' 

Another species occasionally found on -the rock heath vrtiich has also 

adapted i t s e l f to the exposure i s Sarothamums scoparium ssp. prostratus. 

Although of small stature, majiy of the Chrysanthemum leucanthemum L. 

plants found appeared to be f a i r l y extensive, and, one must assume, 

have reproduced clonally f o r several years at least. Coombe and Frost 

(1955) point out that about o n e - f i f t h of the species composing rock 

heath communities are either annual or biennial. This must result i n 

* The rock heath plants were flowering at the end of A p r i l i n 1966 
and although the mild winter and spring of 1966 and the southern 
l a t i t u d e may p a r t i a l l y account f o r t h i s , such precocious flowering, 
preceding the normal flowering time of the species by some three to 
four weeks i n the south of England, must be regarded as exceptional. 
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a high turnover of individuals and although at any one time the heath 

presents a closed sward, many small seedlings of Chrysanthemum 

leucanthemum L. can be found, indicating a high rate of reproduction 

by sexual means. I n an environment where selection pressures must be 

both f l u c t u a t i v e and extremely rigorous, such a f l e x i b i l i t y i n 

reproductive processes must give Chrysanthemum leucanthemum L. a 

good chance of survival. An interesting point of comparison i s that 

although the 'rock heath', form of Chrysanthemum leucanthemum L. has a 

vast l y reduced l e a f area and hence reduced photosynthetic and trans­

p i r i n g areas, there i s l i t t l e or no associated reduction i n the size 

of the flower heads or number of f l o r e t s per capitulum. This i s 

shown i n f i g . 41 page 63 , where plants taken from the rock heath were 

grown i n the botanic garden under controlled conditions. The results 

showed that the plants retained some of t h e i r characteristics, indicating 

that the 'rock heath' plants are probably good ecotypes' i n the sense 

of Turesson (1929). To be d e f i n i t e on t h i s point one would r e a l l y 

require a f u l l year's grovrbh i n the Botanic garden, the growth period 

of the experiment mentioned being confined to one summer only, over 

which time there could s t i l l be some carry-over effect from the 

o r i g i n a l environment. 

The Chrysanthemum leucanthemum L. plants growing i n the mixed 

heath are much t a l l e r than t h e i r rock heath counterparts. This i s due 

to t\-io reasons which are to some extent related. 

1. The vastly reduced exposiire permits t a l l e r growth. 
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2 . Taller growth i s a necessary requisite f o r competition against the 

'bushy' heathers and gorse which predominate i n the rock heath veget­

ation. 

I n some areas there are t r a n s i t i o n zones between rock heath and 

mixed heath communities i n which patches of Ulex europeaus and Erica 

vageins give vra.y to open areas predominantly of a Festula ovina sv/ard, 

containing the dwarf Chrysanthemums. Near Gunwallo Church Cove, rabbit 

grazing has kept open certain areas of 'mixed heath' vegetation, so 

that l i t t l e shelter i s afforded to herbaceous plants. Here also, 

dwarf forms of Chrysanthemum leucanthemum L. can be found grovang 

next to t a l l e r plants, f i g s . 42 and 43 , page 65 . The possible out­

breeding of the species and the close proximity of the two types must 

at times result i n gene flow between them; t h i s raises the question of 

the s t a b i l i t y of such populations, and whether they can be regarded as 

polymorphic, i n the sense of Ford (1953). Old records indicate that 

the dwarf form of Chrysanthemum leucantheroum L. occiirs at several places 

along the Cornish coast and hence must be regarded as vndespread, and\ 

not j u s t a pecularity of the Lizard populations sampled. Plantago 

coronopus var. pygmaea i s s i m i l a r l y widespread i n exposed situations 

and occurs frequently i n Cornish c l i f f habitats. 

The remaining c l i f f sites sampled had a f l o r a vrtiich contained 

some of the common and a few of the rarer limestone species of Horthern 

England and should perhaps be f l o r i s t i c a l l y grouped vath the next type 

of ' n a t u r a l h a b i t a t to be examined. 
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F i g . 4 2 . Dirarf forms of Chrysanthemum leucanthemum 
with Plantago coronopus, Sedum acre, Leontodon autaaDalls. 

J'ig. 4 3 . A variety of growth forms of Chrysanthemum 
leucanthemum collected from the same population. 
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2. Limestone escarpment habitats Populations 6f Chr.ysanthemum 

leucanthemum L. have been found on rock ledges at altitudes of between 

50,0 feet and 1,500/ on the North Lancashire, F l i n t s h i r e and Mendip. 

limestone. Usually the plants grow i n s i t i & t i o n s where they are not 

subject to grazing by sheep, and are frequently found above the tree 

l i n e or on open c l i f f faces. On the North Lancashire limestone the 

tree l i n e has been a r t i f i c i a l l y depressed by man by forest clearance, 

probabljr to produce larger areas suitable f o r sheep grazing. The 

population at Malham Tarn, although of compact size, has a few plants with 

enormous rooting systems indicating a l i f e span of at least several 

years. This limestone pasture d i s t r i b u t i o n i s similar to that of several 

species, notably Helianthemum canum. (L) Baumg., G-eranium sanguineum L. 

and Minuartia verna (L) Hiern. This l a t t e r species also occurs i n one of 

the Lizard communities sampled. On the basis of t h i s , one might predict 

that "the species should occur on Upper Cronkley F e l l i n Eeesdale, and 

although I have never seen the species there,, old records indicate that 

i t did grow there i n the past. 

3 . Mountain Habitats. Several populations of diploid Chrysanthemum' 

leucantjiemum L.. grow i n Snowdonia at various altitudes from 1,00.0 feet i n 

Cwm Idwal to 2,200- feet on the sides of Carnedd Daffydd. F l o r i s t i c a l l y 

the communities have a strong alpine element but d i f f e r from ihe upland 

communities of the limestone escarpment. S.uch differences are probably 

due to the increased general a l t i t u d e and the igneous composition of 

the underlying rock formation. I n Appendix IZ, page 177 i s given a 
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species l i s t of the community nembers found i n Cwm Idwal at around 

1,000 feet. Comparable populations have never been found or recorded 

f o r the Lake D i s t r i c t , or Scottish Highlands. A l l accounts of the 

vegetation of such regions mention Chrysanthemum leucanthemum L. as 

being confined vdthin the l i m i t s of c u l t i v a t i o n . A point which may 

explain the presence of Chrysanthemum leucanthemum L. i n the Snov̂ don 

range i s the occurrence of areas of basic basalt. I^ny of the alpine 

plants growing i n Cwm Idwal are recognised calcicoles and indicate a 

high base status. On the same grounds, one might expect the species (bo 

grow on Ben Lawers. I f i t does so, i t i s extremely rare and i s probably 

not recorded, being usually regarded as a weed of cu l t i v a t i o n . I have 

never found the species on the mountain but have collected several 

population samples from cultivated areas i n the Lawer's regionj these 

were a l l t e t r a p l o i d . 

4-. 'Disturbed' habitats The habitats of t h i s category include hay 

meadows, roadside verges, railway embankments, dry stone wall and quarry 

f l o o r s , etc. Bbth diploids and tetraploids seem to be equally success­

f u l i n colonising such habitats, with a possible regional preponderance 

of one cytotype over another. For example, only di p l o i d populations have 

been found i n F l i n t s h i r e , whilst around the c i t i e s of Oxford and 

Durham both d i p l o i d and t e t r a p l o i d populations grow i n equal profusion. 

The factors which determine the success of the species i n such habitats 

are as follows:-
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(a) Chrysanthemum leucanthemum L . i s a successful coloniser of freshly 

exposed ground. I t appears to be one of the f i r s t larger herbs to 

become established on new roadside embankments and between the rows 

of newly cut corn-fields. 

(b) Itst of the 'disturbed' habitats i n which i t i s established are 

regularly mown throughout the growing season. The strong perennial 

habit of the species permits rapid vegetative regeneration and i n 

many l o c a l i t i e s the plants w i l l never be permitted to set seed. The 

coarse cutting procedures employed w i l l rarely "moxT" the species out 

of a community, and i n fact may stimulate vegetative reproduction. 

F l o r i s t i c a l l y , 'disturbed' habitats can range from the character­

i s t i c f l o r a of limestone grassland to the r e l a t i v e l y calcifuge 

character of railway embankments or roadside verges i n the Highlands 

of Scotland. There i s no apparent correlation between polyploidy and 

type of habitat. 

Present vfork on continental material 

Populations from 4 1 l o c a l i t i e s have been sampled. Some of these 

have been obtained through the seed-exchange service but. 30 have been 

collected personally or by colleagues. I n the suinmer of 1963 I was 

able to go to the Central Pyrenees to investigate v/hether there was 

a similar ecological d i s t r i b u t i o n of cj^totypes to that described by 

Favarger (1959) f o r the Swiss Alps. Collections were i/iade en route 

through France and the main centre of botanising was around the 
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Eio Esera, (Fig. 4 4 , page 70) i n Aragon, Spain. 

The following points can be mader-

1 . Ghryaanthemum leucanthemum L.. i s f i r s t encountered above 500 metres 

i n the hayfields of the f o o t h i l l s . I t does not appear to be found at 

a lower a l t i t u d e on the Spanish side of the Pyrenees, Below this 

a l t i t u d e the character of the native vegetation changes dramatically 

to an a r i d , xerophytic iype, at least i n June and July, and this i s 

associated with a sudden drop i n the r a i n f a l l . From that point, the 

species extends to the upmost l i m i t s of c u l t i v a t i o n at about I , 6 0 0 metres 

and i s a most consistent member of the hayfield vegetation. Subsequent 

cytological analysis has shown that theae populations are tetraploid, 

no. diploids being found. At this a l t i t u d e the dominant component of 

the natural vegetation wa^ a ¥accinium-Quercus scrub which i n places, 

noticeably the south-eastern side, was giving way to a pine zone, 

QJhe Eio Esera ran i n a south-westerly direction and the d i s t r i b u t i o n 

of surrounding peaks was such that the nortti-western wall of the 

va l l e y received proportionally far more hours of sunlight than did 

the south-eastern w a l l . This hajs resulted i n a major difference i n 

vegetation a t comparsible altitudes between the two sides of the 

v a l l e y , so that the Quercus-Yaccinium zone extended nearly 300 metres 

higher on the north-western side than i t did on the south-eastern 

side. Fig, 4 5 , page 72 . 
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2. Three isolated populations of Ghi-ysanthemum leucanthemum were 

found i n the positions marked on the map, f i g . 4 4 page 70 . Populations 

2 and 3 were found i n the upper pine zone and hence must s t i l l be 

regarded as subalpine. They were both situated on rocky outcrops 

•projecting out of the tree zone at 1,S00 and 2]^000 metres respectively, 

f±gJ+6 page 7 2 . Population 1 was found above the tree zone at about 

2,100 metres i n a Sesleria coerulea dominated community, on a lime­

stone outcrop. This community was t r u l y alpine and was closely 

associated with other communities containing such marker species as 

Chrysanthemum alpinum, Gentiana verna, Sempervivens montanum, 

Rhododendron ferrugineum. A. species l i s t of communities 1 and 2 i s 

given i n AppendixVIIpage /7'^. A l l three populations of Chrysanthemum 

leucanthemum L. were l i m i t e d to some ten to t h i r t y individuals, ind 

proved to be d i p l o i d when samples were cytologically screened. 

One hexaploid population was found i n the f o o t h i l l s of the 

Pyrenees near Jaca a t a height of 700 metres. The vegetation here was 

d i s t i n c t l y xeroraorphic and completely unlike any other Pyrenean habitats 

of Chrysanthemum leucanthemum L. seen. Lavendula l a t i f o l i a vrais a 

major species of t h i s p a r t i c u l a r community. Fig. 4 7 page 73. 

Discussion 

The ecological d i s t r i b u t i o n of Chrysanthemum leucanthemum L. i n 

A. l o c a l Spanish botanist, who knew the region well, assured me that 
Chrysanthemum leucanthemum L. did not grow outside the l i m i t s of 
c u l t i v a t i o n i n that part of the I^renees. This indicates the r a r i t y of 
the three populations sampled. Indeed, two weeks searching were required 
to f i n d them. 
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K g . 45. J M — alba extending down from the south­
eastern side of the V a l l e e de Bio Eaera. On the 
r i g h t , a t a higher a l t i t u d e , i s a mixed Querous-
Fagus scrub. 

Pig. 46.. Cbrysanthemam leucanthemum growing on a 
rocky outcrop at l o c a l i t y 2, Valine de Rio Esera. 
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Fig. 47. A hf'xaploid population of Chrysanthemum 
leucanthemum L, sensu l a t o . associated v.ith 
Lavandula l a t i f o l i a and Ulex Europeaus at 70C metres, 



74. 

Fallee de Rio Esera of the High Central Pyrenees corresponds well to 

the sit u a t i o n found by Favarger (1959) i n the Swiss Alps and leaves 

l i t t l e doubt that the Swiss situation i s being repeated i n that 

part of the Pyrenees. Skalinska et a l . (.1963) state that the ecol­

ogical d i s t r i b u t i o n of Chrysanthemum leucanthemum L. cytotypes i n the 

Tatra also parallels those of Favarger's. One i s l e f t with a d i s t i n c t 

impression that such an ecological orientation of cytotypes i s being 

repeated throughout the mountain chains stretching through the 

Pyrenees, Jura, Alps and Tatra. As a generalised statement, t h i s i s 

probably true, but when considered i n d e t a i l there are some rather 

worrying discrepancies. For example, Favarger (.1959) atta'/ches great 

importance to the ecological i n t e g r i t y of the cyt.crtypes, but considering 

the published data of his own, Baksay, (1957) Skalinska (1961, 1963, 

1964.) Y i l l a r d and Favarger (1965, 1966) and the present work, the 

following points arise: 

A. Diploids i n Switzerland cover a wide range of communities, and are 

found at two main a l t i t u d e s t 

(1) The va r i e t i e s autumnale and lobatum are found normally below 

600 metres growing on the edge of roads, woods and wasteland and i n 

hayfields. These are also habitats f o r the t e t r a p l o i d varieties pratense 

and praestans and Favarger and V i l l a r d (1966) note that i n the Val-de-Ruz 

the v a r i e t y lobatum i s sympatric with the tetraploid. 

(2) Ssp. alpicola i s found at two di f f e r e n t altitudes, f i g . 2, 
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page 31, of Favarger (1959). About these he comments "on rencontre 

ces demiers, d^vne j a r t dans les pelouse alpines (entre 2000 et 2400 

i n d'altitude) d*^autre part dans des stations^s'dches de l^etage 

montagnard Cela semble indiquer que dans l a race diploide, i l 

y a au raoins deux ecotypes, I'un de caractere alpin, 1 'autre plus ou 

moins xerophile-thermophile". 

B'. Skalinska (1963) points out that i n the Polish Tatra the ssp. 

alpicola i s only represented by small isolated colonies confined 

exclusively to the higher elevations, and there are no comparable 

populations-to the low elevation "xerophile-thermophiles" of Favarger. 

The only vegetation details given refer to populations on stony slopes 

bearing only a scanty population at about 1,500 metres and to others 

i n the Pinus montana zone of the Pass pod Kopa. Neither of these habitat 

types seems to f i t the Swiss alpine situation. 

C. Baksay (1957) records a d i p l o i d form commonly found at 700 metres 

i n the h i l l s of central Hungary. Favarger (1959) interprets these 

populations as being comparable to his "xerophile-thermophile" 

populations. He points out that Veronica prostrata also grows i n two 

of the Swiss d i p l o i d l o c a l i t i e s and that t h i s species has a d i s t r i b u t i o n 

"paimonLque-pontique". Unfortunately f o r his arguments of an alpine-

central European d i s t r i b u t i o n f o r the xerophile-thermophile populations 

of Chrysanthemum leucanthemum L. the subsp. of Veronica prostrata 

involved at one of the two l o c a l i t i e s is subsp. Scheereri vriiich Brandt 

C196I) has shovm to have a subatlantic d i s t r i b u t i o n . On the other hand, 
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the other l o c s i l i t y involving Veronica prostrata has the subsp. pro strata 

which according to Brandt (1961) has an alpine-Central European 

d i s t r i b u t i o n . 

D. The d i p l o i d populations of the Rio Esera i n the Central Pyrenees 

do not seem to be id e n t i c a l to any of the published descriptions f o r 

other regions. I f anything, they correspond to the alpine l o c a l i t i e s 

described b r i e f l y by Skailinska (1963), but without an accurate 

description of the l a t t e r i t i s hard to make a direct comparison. 

I t can be seen that the ecological d i s t r i b u t i o n of d i p l o i d 

populations on the continent i s most i n t r i c a t e . The apparent d i s t r i ­

butions of hexaploid populations, although perhaps not quite so 

confusing, also vary i n d i f f e r e n t geographic regions. The reasons fo r 

t h i s v a r i a t i o n are easy to speculate on but less easy to substantiate. 

Two obvious answers might be:.-

(1) Ecological d i f f e r e n t i a t i o n of cytotypes has gone on independently 

i n d i f f e r e n t regions i n a more or less p a r a l l e l fashion, or 

(.2) The species aggregate had an identical ecological d i f f e r e n t i a t i o n 

of cytotypes over the whole geographical range and subsequent depauper-

is a t i o n of the populations resulted i n survival of popiolations which 

had s l i g h t l y d i f f e r e n t ecological preferences i n di f f e r e n t regions. 

Skalinska (1963) supports the l a s t view and she states quite e x p l i c i t l y 

that "the populations of the Tatra I-buntains d i f f e r i n respect of t h e i r 

genotypic composition from those occurring i n S\d.tzerland". Certainly 
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Favflrger's (1959) contention that "cor^binee avec I'ecologie l a 

cytologie permet de classer d'une raaniere naturelle" cannot be 

realised easily ijhen the whole geographical range i s considered. 

The d i s t r i b u t i o n of cytotypes i n B r i t a i n i s d i f f i c u l t to 

compare to the continental alpine d i s t r i b u t i o n , since there are no 

d i r e c t l y comparable communities to the ones i n which Chrysanthemum 

leucanthemum L. sensu l a to grov/s i n the Tatra, Alps and Pyrenees. 

Several of the few B r i t i s h habitats which are regarded as having 

alpine a f f i n i t i e s also have d i p l o i d populations of Chrysanthemum 

leucanthemum L. whilst i n most, the species i s conspicuously absent. 

I t seems more pr o f i t a b l e to compare B r i t i s h populations to the 

continental situation i n terras of populations affected and not affected 

by man. On the continent, d i p l o i d and hexaploid populations inhabit 

both disturbed and undisturbed communities whilst i n B r i t a i n only 

d i p l o i d populations inhabit both disturbed and 'natural' communities. 

A factor which seems to be common to both B r i t i s h and Continental 

d i p l o i d '^natural' habitats i s the dry substratvim which i s frequently 

limestone. Webb and Hart (194-5) have suggested that preference f o r a 

calcicole habitat may be r e a l l y a preference f o r dry s o i l . This might 

explain the absence of the species i n 'natural habitats i n the Lake 

D i s t r i c t and Scottish Highlands. 

'̂ A. B r i t i s h exception to t h i s i s the Carnedd l o c a l i t y i n Snowdonia 
where the habitat was a wet rock ledge. 
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The south-western c l i f f populations are probably part of the coafetal 
n 

or 'Atlemtic' d i s t r i b u t i o n of diploids referred to by Bocher and Larsen 

(1957). I t i s possible that an 'Atlantic' d i s t r i b u t i o n has no 

biolo g i c a l meaning apart from the fact that many c l i f f communities 

are natural ajid i n conjunction with many other undisturbed communities 

act as sites f o r the d i p l o i d cytotype. 

Regarding the d i s t r i b u t i o n of the t e t r a p l o i d cytotype, there i s 

universal agreement. With the exceptions pointed out on page 57 > 

a l l workers have 'found i t consistently associated with disturbance of 

natural vegetation. I n B r i t a i n several l o c a l i t i e s have been found i n 

which diploids and tetraploids are sympatric. This i s similar to the 

sit u a t i o n described i n the Val-de-Ruz by V i l l a r d and Favarger (1966) 

and i s unlike that described by Favarger (1959) i n the Vallee de La 

Brevine where the two races cohabit but are ecologically dif f e r e n t i a t e d , 

and where ecological differences can be detected. I n Durham City a 

di p l o i d and t e t r a p l o i d plant have been found within 5 yards of each 

other. 

Conclusions. 

There i s an ecological d i f f e r e n t i a t i o n of chromosome races of 

the species aggregate Chrysanthemum leucanthemum L. sensu lato which 

i s associated with the disturbance of natural vegetation. I n natural 

l o c a l i t i e s i n the B r i t i s h Isles only diploid populations are found. 

The situ a t i o n concerning the ecology of the lowland diploids and t e t r a -
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ploids i s not so satisfactory i n that there is a lack of c r i t e r i a 

f o r distinguishing habitats of the two cytotypes. This same pattern 

has been described i n S^ritzerland by V i l l a r d and Favarger (1966). 
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AN AIMjYSIS of BREEDII'i& BEHfflVIOlS! M 

CHRYSANTHEMUM LEUCANTHE MUM SE!BU 

LATO 

A Series of hybridisation experiments was carried out to investigate: 

1. the nature of the breeding system i n Chr.ysanthemum leucanthemum L. 

under experimental conditions. 

2. the genetical s i m i l a r i t i e s of diploids and tetraploids by establish­

ing t r i p l o i d hybrids and examining t h e i r meiosia for chromosome pairing 
« 

behaviour (the r e s u l t s of this particular experiment have already 

been reported i n the section on Cytology). 
3. the genetical s i m i l a r i t y w i t h i n the diploid and tetraploid levels. 

The small size of the hermaphrodite disc f l o r e t s made i t 

impossible to emasculate them and consequently i n the f i r s t instance 

only the outer female ray f l o r e t s were used. This was achieved by 

removal of a l l . the disc f l o r e t s before maturation of any of the anthers 

and then p o l l i n a t i o n of the stigmas on the female f l o r e t s after t h e i r 

emergence. The flower heads were enclosed i n cellophane bags to prevent 

spurious p o l l i n a t i o n s . This particular technique proved disastrous 

f o r two reasons:- (a) the conditions inside the bags i.e. a high 

humidity and open tissue, were idea l f o r invasion by Bot r y t i s . 

(b) the damage sustained by the ray f l o r e t s during removal of the 

disc f l o r e t s may have prevented the seed from "setting. 

Accordingly a repeat hybridisation program was carried out, but th i s 

time employing the whole capitulum and dispensing w i t h pollinating 
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bags by use of an insect-proof greenhouse. I n a l l , over 500 hybridisations 

were performed. At least one capitulum per plant was l e f t alone to 

assess the rate of s e l f f e r t i l i s a t i o n . 

The conclusions of the hybridisation program are as follows: 

A) Self pollinations resulted i n a low average seed set (1-8-41). 

Excluded from t l i i s data are two continental plants which set lOĈ S of 

t h e i r seeds. These plants may well have been apomictLc or inbreeders. 

There were no differences between polyploid levels i n the amount of 

s e l f f e r t i l i s a t i o n . 

B ) There were no s i g n i f i c a n t differences i n seed set between reciprocal 

crosses. Consequently the following results include the summated data 

for reciprocal crosses. Tixo minimise the affect of environment only 

data has been included for those crosses i n which there was one or 

more seeds set, 

C) 2n X 2n crosses yielded an average seed set of 55 seeds per capitulunr. 

(2-55-115). 

D) ijoi X 4n crosses yielded an average seed set of 51 seeds per capitulum 

(2-51-168). 

E) 4n X 2n crosses resulted i n an average seed set of 23 seeds per 

capitulum (1-23-114). 

F) Auto. 4n X 4n crosses resulted i n an average seed set of 45 seeds 

per capitulum. (13L-45-108). 

. These data have been s t a t i s t i c a l l y compared and this i s shown i n 

Fig.48 page 82 . 
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COMPARISON ^ ^ £ £ a 5EI M DIFFERENT 

CROSSES 

2')6S(46e 

/ ns. Af.S. 

/ PrOOl P'0'06 

P»o-o3 NS. 

SELF 

N.S. ^ NOT SIGNIFICANT Av/1bx4Aj| 

AUTO = SYNTHESISED TETRAPUDID 

F i ^ , 4.8 
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The following table gives the percentage of crosses which gave 
no seed set. 

Percentage of crosses which gave 
no seed set 

2n X 2n = 1 ^ 

4ni X 4i i = 1 ^ 

4n' X 2n = 15^ 

selfed =55^ 

Auto 4n X 4n = ^ 

Germination of the seeds produced by the previous experiments led 

to the following conclusions:-

A) There was a high germination-rate of seed resulting from the 

2n X 2n and 4n x 4n crosses. This varied from between 5C^ to^ 9G)̂ . 

B ) There was a low germination rate of seed resu l t i n g from t r i p l o i d 

crosses. This varied from between Q' to 20^, Subsequait cytological 

analysis of the seedlings showed that most of the seed formation had 

resulted from s e l f i n g and was, therefore, not of hybrid o r i g i n . I n 

f a c t only 15 plants out of a t o t a l of 300 proved to be t r i p l o i d . An 

interesting point arising from these data i s that the rate of self 

p o l l i n a t i o n i s comparable i n attempted 2n x 4n crosses to the average 

r a t e of sel f i n g for 2n or 4n plants l e f t to t h e i r own devices. This 

indicates that cross p o l l i n a t i o n between polyploid levels has not 

broken down the s e l f incompatibility mechanisms of the female parents. 

Examination of the inviable seed showed that there was no endosperm 
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formation, which suggests that the seed was of t r i p l o i d hybrid o r i g i n . 

C) The 15 t r i p l o i d hybrids were produced i n three di f f e r e n t hybrid­

isations a l l involving B r i t i s h diploids and Continental tetraploids. 

I n two of the hybridisations, the tetraploid was the female parent. 

I n the remaining hybridisation, production of t r i p l o i d seed by s e l f 

f e r t i l i s a t i o n with unreduced pollen can be eliminated, since the 

progeiy r e s u l t i n g from germinating the seed completely resembled the • 

•tfetraplioid parent. I n this instance the tetraploid parent was morph.-

o l o g i c a l l y d i s t i n c t from the d i p l o i d parent. 

Discussion 

I n the greenhouse. Chrysanthemum leucanthemum L. appears to be 

an outbreeder with a f a c i l i t y for a low level of inbreeding. I t i s 

probable that a similar breeding system exists i n nature, although 

t h i s s t i l l remains to be proven, 

S:tebbins (1957) has remarked that nearly a l l the examples of 

complete or nearly complete autopolyploidy are i n species which are 

extensively outcrossed i n nature, Lewis and John (I963) have explained 
that 

t h i s by suggesting/since auto-polyploidy can arise either by production 

of unreduced gametes or by somatic doubling and that since unreduced 

gametes are l i k e l y to be at a disadvantage i n a s e l f con^jatible d i p l o i d , 

then the most probable origin of autopolyploidy i s by somatic doubling 

of an outbreeding d i p l o i d . This explanation has one loop hole since 

presumably, autopolyploidy could also arise from somatic doubling of 

s e l f compatible diploids. 
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T'etraploid Chrysanthemum leucanthemum L. has many s i m i l a r i t i e s 

to known autotetraploid cytological behaviour. Amongst i t s own 

cytological p e c u l i a r i t i e s i s the phenomenon of loc a l i s a t i o n and 

reduction i n number of,chiasmata to one per chromosome arm i n a d i s t a l 

p o s i t i o n . This results i n long, undisturbed linkage groups situated 

on each side of the centromere. I n an inbreeding organism i t seens 

• l i k e l y that this p a r t i c u l a r cytological situation would be disadvauitageous, 

since homozygosity would be quickly established. Hewitt t-vj] • Jr'va-

(196S)) has.-, demonstrated the converse si t u a t i o n i n isolated populations 

of grasshoppers, which are so small as to be considered inbred. Here, 

increased rates of inbreeding are compensated by increases i n the 

number of chiasmata. 

Possession of a very low l e v e l of inbreeding confers the potential 

f o r sexual fitness i n isolated individuals of Chrysanthemum leucanthemum L. 

I t i s l i k e l y tiiat the experimental plants which were f u l l y s e l f -

compatible were homozygous for a recessive gene promoting inbreeding. 

Similar conditions exist i n Tripleuroapermum maritimum, Q. Kay, 

(personal communication) and i n Daetylis glomerata, M. B o r r i l (personal 

communication). 

Conclusions 

Under experimental conditions Chr.ysanthemum leucanthemum L. 

appears to be mainly outbreeding with a low level of inbreeding. This 
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s i t u a t i o n may be related to a meiotic mechanism involving locsdisation 

of chiasmata and reduction of genetical recombination. I t i s 

suggested that such a mechanism could only persist i n an outbreeding 

organism. 
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V-^RL.TIQN OF PHEMOLIC PI&MEIviTa IN CHRIS.g-CTHEMJM 

SENSU LATO 

The works of Bate-Smith (1959, 196l, 1962) and i\lston and 

Turner (1959, 19̂ 3) amongst others , have danonstrated the value of 

plant chemical components as tazonomic characters . The above mentioned 

authors have mainly concerned themselves with phenolic components 
the 

extracted from leaves . Detection and i d e n t i f i c a t i o n of/components 

was carr ied out using paper chromatographic techniques. 

I t was decided to invest igate the phenolic components in basal 

leaves of Chrysanthemum leucanthemum L . The method of extraction and 

paper chromatographic techniques recommended by Bate-Smith (1962) 

were employed and proved to be somewhat unsat isfactory owing to t r a i l i n g 

e f fec t s of components. Accordingly, a th in - layer chromatographic 

technique was succes s fu l l y subst i tuted. The detailjg of th i s are 

given i n Appendix X page /7fl. 

Seventy-eight plants from d i f f erent sources, including t r ip lo id 

hybrids and t h e i r parents and synthesised autotetraploids, were analysed. 

The average posit ions and t o t a l .number of spots found are given in 

F i g . 49 page 88 . P i g . 50 page 89 , d isplays some of the r e s u l t s . 

The following conclusions can be drawn from the r e s u l t s : -

A) Component 9 whis generally present in diploid plants and absent 

i n tetraploid plants . I n those tetraploid plants in which component 9 

was found, i t appeared to be present i n lower concentrations as 
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butano/4'. acetic ack/1: wafrJ 

P i g . 49. 
Chromatogram spots 
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CATEGORIES 
OF 

PLANTS 
PLAMT 

B62/I 

[Bta/i-'«e;i ® 
ta62/l-M62/l 

HYBRIDS 
and 

PARENTS 
U6l/S-«2662/ll(D 

&62/l*26(S2/ll® 

462/l->2«62/ll^ 

U62/I-.2662/11 (5 

462/l-2662/ll(D 

a62/l-'««/l I j 
462/1 

1561/0-306^ 

2662/11 

IS62/3 

964/1 

264/1 KynoiKC Cow 

2562/3 

2462/1 Comtdd Doflydd 

362/9 

362/2 

462/3 

CflKSIN 
OF 

PLANTS 

hybrid 3« 

hybrid 

Fcttinlo^ 2x 

hybrid 3x 

Prague 4< 

hybrid ?4x 

Prague 4x 

hybrid 3« 

Slovropol 

St. Ivn 

Li t IK Haven 

LoggcrScadft 

Loggcrhcodi 

Mold 
A2/3 colchidfwd 
A2/9 

INDUCED 
TETRAPLOID6|. 

A2rt 

A2/6 

A2/7 

U62/S-.A2/3® hybrid? 
BcnasqtM 

1161/9 Edok 

4162/2 •utalhom Moor 

663/1 Pickering 

662/3 vmorwick 

frETRAPtOIDS 961/1 

2862/4 Prague 

3061/1 2agrab 

2762/3 

1162/2 Craco« 

3461/1 

3262/6 StTQiboufg 

PYRENEAN 
OIPUMDG 

I263/IO Benoque 

OTHER 
SPECIES 

ClitflOlllMUlUU 
^ 4 e n wrilty 
Gard«.»My X X X X X 

5 0 
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Sing le dimensional 
chromatogram showing 
extra brown pigment 
i n d ip lo ids . "* 

Two dimensional 
chromatogram of B r i t i s h 
d ip lo id . The large spot 
represents confounds 
8 and 9 of P i g . 49. 

Two dimensional 
chromatogram of B r i t i s h 
te traplo id . There i s 
no large brown spot. 

Two dimensional 
chromatogram of t r ip lo id 
hybrid. There i s a 
small brown spot. 

5lA. 
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in 

Two dimensional ohroaatograjB of 
synthesised tetraploid. Note the 
possessicm of a large diploid-type 
brown J|fi9** ~*' 

Two dimensional chrooatogram of 
a Continental tetraploid. There is 
no large red-brown spot corresponding 
to spot 8 and 9. 
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demonstrated by s i z e and in tens i ty of spot. Solutions of component 9» 

obtained by eluting out the component from the S i l i c a Gel with 

Ethano l , changed colour with changes in pHi. The solutions turned 

blue wi th increasing pHi and to yellow with decreasing pEii. Such 

features are t y p i c a l of leuco-anthocyanins. Hf . values indicated 

that the compound could have been leuco-cyanidin. Component 8. was 

located next to component 9 on the chromatograms and unfortunately 

had s i m i l a r chemical and phys ica l propert ies . I t had a s l i g h t l y 

higher E f . value and could have been leuco-pelargonidin. 

B ) No t r i p l o i d hybrids contained component 9 and in general had a 

smaller t o t a l number of components" than the parent p lants . They 

appeared to more c l o s e l y resemble ihe tetraploid parental, patterm, 

a f a c t which was corroborated from, other sources, page 84. 

C) Synthesised tetraploids appeared to resemble the parental diploid 

pat tern . However, they had component 8 i n smaller concentrations 

than the diploid parents. 

D ) Pyrenean diploids had a completely d i f f e r e n t pattern to a l l other 

diploids and te traplo ids . Their to ta l number of detectable components 

was much lower than in any other plants examined. 

E ) Specimens of Chr.ysanthemum maximum Ram. had cer ta in s i m i l a r i t i e s 

to the Pyrenean d i p l o i d s , i n par t i cu lar with reference to components 

20., 23 and 24. 

P ) Chrysanthemum rotundifolium did not have any d i f f erent components 

to some of the tetraploid specimens examined. 
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Discuss ion 

I t seems tiiat l e a f phenolic conpounds give a p a r t i a l discrimination 

between polyploid l eve l s i n Ohr.ysanthemum leucanthemum L. . I f , 

a f t e r fur ther analyses i n depth have been carr ied out, the pattern 

of v a r i a t i o n of the phenolic components can s t i l l be shown to be of 

taxonomic va lue , then there are no a p r i o r i reasons why such features 

cajinot be used i n conjunction with the more t r a d i t i o n a l morphological 

a t t r i b u t e s . 

I n the present work i t has not proved convenient to incorporate 

phytochemical characters into the mult ivariate analys i s (described in 

sect ion 5)» s ince co l l ec t ion of data for the l a t t er work would have 

involved chromatographic ana lys i s of a l l the plants used. 

NOTE:. The problem of get t ing s u f f i c i e n t mater ia l to measure a l l 
the characters l i k e l y to be used in a mult ivariate analys is increases 
proportional ly to the number o f characters en^iloyed. Per example, 
the pressing of plants a t a stage of development suitable for 
measuring l e a f characters meant that mature seed characters could 
not be used. S . imi lar ly , i n order to r e t a i n s u f f i c i e n t rep l i ca te s 
of basa l l e a f parameters, i n s u f f i c i e n t leaves were avai lable for 
chromatography. 
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MORPHOLOGICAL VAf i lATIQN I N GHRYSANTHEMJM LEUCAiOTHEMUM L . 
SENSUi LATO 

I n t r o d u c t i o n 

A n y i m p a r t i a l s u r v e y o f t h e t a x o n o m i c l i t e r a t u r e on t h i s s p e c i e s 

a g g r e g a t e r e v e a l s t h e f o l l o w i n g t -

a) T h e r e i s w i d e s p r e a d c o n f u s i o n r e s u l t i n g f r o m r e g i o n a l a u t h o r s 

h a v i n g c r e a t e d s u p e r f l u o u s synonyms and g i v i n g i n a d e q u a t e p l a n t 

d e s c r i p t i o n s . 

b) Too much emphasis has been p l a c e d upon a p p a r e n t l y s i n g l e c h a r a c t e r s . 

T h i s i s i n i t s e l f a d o u b t f u l t axonomic p u r s u i t b u t becomes even more 

so when t h e c h a r a c t e r s used appear t o v a r y i n an u n c o r r e l a t e d f a s h i o n . 

An example o f t h i s i s quo ted by b o t h Boche r and L a r s en (195<7) and 

F a v a r g e r (1959) who p o i n t o u t t h a t t h e p re sence o r absence o f a pappus 

on t h e p e r i p h e r a l achenes can v a r y w i t h i n t h e same p l a n t o r even same 

c a p i t u l u m and t h a t i n p r e v i o u s comprehens ive s u r v e y s o f t h e genus , 

v i z . . B r i q u e t e t C a v i l l i e r (I9I6) s u c h a l u d i c r o u s d i s t i n c t i o n w a r r a n t e d 

a t t h e l e a s t , s u b s p e c i f i c s t a t u s , 

c ) The c o n f u s i o n o f p r e v i o u s t axonomic t r e a t m e n t s o f t h e genus f o l l o w s 

a p a t t e r n p e c u l i a r t o w i d e s p r e a d c r i t i c a l t a x a i n w h i c h s m a l l morph­

o l o g i c a l d i f f e r e n c e s a r e caused e i t h e r by s l i g h t g e n e t i c a l v a r i a n t s o r 

p h e n o t y p i c p l a s t i c i t y o r b o t h . E i t h e r r o o t cause o f t e n r e s u l t s i n 

m o r p h o l o g i c a l d i v e r s i t y o f a n a t u r e most d i f f i c u l t t o d i c h o t o m i s e and 

d e s c r i b e , b o t h most n e c e s s a r y p r o p e r t i e s o f a" s u c c e s s f u l t a x o n o m i c a l 

t r e a t m e n t . 

The c y t o l o g i c a l r e s e a r c h e s o f D o w r i c k (1952), Bocher and L a r s e n (1957), 
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P a v a r g e r (X959), Baksay (1957), M u l l i g a n (,1959') and t h e p r e s e n t w o r k have 

shown t h a t t h e r e i s c y t o l o g i c a l v a r i a t i o n w i t h i n t h e s p e c i e s a g g r e g a t e 

axid i n d i c a t e t h a t t h i s m i g h t be used f o r a b a s i s f r o m w h i c h a s s o c i a t e d 

c h a r a c t e r v a r i a t i o n c o u l d be s t u d i e d . The r a t i o n a l e f o r t h i s can be 

s t a t e d b r i e f l y : - w i t h f e w e x c e p t i o n s , see page 52, d i f f e r e n c e s i n 

p o l y p l o i d y r e s u l t i n d i f f e r e n t b r e e d i n g g roups and hence g i v e t h e 

o p p o r t u n i t y b u t n o t c e r t a i n t y , f o r d i f f e r e n t i a l a d a p t a t i o n and m o r p h o l o ­

g i c a l m o d i f i c a t i o n t o o c c u r be tween p o l y p l o i d l e v e l s . S h o u l d such 

d i f f e r e n c e s p r o v e c o n s i s t e n t enough , t h e n t a x o n o m i c a l r e c o g n i t i o n c a n be 

g i v e n , Boche r and L a r s e n (1957) chose t o g i v e s p e c i f i c r e c o g n i t i o n t o 

t h e d i p l o i d and ; t e t r a p l o i d l e v e l s , by a p a r t i n g them t o Chrysanthemum 

le'ucsLnthemum L , . and Chrysanthemum i r c u t i a n u m T u r c a . r e s p e c t i v e l y . 

T h i s c o u r s e was f o l l o w e d b y B a k s a y (1957) and P a v a r g e r (1959) b u t 

i g n o r e d by M u l l i g a n (1959) w h o , w h i l s t c o n c e d i n g t h a t t h e r e were c e r t a i n 

s i m i l a r i t i e s be tween t h e two v a r i e t i e s , v a r . s u b - p i n n a t i f i d u m L e c o q . and 

L a m o t t e and l a c i n i a t u m ( i n G r e y ' s Manua l o f Botar^y) and t h e m o r p h o l o g y 

o f t h e two c y t o t y p e s i n N o r t h A m e r i c a , r e n a i n e d uncommited on w h e t h e r 

t h e c y t o t y p e s s h o u l d r e c e i v e s p e c i f i c r e c o g n i t i o n . I n t h e T a b l e J on 

page 94 i s a l i s t o f c h a r a c t e r s c o n s i d e r e d by p r e v i o u s a u t h o r s t o 

c h a r a c t e r i s e "tiie two t a x a i n q u e s t i o n . Because o f t h e d i f f i c u l t i e s 

o f t r a n s p o s i n g t h e d e s c r i p t i o n s used i n t o a s t a n d a r d i s e d t e r m i n o l o g y 

w i t h o u t a d d i n g t o t h e a m b i g u i t y a l r e a d y p r e s e n t , t h e o r i g i n a l t e r m i n o l o g y 

has been p u t i n t o t h e T a b l e , l e a v i n g t h e readers t o i n t e r p r e t e as t h e y 

w i s h . Where i t i s f e l t t h e r e i s a f a i r co r r e spondence 
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i n mean ing a l o n g r o w s , t h i s has been i n d i c a t e d by d i f f e r e n t t y p e s o f 

c r o s s h a t c h i n g and d i s s i m i l a r i t y by d o t s . I t i s o b v i o u s f r o m the 

t a b l e t h a t t h e r e e x i s t o p p o s i n g d i s c r i p t i o n s and i n d e e d the v a r . 

p i n n a t i f i d u m ( e x t r e m e r i g h t hand co lumn) m i g h t be s u b s t i t u t e d w i t h 

p e r f e c t agreement i n t o t h e row f o r Ohr.y3anthemum leucanthemum L . As 

f a r as can be assessed t h i s s p l i t has been made w i t h i n t h e c o n f i n e s o f 

t h e s u b s p e c i e s t r i v i a l e G-audin as d e s c r i b e d by B r i q u e t and C a v i l l i e r 

(1916), The l a t t e r n o t e t h a t Chrysanthemum i r c u t i a n u m T u r c z has some 

^ • a f f i n i t i e s ' t o Chrysanthemum leucanthemum L . b u t do n o t i n c l u d e t h e 

s p e c i e s i n t h e i r r e v i e w o f t h e genus i n t h e M a r i t i m e A-Lpes n o r i n t h e i r 

l i s t o f synonyms. 

A r a t h e r s u r p r i s i n g f e a t u r e o f t h e works by Bocher and L a r s e n 

(1957) and P a v a r g e r (1959) i s t h e absence o f any f o r m o f key f o r 

i d e n t i f y i n g t h e s p e c i e s . T h i s ommiss ion i s p r o b a b l y i n d i c a t i v e o f t he 

v a r i a b l e n a t u r e o f t h e c h a r a c t e r s used i n t h e i r d e s c r i p t i o n s . 

P r e s e n t c o n t r i b u t i o n 

U s i n g t h e c h a r a c t e r s o u t l i n e d above a s u r v e y was made o f B r i t i s h 

H e r b a r i u m m a t e r i a l . Some 500 shee t s were examined and t h e f o l l o w i n g 

c o n c l u s i o n s were d r a w n : -

1. A l t h o u g h a p r o p o r t i o n o f t h e shee t s c o u l d be s e l e c t e d w h i c h more 

X 
A t t h i s p o i n t i n t h e i n v e s t i g a t i o n , i t vTas a l r e a d y a p p r e c i a t e d t h a t 

two chromosome races e x i s t e d i n t h e B r i t i s h I s l e s and t h e H e r b a r i u m 
s h e e t i n v e s t i g a t i o n ./as p r i m a r i l y concerned w i t h s e e i n g w h e t h e r two 
m o r p h o l o g i c a l soRc ies c o u l d be d e t e c t e d amongst t h e shee t s o f Chrysantnemum 
leucanthemum L . 
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II 

o r l e s s f i l l e d t h e s p e c i f i c d e s c r i p t i o n s o f b o t h Bocher and L a r s e n 
(l95p )̂ and P a v a r g e r (1959) a l a r g e number o f spec imens p r e s e n t e d 
c h a r a c t e r s w i t h i n t e r m e d i a c y o f v a r i a t i o n o r v a r i a t i o n o f a t y p e w h i c h 
was i t n c o i i ^ a t i b l e w i t h t he s p e c t r u m e x i s t i n g between t h e d e s c r i p t i o n s . 
A p e r t u r b i n g f e a t u r e o f t h i s a n a l y s i s was t h e a p p a r e n t l y u n c o r r e l a t e d 
v a r i a t i o n o f some c h a r a c t e r s . I t became o b v i o u s t h a t i t was neces sa ry 
t o d e t e r m i n e w h e t h e r t h i s v a r i a t i o n m i g h t be a t t r i b u t e d t o an e n v i r o n ­
m e n t a l component o r t o g e n e t i c a l s e g r e g a t i o n and a randomised g r o w t h 
e x p e r i m e n t i n v o l v i n g c y t o l o g i c a l l y d e t e r m i n e d p l a n t s f r o m a v a r i e t y o f 
p o p u l a t i o n s was e s t a b l i s h e d . A p p e n d i x X I , page /SO. 

2, A l t h o u g h t h e a r t i f i c i a l k e y t o t h e v a r i e t j r e s o f t h e subspec ies t r i v i a l e 

G-audin, i n B r i q u e t e t C a v i l l i e r (I9l6) d i d n o t w o r k , t h e g e n e r a l 

d e s c r i p t i o n s , by and l a r g e , f i t t e d mos t o f t h e v a r i a n t s seen b o t h on 

h e r b a r i u m s h e e t s and i n t h e f i e l d . I n t h i s c o n t e x t i t i s o f i n t e r e s t 

t h a t V i l l a r d and P a v a r g e r (19-66) make use o f t h e v a r i e t i e s o f B r i q u e t 

and O a v i l l i e r vrfaen r e f e r r i n g t o d i f f e r e n t t y p e s o f p o p u l a t i o n s g r o w i n g 

i n S w i t z e r l a n d . 

A n a n a l y s i s o f c h a r a c t e r v a r i a t i o n o f c y t o l o g i c a l l y i d e n t i f i e d i n d i v i d u a l s 

The f o l l o w i n g examples o f c h a r a c t e r v a r i a t i o n were t a k e n f r o m 

p l a n t s g rown i n p o t s i n t h e greenhouse o r i n o u t d o o r f l o w e r beds f o r one 

y e a r , and a r e n o t t h e same a.s t h o s e t a k e n f r o m t h e randomised g r o w t h 

e x p e r i m e n t s , and used i n t h e m u l t i v a r i a t e a j i a l y s i s , page I06» 

A l t i i o u g h t h e spec imens used w e r e n o t d i r e c t l y comparab le i n t h e i r g r o w t h 

h i s t o r i e s i n t h e b o t a n i c g a r d e n , i f any d i f f e r e n t i a e d i d e x i s t 
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be tween p o l y p l o i d l e v e l s , t h e y s h o u l d be a p p a r e n t even under s u c h 

c o n d i t i o n s . 

B a s a l l e a f morpholog.y 

The p a r a m e t e r s shown i n P i g . 52, page 98 were p l o t t e d f o r 58 p l a n t s 

on a s c a t t e r d i a g r a m . P i g . 54 page 99. I t i s appa ren t t h a t t he se 

c h a r a c t e r s a r e g i v i n g a p a r t i a l s e p a r a t i o n o f c y t o t y p e s i n an o v e r ­

l a p p i n g d i s t r i b u t i o n . A p p l y i n g a f o r m o f Anderson^s h y b r i d i n d e x t o 

t h e s e d a t a p roduces t h e d i s t r i b u t i o n shown i n P i g . 53 ^ g e 98. The 

s e p a r a t i o n g i v e n b y t h e l a t t e r t e c h n i q u e on the c h a r a c t e r s used i s 

i n f e r i o r t o t h a t shown i n t h e s c a t t e r d i a g r a m i/rtiere t h e c h a r a c t e r s 

used on t h e p r i n c i p a l a x i e s , and hence w e i g h t e d , have been s e l e c t e d f o r 

t h e i r ' c o n s t a n c y * . C o n s i d e r a t i o n s o f t h e r a t i o n a l e f o r w e i g h t i n g 

c h a r a c t e r s a r e g i v e n on page 117 . The s t a t i s t i c ^ o r t h e s e p a r a t i o n 

shown i n t h e H y b r i d I n d e x g i v e s a s i g n i f i c a n t d i f f e r e n c e a t t h e 1^ 

l e v e l . I f t h e c h a r a c t e r s had been s t a n d a r d i s e d by t h e p r o c e d u r e o f 

t r a n s f o r m i n g t h e standard d e v i a t i o n f o r each c h a r a c t e r t o u n i t y and 

a l l o t t i n g t o each c h a r a c t e r sample a v a l u e d i f f e r i n g f r o m t h e s t a n d a r d 
S . D . - c h a r a c t e r v a l u e 

d e v i a t i o n a c c o r d i n g t o t h e f o r m u l a mean f o r a l l v a l u e s , 

t h e n t h i s w o u l d have g i v e n a b e t t e r s p l i t f o r t h e H y b r i d I n d e x than 

t h a t shown i n P i g . 53 page 98. Per t h i s a n a l y s i s t h e more n o r m a l 

p r o c e d u r e o f a l l o t t i n g a z e r o v a l u e f o r one c h a r a c t e r ext reme i . e . 

d i p l o i d emd t h e v a l u e 6 f o r t h e o t h e r ex t r eme i , e , t e t r a p l o i d was 

a d o p t e d , A t y p i c a l r a n g e o f b a s a l l e a f m o r p h o l o g i e s i s shown i n P i g . 56 

page lowthe s a l i e n t f e a t u r e b e i n g t h e c o m p l e t e c o n t i n u u m o f v a r i a t i o n 
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P i g . 52. 

j diploid 

letraploid 

1 2 3 4 

orbitary scale of hybrid index 

P i g . 53. 
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fi"om one end to the other. 

Pol len Grain Diameter 

The only character f o r which previous workers have published any data 

has been pollen gra in diameter. Bocher and Larsen (1957) and 

Eavagger (1959) consider tiiat the d i s t r i b u t i o n i s overlapping. 

Mulligan (1959) came to the conclusion that there was a complete 

dichotomy of pollen gra in size i n Canadian material between the two 

cytotypes. I n P i g . 55Apage 104, I have plot ted the pollen grain diameter 

o f 50 p lants , each plant having 100 grains measured. The method 

'used f o r measurement i s outlined i n Appendix I I I , The d i s t r i b u t i o n 

i s f a i r l y s imi lar to that shown f o r basal leaves i n F i g . 53 page 98. The 

ess entied point about t h i s pa r t i cu la r diagram is that each grain measured 

has been included and the d i s t r ibu t ions are not made up from: mean 

gra in diameters. 

Examination of mid-stem leaves showed the f o l l o w i n g : -

a) there was a tendency f o r the leaf incisions to be more i r regular 

i n depth and spacing i n d iploids than i n te t rap lo ids . P ig , 54 page 99. 

An exception to th is were the d ip lo id plants corresponding to the var ie ty 

. a lp i co l a (Koch) Gremli , a description of which i s on page. ^26 . This 

fea ture of den t i t ion and inc i s ion i r r e g u l a r i t y could also be demonstrated 

on baisal leaves and although the basal and stem leaf conditions of such 

characters were obviousaiy pos i t ive ly correlated there were cer tain 

exceptions, v i z . va r i e ty a lp ico la , which produced problems of 
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unnecessary character weighting, see page 116 . 

b) the stem leaf auricles tended to be thinner , longer and frequently 

more i n number i n d iploids than i n the te t rap lo ids . M g . 5'5 page l O l . 

This b r i e f inves t iga t ion of character va r ia t ion outlines the 

f o l l o w i n g points:;-

1) A v a r i e ty of characters showed in teres t ing tendencies but apparently 

f a i l e d ei ther s ingly or i n simple combinations to give a sa t is fac tory 

s p l i t . 

2) The pattern o f v a r i a t i o n of a series o f overlaps could mean that 

a mul t iva r i a te approach to the problem might be more f r u i t f u l . 

Towards th is end a su i te o f computer programs wsis w r i t t e n and 

tested. Specif icat ions o f the programs and p r i n t outs of programs and 

resul t s can be found i n Appendix X T I I , page I^Ir. F i g . 57 page 104 shows 

the general f low diagram f o r the suite of programs. The programs are 

designed to analyse large amounts o f data r a p i d l y wh i l s t reducing 

manual handling of data to an essential minimum. 

Mater ia l f o r the analysis was selected from cy to log ica l ly i d e n t i f i e d 

plants and grown on a randomised growth experiment from October 136k 

u n t i l Ju ly I965 when i t was harvested f o r analysis. The detai ls of the 

growth treatment are given i n Appendix X I page 1^0 • 

IJrawing on personal experience and from the l i t e r a t u r e , 51 characters 

were selected. I t was appreciated that some of the characters selected 
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appeared useless but since they had been used i n the l i t e r a t u r e it-,.was 

f e l t tha t incorporation o f them in to the analysis might reveal un­

noticed corre la t ions . Ind iv idua l specimens were used fo r this analysis 

and not the mean values computed from population samples f o r three 

very per t inent reasons:-

1) The basic reference point f o r the analysis was chromosome count 

and t h i s had been carr ied out on individuals which were not necessarily 

representative of large population samples. The sympatric behaviour 

o f the cytotypes i n the B r i t i s h Is les made assumption o f chromosome 

number by v i r t u e o f counts having been carr ied out on other members 

o f a population u n j u s t i f i e d . 

2) Character va r i a t ion w i t h i n a population was so great that a sample 

large enough to axicurately define the various character means would 

have been p r o h i b i t i v e l y large i n terms o f the labour and space avai lable . 

The problem of hav populations f i t t e d i n t o the general scheme of 

species va r i a t ion was tackled by including batches of individuals 

sampled from the same populations. 

3) Even i f use o f population mean values was a v iable proposition 

there was no obvious way, other thaji taJdng individuals i n large numbers 

from a population, of adequately representing populational character 

variance i n th is type of analysis, 

!iyae characters used are described i n Appendix XiV page 196 . Var ia t ion 

of characters w i t h i n an ind iv idua l e.g. width of mid stem leaves on 
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d i f f e r e n t stems of the same p lan t , was troublesome and care was taken 

to measure s u f f i c i e n t repl icates from each p lant , where they were a v a i l ­

able, to establish a r e l i a b l e mean value. As expected, in t rap lan t 

v a r i a t i o n was f a r less than i n t e rp l an t var ia t ion i n specimens from the 

same population and. I f e l t that i n the absence o f any other procedure, 

the method of taking character means wi th in individuals was the only 

sui table one ava i lab le . 

# The assumptions made i n the mul t ivar ia te analysis are given i n 

Appendix X I I page/^( . I n the fo l lowing pages the term operational 

taxonomic un i t (O.T.U.) i s used f requent ly . T^his term denotes the 

basic un i t vrtaich i s being c l a s s i f i e d and i n th i s par t icular sinalysis 

re fers to i n d i v i d u a l plants . 

Although data from IkO plants had been collated i t was decided 

to run an i n i t i a l survey on 60 OST.U's to see whether there was any 

point i n analysing the whole data. P ig . 58, page 10̂ 7 shows the resul ts 

of the cluster analysis of th is data. There were some very dis turbing 

features brought out i n the analysis , the p r inc ipa l one being that 

O.T.U's fTx>m the same polyploid l e v e l and even same population did not 

c lus ter i n t o major groups to the exclusions of O.T.U's from other 

populations and polyploid l eve l s . T-tests were carried out on the 

differences of transformed w i t h i n and between c lus ter corre la t ion co­

e f f i c i e n t matrices of clusters 1 and 2, 2 and 3, 3 and 4, 4 and 5, 5 and 

6, 6 and 7 and 4 and 7> and w i t h the exception of clusters 2 and 3 , 

were a l l found to be s i g n i f i c a n t l y d i f f e r e n t to at least the 0.5^ l e v e l . 
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Origins of the O.T.U's used 

L o c a l i t y Number of O.T.U. 

Bearpark, Durham C i t y 14, l 6 , 30, 36, 37, 38, 39, 42, 55, 
29 ,56, 57, 58. 

Loggerheads, F l i n t s h i r e 5, 6, 12, ;. 40 , 43 , 47, 5 1 , 52. 

Malham Moor, Yorkshire 10, . 18, 31 , 45, 49, 53, 54, 59-

Strasbourg, Prance. 15, 19, 20, 21 , 22, 26. 

Chrysanthemum rotund i f olium 23 
Czechoslovakia. * 

Synthesised tetraploids 
produced from Loggerheads 13, 25, 32, 33, 44. 
parent p lan t . 

T r i p l o i d hybrid 8. 

Various B r i t i s h diploids 6, 11 , 34, 35, 46. 

Various B r i t i s h te t raploids 1, 7, 48. 

High Centra l Pyrenees 4 1 . 

Various Continental 2 , 4 , 27 , 28 , 3 1 , 50 ,24 . 
te t raploids 
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This showed tha t c lus ter ing above the +0,45 corre la t ion c o e f f i c i e n t 

l e v e l was s t a t i s t i c a l l y sound i f somewhat b io log ica l ly cuiiDus. 

Other in teres t ing fac t s derived from the cluster analysis 

include the f o l l o w i n g : -

A. Two specimens of Chrysanthemum rotundi fo l ium e.g. 17 and 23, 

were s t rongly negatively correlated wi th a l l the other specimens which 

were a l l members of the Chrysanthemum leucanthemum L . species aggregate, 

B. Cluster 7 was comprised of individuals taken from Strasbourg 

and represented a te t rap lo id morphology frequent ly found on the 

Continent but not i n the B r i t i s h I s l e s . 

C. A t r i p l o i d hybr id , O.T,U. 8 was strongly associated v/ith t e t r a ­

plo id p lants , which agreed w i t h i t having received twice as mahy genes 

from the te t raplo id parent as the d ip lo id parent. 

D. O.T.U's 25, 33 and 32 were synthesised autotetraploids which were 

strongly associated w i t h natura l te t raplo ids . 

O.T.U. 44 was a synthesised autotetraploid strongly associated 

wi th d i p l o i d s . 

O.T.U. 13 was a synthesised autotetraploid associated w i t h both 

d ip lo ids and te t rap lo ids . 

The autotetraploids were a l l synthesised from seed taken from a 

d ip lo id plant from the Loggerheads population, 

E. Clusters 6 and 5 were extremely heterogeneous in the i r contents, 

f . The o r i g i n a l idea o f taking single specimens as O.T.U's was 
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been vindica ted , since the use of population means would have masked 

the segregation o f individuals from the same populations which has 

occurred. 

G-. With the exception o f cluster 7, which was homogeneous i n 

content, tile resul ts did not give any impression of n ice ly part i t ioned 

data between a d ip lo id and te t rap lo id species, but that one was 

. examining subsets of a s ingle extremely variable taxon in which there 

was a predominence of d ip lo idy i n one sector and of tetraploidy i n 

another. 

The p o s s i b i l i t y that the c luster ing method had distorted the 

multidimensional relat ionships between O.T.U's to produce the curious 

' i c lusters found does not seem reasonable, since the between cluster 

T-tests were h ighly s i g n i f i c a n t . The correspondence between tiie 

essent ia l ly two-dimensional relat ionships produced by the clustering 

technique and the multidimensional relat ionships â  indicated by 

the o r i g i n a l cor re la t ion c o e f f i c i e n t , matrix has a corre la t ion of 

+0.86. This method of assessing the amount of d i s to r t ion introduced 

by c lus ter analysis has been described by Sokal and Rohlf (1962) 

and named cophenetic analysis . The cophenetic value of +0.86 i s 

,,as high or higher than those published f o r other clustering programs. 

Sokal and Hohlf (1962). The mathematics employed appeared to be 

sa t i s f ac to ry , so that one must look elsewhere f o r the reasons fo r 

cluster arrangement. I th ink that there are three p o s s i b i l i t i e s 

to account f o r this;;-
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1, The c lus ter ing i s a r e su l t of some unappreciated character 

weighting. This does not seem very l i k e l y since i t i s d i f f i c u l t to 

see how such weighting could r e su l t i n tiie clusters shown i n F i g , 58 

page 107, Casual inspection of the data has not revealed any 

obvious bias. For example, character va r i a t ion may have been 

r e f l e c t i n g the stage of the f lowering season at ^rtiich the plants 

concerned were harvested f o r analysis and resulted in clusters of 

ear ly , middle or l a t ^ f lowering plants . Natura l ly , f o r th is to 

have occurred, a l l or most of the characters would have had to have 

varied i n the same d i rec t ion r e l a t i v e to time of f lower ing, 

2» The c lusters are a true r e f l e c t i o n of morphologiceuL 

differences between 0,T,U's , I f th i s i s the s i tua t ion then the 

system i s detecting genetical segregation on a grand scale, a s ta te­

ment which i s easy to make but less easy to substantiate. The 

sample sizes involved i n this analysis are too small to make anything 

other than in te res t ing speculations. Within-population correlations 

extend from values o f +0.75 to down to -0,30 and individuals do 

appear to f a l l i n to two or more groups wi th high within-group 

correlat ions and lower between-group corre la t ions . For exanple, 13 

indiv iduals representing tiie d ip lo id population from Bearpark, Durham:, 

8) individuals representing the d ip lo id population from Loggerheads, 

F l i n t s h i r e , and 8 individuals representing the te t raploid population 

from Malham Moor, I b r k s h i r e , f a l l i n to three groups comprised as 

f o l l o w s i -
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Group 1 

Bearpark 29,, 42,. 14 

Loggerheads 

Malham 

43, 6, 5, 
12, 40. 

Group 2 

58, 16, 56, 
30, 36, 37, 

55, 5a 

47, 5 1 , . 52 

3 1 , 59, 18, 
10. 

Group 3 

39, 57 

49, 53, 45, 
54. 

T.hese groups were derived by inspection of the o r i g i n a l co r r e l ­

a t ion c o e f f i c i e n t matrix and were not taken from the cluster analysis. 

Certain high between-group correlat ions tend to blur the di^scontin-

u i t i e s so that they can perhaps be best represented by the following: 

diagram:-

w i t h i n -
group 

correlat ions Group 2 Group J Group 1 

between-group and within-group 
correlations 

3. A high proportion of the characters chosen are varying 

randomly i n an uncorrelated fashion and are of no taxonomic value. 

To some extent this p o s s i b i l i t y overlaps w i t h the considerations of 

p o s s i b i l i t y 1 . given above, i n that random fluctuat ions of character 

va r i a t ion could give unnecessary weight to cer ta in groups of characters 

and r e su l t i n spurious c lus ter ings . I f e l t that this p o s s i b i l i t y 



112. 

could account f o r some of the anomalies produced by the cluster 

analysis . 

At th i s stage i n the mul t ivar ia te analysis I had to consider 

which type of f u r t h e r analysis would give the most important 

informat ion. The present resul ts did not j u s t i f y using computer 

time to work out discrimineint characters on such small, heterogeneous 

c lus t e r s . T'est runs o f the discriminant analysis program on small 

batches of data had revealed that discrimination was almost t o t a l l y 

bound up i n chromosome count and pollen grain size when d ip lo id and 

t e t r ap lo id batches were being con^ared. 

I n addit ion I f e l t that the extension of the present analysis 

to include data f o r 140 O.T.U's would give l i t t l e fu r the r information 

on wi th in-popula t ional va r i a t ion and that what was required was an 

inves t iga t ion i n depth rather than wid th , involving samples from 

only two or three populations. Up to- 70 plants per population 

could be included so that a detailed analysis of how ind iv idua l 

characters were contr ibut ing to the within-populational- var ia t ion 

could be investigated. Since the mater ia l required f o r such an 

analysis was not available at the time, I decided to wai t f o r 

another growing season to c o l l e c t , grow and harvest the necessary 

p lan ts . 

No research i s complete, and th is par t icu lar research less so 

than most. I t i s i n th is very unsatisfactory stage i n the multivariate-

analysis that I have had to wr i t e th is thes is . I t i s done so from 
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the pos i t ion of having developed a powerful method of analysis and 

w i t h i t , detecting a most in te res t ing and unexpected type of morph­

o log ica l v a r i a t i o n , which i s orthy of f u r t h e r invps t ig&t ion . 

Appendix âTEpage 205", contains data ajid resul ts of s ignif icance 

tests of in terpopula t ional character comparisons. 

Discussion 

I t i s not ny in ten t ion to discuss i n d e t a i l the meaning o f , and 

ra t ionale f o r c l a s s i f i ca t ions resu l t ing from^a mult ivar ia te approach, 

the fo l lowing texts do th i s most adequately, Cain and Harrison (1958) 

and (1960), Michener and Sokal (1958), Sneath and Sokal ( I 9 6 2 ) , Sokal 

and Sneath ( I 9 6 3 ) , Davis and Heywood ( I963 ) , Eeymod and McNeill (19^4). 

S u f f i c e i t to say, that I th ink that the value of mult ivar ia te methods 

l i e s i n the way i n which more than a few characters can be considered 

simultameously i n a comparative index, such as the product moment 

cor re la t ion c o e f f i c i e n t . Anderson's l:ybrid index (1936) can conven­

i e n t l y be used f o r t h i s purpose on s m l l numbers of characters, but 

i s of l i t t l e value on larger numbers of characters. This i s due to 

the necessity of part ioning the va r i a t ion of each charsuster in to an 

equivalent number of coded units and hence g iv ing a subjective weighting 

f ac to r , Davis and Hey-yood ( I 9 6 3 ) , Sokal and Sneath (1963) have 

erroneously suggested that Anderson's hybrid index i s aMn to discriminant 

func t ion analysis. Discriminant funct ion analysis isolates out tiiose 

characters and character values from a sample of characters which 

discriminate between two groups of organisms. The process i s based 



on select ing those characters which minimise the within-group 

character variance and roazimise the fe;etween-group character variances. 

Whitehead, (1954). Whi ls t i t i s agreed that tiiis process i s also 

the one which a taxonomist may use in tui t ively^ when selecting 

characters f o r use i n a hybrid index analysis, tes t ing the usefulness 

o f the characters selected i s one of t r i a l and error to f i n d the 

r i g h t number and combination of characters which w i l l adequately 

discriminate between groups. I . t might perhaps be more log ica l to 

regard the hybrid index technique as a rather crude combined index o f 

comparison and c lus ter ing technique. 

The clusters or taxa derived by the c lus ter ing techniques are 

na tura l i n the sense of being composed of OLT.Di's which have an overa l l 

s i m i l a r i t y based on a maximum number of a t t r i bu t e s . There are no 

phylogenetical connotations attached to such resul ts an3 whi l s t 

phylogenetical reasons, i f they were known, may provide an explanation 

f o r the arrangement of clusters of O.T.U's^ a l l that can be safe ly 

assumed i s that clusters have been constructed ' na tu ra l l y ' as defined 

by Gilmour (1940). Cain and Harrison (I960) have called c lass i f i ca t ions 

based upon na tura l c lus ters , phenetic, and have defined and i l l u s t r a t e d 

precise ly ttie differences between phenetic and phylogenetic or phylet ic 

c l a s s i f i c a t i o n s . 

No taxonony is better than the characters upon which i t i s 

based and th is i s accentuated i n numerical taxonon^y where the 
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large numbers of characters involved can r e su l t i n large errors from 

f a u l t y character se lec t ion . Unfortunately, the large numbers o f 

characters employed of ten precludes an intimate knowledge of va r i a t i on 

of the characters concerned. Frequently, as has been carried out i n 

the present analysis , other author i t ies have to be consulted on the 

a v a i l a b i l i t y and type of sui table characters, e.g. Michener and Sokal 

(1958) used characters which competent taxonomists had thought use fu l . 

Kendrick (I964) has defined a character as ajiy a t t r ibu te of an 

organism that can be detected and described. This d e f i n i t i o n has 

been ref ined by Kendrick f o r taximetric work to the f o l l o w i n g : -

"any a t t r i b u t e f e f e r r i n g to form, structure or behaviour which can 

occur i n any group of organisms as one or more mutually exclusive 

states". To th is should be added "and which cannot be fu r ther sub­

divided l o g i c a l l y " , Sokal and Sneath ( I963) . 

Cain amd Harrison (1958) have e x p l i c i t l y stated the rat ionale 

f o r choosing characters f o r taximetr ic work. I t includes considerations 

of l o g i c a l l y correlated characters i n which two or more characters are 

correlated through a func t iona l relat ionship e.g. an increase o f c e l l 

size associated w i t h an increase i n chromosome number can e f f ec t both 

pol len grain s ize and guard c e l l s ize . I t would be un ju s t i f i ed to 

include both of these characters i n a mul t ivar ia te analysis. - Prac t ica l ly , 

the greatest d i f f i c u l t i e s arise when characters have part ia l^ l o g i c a l 

correlat ions between them e.g. increase of leaf area i s dependant upon 



116. 

increase o f leaf length and i f leaf width and area are being used i n 

an analys is , then l ea f length would have to be excluded. I n addi t ion , 

i nva r i a t e characters should not be included i n an analysis. 

Appl icat ion of such r i g i d c r i t e r i a to the present study has 

been met w i t h varying success. Some characters had an overal l high 

co r re la t ion but were included because the degree o f correlat ion 

varied amongst the O.T.U's s tudied. For example, the mean depth of 

l e a f inc is ions of basal, lower stem and mid stem leaves were correlated 

p o s i t i v e l y but the degree of cor re la t ion amongst O.T.H'^s d i f f e r e d . 

From personal experience of morphological va r i a t ion wi th in the species 

complex being s tudied, I f e e l that such differences i n corre la t ion 

levels are of taxonomic value. I t i s probable that they represent 

genet ical d i f ferences , since they appear to be f a i r l y constant. A 

cursory examination o f va r ia t ion of the characters concerned would 

probably have resulted i n assessing that the depth of l ea f incisions 

of d i f f e r e n t leaves were completely dependant upon each other. The 

problem of detecting p a r t i a l l y dependant characters i s a d i f f i c u l t y 

i n which only experience of va r i a t i on of the characters concerned can 

be of ary assistance, l^jr own experience would indicate that the 

number of p a r t i a l l y dependant characters recognised i s more or less 

propor t ional to the amount of time spai t studying var ia t ion of the 

plants concerned. 

P a r t i a l dependancy of characters produces a p a r t i a l weighting 

which cannot be avoided, but complete dependancy can and should be 
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avoided. Sarker et a l . ( I966) , working on s o i l types, recommend 

carrying out an i n i t i a l R-type corre la t ion c o e f f i c i e n t and c lus ter 

analysis between characters from the same po ten t i a l s o i l type and 

el iminat ing a l l but one menber o f groups of s imi la r characterist ics 

produced by high cor re la t ion c o e f f i c i e n t s . The remaining characters, 

which should then vary independantly of each other, can be used i n a 

normal Q-type analysis , see page/^/, A problem i n using this 

technique l i e s i n the danger of eliminating p a r t i a l l y dependant 

characters, where the independant va r i a t ion i s of tazonomic in te res t . 

The only l o g i c a l procedure would be to select a l eve l of corre la t ion 

above which characters could be regarded as being f u l l y dependant, 

i . e . .vhere the co i r e l a t ion i s not s i g n i f i c a n t l y d i f f e r e n t from a 

value of +1 or - 1 . Normal confidence l i m i t s based upon such observations 

T/ould set the corre la t ion levels at approximately -.75 and +,75» 

respect ively . However, the precise levels would have to be determined 

by t r i a l and error using p a r t i a l l y dependant characters, whose 

taxononiic worth had already been assessed by other methods. 

Most numerical taxonomists support the idea of giving equal 

weight to characters on the grounds that there are no precise c r i t e r i a 

f o r weighting characters. Ilendrick and Proctor (I964) have advocated 

g iv ing d i f f e r e n t i a l weighting on the basis of absence of 'primary' 

characters which can be subdivided into a number of 'secondary' 

characters. They th ink that differences between t-vo O.T.U's, one o f 

which l i c k s a 'primary' character, should express not one character 
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d i f fe rence but x character d i f ferences , where x represents the number 

o f 'secondary' characters present i n the primary character concerned. 

An example of a 'pr imary ' character and i t s associated 'secondary'' 

characters might be a stem hair and i t s size and shape parameters, 

LiDng (1966) has pointed out cor rec t ly the inherent errors i n proposing 

such a weighting system and that i t would not have resulted i f Kendrick 

and Proctor had had an accurate understanding of the d e f i n i t i o n of a 

character as used by most numerical taxonomists. Their defect appears 

to l i e i n disregard f o r the phrase "and vrtiich cannot be fur ther sub­

divided logical ly" , (page II6?, 

S.imilar ly, Whitehead (1954) recommended weighting characters 

p ropor t iona l ly to t he i r discriminant func t ion . The error i n logic 

behind t h i s pa r t i cu l a r weighting technique.or indeed that suggested 

by Williams et a l . (I964.) l i e s i n the necessity to f i r s t circumscribe 

the groups. Tlxere i s no obvious way around th i s par t icular problem. 

Williams and Lance (L965) have pointed out that since polythet ic 

c l a s s i f i c a t i o n s are normally based upon a f i n i t e number o f individuals 

and a t t r i b u t e s , they are p r o b a b i l i s t i c . S.plits and fusions of groups 

w i t h i n such a c l a s s i f i c a t i o n only have a p robab i l i ty and not a c t u a l i t y 

of r e f l e c t i n g a b io log i ca l s i t u a t i o n . They add that since, a t least 

t h e o r e t i c a l l y , the uses of a polythet ic c l a s s i f i c a t i o n are i n f i n i t e 

and the numbers o f individuals and attr ibutes considered f i n i t e , 

then th i s produces d i f f i c u l t i e s i n assigning a p robab i l i ty or significance 

l e v e l to the fus ion or s p l i t t i n g of groups, Williams and Lance suggest 
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tha t i t i s more l o g i c a l to consider c l a s s i f i ca t ions not on t h e i r 

p r o b a b i l i t i e s but on whether they can be assessed as p ro f i t ab l e or 

i n f o r m t i v e . From tiiis i t fo l lows that there are no inherent ly 

' co r rec t ' c l a s s i f i ca t ions and the argument tha t polythet ic c l a s s i f i ca t ions 

are better because they contain more informat ion, becomes redundant 

i f information can be extracted more e f f i c i e n t l y from monothetic 

c l a s s i f i c a t i o n s . 

However, i f c l a s s i f i ca t ions have a predic t ive or useful value 

then th i s value must be a r e f l e c t i o n not only of the number of a t t r ibutes 

and indiv iduals u t i l i s e d i n constructing the c l a s s i f i c a t i o n , but also 

o f the "qua l i t y ' o f those a t t r ibu tes or characters. 

I n the present study, although some in te res t ing morphological 

correlat ions have emerged, i n s u f f i c i e n t knowledge was known about 

the characters p r i o r to the analysis . I t i s inadequate to accept 

on f a i t h morphological characters which previously herbarium sheet 

taxonomists have used,or which one i n t u i t i v e l y fee l s are of taxonomic 

in^ortance, 0.nly from growth, genetical and comparative morphological 

experiments can the necessary information f o r adequate character selection 

be co l l a t ed . Unfortunately, the morphological characters which plant 

taxonomists use normally have complex developmental and va r i a t i ona l 

patterns^which can only be adequately described a f t e r intensive study. 

The enormity of such a task precludes the p o s s i b i l i t y of carrying out 

an analysis on a wide range o f d i f f e r e n t taxa successfully. Because of 

th is I f e e l tha t numerical taxonomical methods can probably be applied 

to the best advantage to studies i n depth of taxonomic groups at or 
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beneath the generic l eve l since i t i s only i n such a s i tua t ion that 

the many facets o f character var ia t ion can be studied adequately. 

Conclusions 

Morphological va r i a t i on i n Chrysanthemum leucanthemum L . has 

proved most d i f f i c u l t to dichotomise l o g i c a l l y . Single characters 

i r simple combinations of characters have been shown to be inadequate 

to f u l l y d is t inguish between d ip lo id and te t rap lo id population 

sanples. 

I n i t i a l analyses by numerical taxonomic methods have indicated 

the need f o r intensive invest igat ions on int ra-populat ional var ia t ion 

before a morphologiceil survey of the species complex can be 

adequately carried out. 
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TMONQMIGAL A I ^ NOMEUCLATURAL COI^IDERATIOI^ IN 
CHRISMTHEMUM LEUCAI'IIHEMUM L . 

SEICU LATO 

Srom a posi t ion of having incomplete information on morphological 

v a r i a t i o n , i t i s d i f f i c u l t to make meaningful recommendations on the 

taxonomy o f a group. I t might be useful to b r i e f l y consider what 

information has been gained from the present and previous studies 

and compare i t to what would be required f o r a f u l l taxononomic 

rev i s ion o f Chrysanthemum leucanthgnum L . sensu l a t o . 

The fo l lowing are the most important p o i n t s j -

1) 85?S o f the material examined under experimental conditions was 

of B r i t i s h o r i g i n . This bias means that comments passed on material 

of fo re ign o r i g i n could be subject to enormous sampling errors, 

2) The environmental cont r ibut ion to morphological va r i a t ion is 

probably considerable. This means that a taxonomic study carried out 

so le ly from herbarium specimens could r e su l t i n serious errors i n 

making r e l i a b l e assessments o f morphological s i m i l a r i t i e s and d iss imi la r ­

i t i e s . I n other words, material gathered from wide ranging l o c a l i t i e s 

needs to be grown under uniform conditions on a much wider scale than 

has been attempted to date i n Chrysanthemum leucanthemum L , Another, 

and perhaps more feasible a l te rna t ive would be to co l la te the experi­

mental data of several d i f f e r e n t workers from d i f f e r o i t countries. By 

th is i f would not be intended simply to l i s t chromosome numbers, as 

has already been carried out ad nauseam, but to make voucher specimens 

complete w i t h detai ls o f growth conditions, f u l l y avai lable . 
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3) There spears to be i n s u f f i c i e n t evidence f o r regarding B r i t i s h 

material as two species, corresponding to the d ip lo id and te t raploid 

morphological levels of polyploidy. This judgement must be tempered 

by the f a c t tha t complexities o f morphological va r i a t ion wi th in Br i t i fe i i 

populations require f u r t h e r analysis. 

4) The recent paper o f Favarger and Y i l l a r d (I966) indicates that 

the morphological c r i t e r i a f o r separating diploids and tetraploids 

i n Siwiss material may be f a r f l i m s i e r than the p r io r paper of 

Favarger (1959) led one to bel ieve. Using the v a r i e t a l nomenclature 

o f Br iquet et C a v i l l i e r , they s t a te : -

" i l y a aussi des plantes si morphologie intermediaire entre ce l l e 

de l a var . lobsturn (d ip lo ide) et c e l l e de l a var . pratense ( t4 t r ap lo ide ) , 

par exemple des individus dont l a f e u i l l e , plus large que dans l a 

premiere, i ' e s t moins toutefois que dans l a seconde". From t h i s , 

and other points i n t he i r paper, i t appears that the var ie t ies lobatum _ 

(d ip lo id ) and pratense (jbetraploid) (see page/J5) grow together, have 

morphological intermediates between then and can only be distinguished 

by a d i f ference i n f lower ing time. They state that diploids commence 

to f lower 20 days before the te t rap lo ids . A most disturbing feature 

o f the above-mentioned paper i s that the l i s t s of chromosome counts 

I n the present work growth experiments revealed no ove ra l l differences 
i n time of f lowering of diploids and tetraploids of B r i t i s h and 
Continental p lants . However, induction of polyploidy by colchicine 
treatment, cause the synthesised polyploids to flower some days before 
the parent d ip lo ids . 
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reveal tha t less than 110 d ip io id and te t raploid plants have been 

counted. 

Bearing i n mind the incomplete state of knowledge of va r i a t ion 

i n the species both from my own work and from oti iers, I have very 

t e n t a t i v e l y constructed a working check- l i s t and a set o f description^ 

page No attempt has been made to construct an a r t i f i c i a l key. 

Chrysanthemum leucanthemum was f i r s t described by Linneaus i n 

his Hortus C l i f f o r t i a n u s and la te r i n Species Plantarum. Lamark i n 

•Flora Prancaise transferred the species to the genus Leucanthemum M i l l , 

and gave i t the s p e c i f i c name of vulgare. Since the time o f Lamark, 

various authors have placed the 'leucanthemum' species in to either 

o f the two genera. Briquet et C a v i l l i e r (1916), employing both 

anatomical and carpological evidence, supported the view of Lanark. 

Since then the anbryological work of Harling (1951) has added fu r the r 

evidence f o r the acceptance o f Chrysanthemum, Leucanthemum and Tanacetum; 

as separate genera. The c l a s s i f i c a t i o n i n the B r i t i s h Flora appears 

to have been governed by the i l l o g i c a l posi t ion adopted by Bentham 

and Hooker, (neywood, (1958)), who united Pyre thrum and Leucanthemum 

w i t h Chrysanthemum but kept Tanacetum as a separate genus. The l a t e s t 

ed i t ion of Clapham, Tut in and Warburgh (19^2) recognises Chrysanthemumj. 

Leucanthemum and Tanacetum as subgenera of the genus Chrysanthemum. 

Up to th is poin t i n the s c r i p t , the generic name of Chr.ysanthemum 

has been used f o r personal convenience, but i n the fo l lowing examination 
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of specif ic nomenclature Leucanthemum w i l l be regarded as the valid 

generic name. 

A nomenclatural cheofelist of Leucanthemum vulgare 
Lamk. 

I 

Leucanthanum vulgare Lamk. F l . f r . I I , 137 (1778) 

= Chrysanthemum leucanthemum L.. 

Sp. P lant . , Ed. I , 888 (1753) 

Subsp, t r iv ia l e (Gaudin) Briquet P.P. F l . Mar. Alp . , I I , 84 (I9l6) 

= subsp, praecox Hovatic pp. maxima 

Acta Bot. Ins t . Bot. Un. Zagreb 

10, 61, (1935) 

= var. pinnatifidum Lec. et Lam. 

Cat. p i . vase. plat, centr., 227,(1847) 

Var. alpicolum GremM F l . anal. Suisse, 2nd E d , , 272, (18.98) v 
= Chrysanthemum atratumGaud. A, helv, V, 344 

(1829). 
Var. lobatum Briquet. Ann. cons, et Jard. bot. Geneve, U r , 120, 

(1899) 

Var. autumnale (St.Am) Briquet F l . Mar. A lp . , H , 84 ( I9 l6 ) . 

= var. laciniatum Briq . 

A/in. Cons, et Jard. bot. Geneve I I I , 
121 (1899) 

= var. coronopifolium F i e r i et Baol, 

F l . anal. I t , , I H . , 239- (1903) 

Subsp. ircutianum (DC)Pearson. 
= Leucanthemum ircutieinum (Turc=:) DC. 

Prodr., V I , k£ (1837). 
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Var. pratense Timb-Laqr. B u l l . soc. damph., 1 , 230 (1879) 

Var. praestans Briquet P I . Mar. A l p . , n , 89 ( l 9 l 6 ) 

The related taxa o f Leucanthemum nKJntanum ( A l l i o n i ) , Leucanthanum. 

psillens Rotty, Leucanthemum maximum DC., and Leucanthemum heterophyllum 

DC have not been considered since i n s u f f i c i e n t experimental material 

has been examined. However, t en ta t ive ly , there appear to be inadequate 

morphological reasons f o r regarding them a l l as separate species. I t 

i s possible to trace a continuum o f va r i a t ion of leaf morphology from 

subsp. t r i v i a l e to Leucanthemum montanum DC. S.ee f ig .56 page/o/^. 

Descriptions of the subspecies and var ie t ies believed 
'to occur i n the B r i t i s h I s les 

Leucanthemum vulgare Lamk. 

subsp. t r i v i a l e (G-audin) Briquet 

1 . Both branched and unbranched forms 
Less s trongly branched than i n subsp, ircutianum 
Average number of branches = 0,7 (0-0,7-2) 

per stem 

2. Average height = 46 cms (35-46-65) 

3. Average diameter of caoitulum ( including ray f l o r e t s ) = 5.20 cms 

(40-5.2-6.8) 

4 . Average length of ray f l o r e t s = 1.6? cms (1.45-1.67-2.1) 

5. Average diameter of pollen ( including sptnft« ) = 30.0 microns 

6. Number of chromosomes = 18 (28-30-32) 
7. Basal leaves i r r e g u l a r l y crenately lobed, of ten deeply incised. 

8. Mid-stem leaves l inear- lanceolate . Uaually i r r egu l a r l y toothed or 
lobed. 
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9. Mid-stem leaves usually p i n n a t i f i d at base. 

10. Both long and short l ived perennials. 

Var. alpicolum Gremli 

L . Average height = 40 cms. 

2 . Uniformly unbraiiched 

3. Mid-stem leaves are regu la r ly dentate and have long basal aur ic les . 

4 . "She margins of the invo lucra l bracts are black. 

5. This va r ie ty i s ecologically d i s t i n c t from other var ie t ies and i s 
found on base r i c h so i l s i n ^natural ' communities e.g. Malham 
Tarn, Humphrey Head. 

Var, lobatum Briquet 

1 . Average height = 50 cms, ' 

2 . Both branched and unbranched forms occur. 

3. Basal and mid-stem leaves are smal l , and i r r e g u l a r l y lobed. 

4 . Basal leaves are obovate and mid-stem leaves lanceolate. 

5» The nargins of the invo luc ra l bracts are dark brown. 

6. This i s a cosmopolitan va r i e ty and grows on roadsides, ra i lway 

embaunkments, i n meadows and hayf ie lds . 

Var. autumnale S t . Am. 

1 . Average height 60 cms. 
2 . Normally branched. 

3. The leaves are large and i r r e g u l a r l y and degply lacinate to p inna t i -
lobed. 

4 . The basal leaves are obovate and the mid-stem leaves lanceolate-
oblong. 

5. The margins of the invo luc ra l bracts are dark brown. 
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6. The stem is frequently of a much lighter green than in other 

varieties and i s usually glabrous. 

7. This variety growns on sea c l i f f s and roadside verges. 

Subsp. ircutianum (DC) 

1. Both branched and unbranched forms. 

Average number of branches per stem = 1.4 (0-1.4-5) 

2. Average height = 54 cms (40-54-75) 

3 . Average diameter of capitulum (including ray florets) = 5.70 cms 

(4.5-5.70-7.0) 

4 . Average length of ray f lorets = 1.82 cms. (1.52-1.82-2.2) 

5. Average diameter of pollen = 340 microns (30-34-37) 

(including spines) 

6. Number of chromosomes = 36 

7. Basal leaves more regularly crenate-dentate than in subsp. tr iv ia le , 
normally with no deep incisions. 

8. Mid-stem leaves linear-lanceolate to oblanceolate. Both regularly 
and irregularly toothed. 

10. Mid-stem leaves pinnatifid to not pinnatifid at the base. 
11. Usually long lived perennials. 

Var. pratense Timb-La(y 

1. Average height = 50 cms. 

2. Normally unbranched 

3. Basal and stem leaves regularly crenate to dentate. 

4 . The cauline leaves are obovate to spathulate, narrow towards their 
bases, and then expand to become obviously auriculate. 

3t A l l Br i t i sh forms studied have proved to be pinnatifid. 
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5. This v a r i e t y grows mainly i n hay f i e l d a and at ttie edge of woods. 

Var. praestans 

1. Average height = 60- cms, 

2 . Usually branched 

3. The leaves are large and o f t en i r r e g u l a r l y dentate to crenate, 
although less so than i n the subsp. t r i v i a l e . 

4 . The cauline leaves are usually oblong and have much thicker 
auricles than i n the otiher v a r i e t i e s . 

5. This va r i e ty grows mainly on road side verges and railway embank­

ments . 

To take account of the morphology of a l l t e t rap lo id plants examined 

another v a r i e t y i s required and from the descriptions i n the l i t e r a t u r e 

th is appears to correspond to the var , adustum (Koch) Hayek of the 

subsp. montanum ( A l l ) Gaudin, Favarger (1959) regards the 'montainum' 

taxon as being taxonomically d i s t i n c t from any o f the Leucanthemum 

vulgare DC, v a r i e t i e s . However, j u s t as Bocher and Larsen (1957) 

found d i f f i c u l t i e s i n dis t inguishing Leucanthemum ircutianum DC from 

L.eucanthemum montanum ( A l l . ) , I have found d i f f i c u l t i e s i n r a t iona l i s ing 

a s p l i t between the subsp. ircutianum (DC) and the subsp. montanum ( A l l . ) 

Gaudin. The problem should be deferred u n t i l f u r t h e r experimsital 

evidence has been obtained. 



S E C T I O N ! vii: 

GENERAL DISCDSSIOH! 
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GENERAL DISCISSION ^ 

The d i f ferent t^es of examination used in the present study 

have, in the main, indicated that there are both genetical similari t ies 

ajid dissimilari t ies between diploid and tetraploid populations. 

There are several possible explanations for th is , includingt-

a) T'etraploidy has arisen by 'autopolyploidy', possibly polytopically, 

and then subsequent hybridisation and evolutionary divergence have 

resulted in some genetical dissimilari t ies, This theory is supported 

by the cytological situation found in newly-synthesised autoploids. 

b) Tetraploidy has arisen by hybridisation 0.f diploid species and 

then induction of 'allopolyploidy' or segmental allopolyploidy 

(Stebbins, 13kf), by chromosome doubling, Eavarger & Vi l lard (I966) 

have shown that the chromosomes of diploid Chrysanthemum leucanthemumLL. 

and Chrysanthemum atratum Jacq., pedr at meiosis in the synthesised 

hybrid which, however, is s t e r i l e . They did not induce an 'allopolyploid' 

from the hybrid, which would have been a most interesting and valuable 

experiment to perform. 

c) Tetraploidy has arisen by a mixture of processes (a) and (b) . In 

aji outbreeding species such as Chrysanthemum leucanthemum L . true 

autopolyploidy can never arise even by straight chromosome doubling 

since there is always a large amount of heterozygosity in diploid 

populations, Simdilarly, when members of different populations of the 

same species or of d i f ferent , closely related species, hybridise, the 

hybrids are unlikely to be completely heterozygous at a l l l o c i . 
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Induction of polyploidy w i l l , therefore, rarely result i n true auto or 

allopolyploidy, in outbreeding species. jfi. basic misconception, 

perpetuated by plant biosystematists, is to refer to polyploidy arising 

by hybridisation between di f ferent species and then chromosome doubling 

as allopolyploid. The term allopolyploid is a genetical one and 

should not be directly linked with morphological species, since the 

genetical s imilar i t ies and dissimilarities between species are often 

unknown and can only be assessed by genetical analysis. 

The problem of incorporating genetical, evolutionary or indeed 

any type of information other than purely morphological, into the 

framework of a classical taxonomic classification is a general dilemma 

which can only be resolved by considering each case on i t s merits. 

There are no inherently r igh t or wrong classifications, since 

classifications are conceptions of the human mind to assist in 

describing and cataloguing information i n a readily ietreivable form. 

Species, Genera, Families etc. are abstractions which are created to 

describe biological situations in which groups of organisms are 

dis t inct from one another i n certain attributes. Although tradition­

a l l y the attributes considered have been purely morphological, frequently 

with a p r i o r i reasoning on the importance of such attributes thrown 

in for good measure, from the above reasoning i t follows that there 

are as many possible types of species as there are types of attribute. 

The 'raison d'etre' for the biological situation approximated 

by the morphological species is the breeding unit . The breeding 

* I t i s a not unreasonable assumption that a l l groups of higher organisms, 
including flowering plants, were outbreeding at some stage of their 
evolution and that this preceeded inbreeding systons. 
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unit ref lects one of a number of dif ferent isolating mechanisms 

including spatial, temporal, structural and genetical, Davis and 

Heywood (1963), and has the potentiali ty for individual evolution 

or speciation. 

Valentine (1949) has made the distinction between isolating 

mechanisms which evolve gradually and those which are produced abruptly. 

Induction of polyploidy is an example of an "̂ abrup't* isolating 

mechanism. I t i s accepted that in general a change in level of ploidy 

constitutes a barrier against gene flow between the two ploidy levels. 

Tn most instances, the formation of tr iploids does not i n i t i a t e gene 

flow between the diploid and tetraploid levels. However, in situations 

i n which diploids and tetraploids can be synpatric .as in the present 

study, there is always the possibi l i ty of f e r t i l i s a t i on involving 

unreduced gametes from diploid plants and normal gametes from tetra-

ploid plants. Such hybridisation would be unidirectional. 

Consideration of evolutionary mechanisms and pathways is an 

intr iguing pursuit but unfortunately has no direct contribution to 

make to classical taxonomy. However, knowledge of breeding groups 

may be of assistance fo r indicating where to look for morphological 

variations which can be given taxonomic recognition. Where 

morphological and genetical discontinuities coincide then natural 

X 
In the hybridisation experiments described in Section I I I , some 

tetraploid plants resulting from 2n x 4n crosses, and originally 
interpreted as being produced by tetraploid selfing rWere found to be 
highly s te r i l e . These could have been hybrids produced from unreduced 
diploid male gametes and tetraploid female gametes. 
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taxonomic groups can be created. Some biosystematists regard the 

possession of d i f ferent levels of polyploidy within an existing 

species as suff ic ient evidence fo r creating separate species. 

Eor the general requirements of taxonomists only morphologically 

d i f fe ren t groups of plants have a usefulness as separate taxa and 

"cryptic polyploids should, therefore, receive no taxonomic recognition." 

Heywood, (1959). Walters (19^) has pointed out that experimentalists 

have to use the framework of orthodox taxonomy as basic reference 

points. The usefulness of such a morphological framework would be 

decreased i f i t were unduly distorted by trying to incorporate genetical 

and other types of experimental data. The usefulness of the frame­

work would also be increased i f such information could be incorporated 

without dis tor t ion. Various systems of classifying experimental 

information and using them to supplement the classifications of 

orthodox taxonomy have been proposed. These include the gene exchange 

system of Turesson (192^) and the multi-purpose Heme system proposed 

by Gilmour and Qregor (1939). The benefits and d i f f i cu l t i e s of 

applying such systems have been discussed by Valentine and Love (.1950)» 

£Lnd Davis and Heywood (1963). I t might be added that the necessity 

fo r using biosystematic classifications has never been f e l t i n the 

present study. 

With regard to the present study,, there appear to be insuff ic ient 

morphological differentiae for successfully dichotomising Br i t i sh 

oxe-«yed daisies into groups corresponding to the diploid and tetraploid 
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states. There are some interesting parallels between this work and 

that of Torres (1965) on the chromosome races of Zinnia .juniperifolia 

who found tetraploids with a reduced quadrivalent frequency below the 

expected value for observed chiasma frequency in diploids. In addition 

there were a few rather indiscriminate morphological differences 

between the chromosome races. The closing remarks of Torres are 

equally applicable to the Chrysanthanum leucanthemum L . situation 

in the Br i t i sh I s les : - "At this point i t seems best, at least 

tentatively, to retain the tetraploid as a race of the parent species." 
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Origin of material 

Festiniog, 
Merionethshire 

Aberdovey, 
Iferionethshire 

Pantymyn, 
Denb;jghshire 

Gorwen, 
^ferionethshire 

Loggerheads, 
Flintshire 

Aberdovey, 
Merionethshire 

Aberystwyth, 
Cardiganshire 

jfeeshafn, 
Flintshire 

Gwynermynedd, 
Flintshire 

Loggerheads, 
Flintshire 

Cwym Idvra.1, 
Caernarvonshire 

Garnedd Daffydd, 
Caernarvonshire 

L i t t l e Haven, 
Pembrokeshire 

Monkhaven, 
Pembrokeshire 

Sands, 
Cornwall 

Ecological feature of 
loca l i ty 

Hayfield 

Roadside - grass verge 

Limestone bank, 
roadside 

Grazed pasture-river 
bank 

Limestone quarry bank 

Cemetery,-" mown 
grassland 

Botanic Gardens 

Hayfield 

Roadside, mown grass 
verge 

Limestone c l i f f 

Rock face, 2,000 f t . 

Wet rock ledges, 
2,500 f t . 

Sea c l i f f s 

Sea c l i f f s 

Boulder clay, sea 
c l i f f 

Count 

2n 
n 

2n 
n 

2n 
n 

18 
9 

18 
9 

2n = 36 

18 
9 

2n = 18 

2n = 18 
n = 9 

2n = 36 

2n = 18 

2n = 18 

2n = 18 

2n = 18 

2n = 18 

2n = 18 
n = 9 

2n = 18 

2n = 18 
n = 9 

No. of 
plants 
counted 

10 

3 

3 

3 

5 

5 

10 

5 

10 

5 

10 
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Origin of material 

Bexhill-on-sea, 
Sussex 

Bedford, 
Bedfordshire 

Fen End, 
Warwickshire 

hhtlock, 
Derbyshire 

BUxton, ' 
Derbyshire 

Edale, 
Derbyshire 

East . 
Yorkshire 

h'klhsaa lloor, 
Yorkshire 

I«felham Tarn, 
Yorkshire 

H e l l i f i e l d , 
Yorkshire 

Teesdale, 
Yorkshire 

Teesdale, 
Yorkshire 

Pickering, 
Yorkshire 

Mllersdale, 
Derbyshire 

Gassop Vale, 
Co. Durham 

Ecological feature q.f 
- loca l i ty 

Permanent pasture 

Bank of r iver 

Grass verge in 
cemetery 

Pasture, 
river barik 

Limestone bank, 
roadside 

Edge of meadow, 
grazed 

Limestone bank, 
roadside 

Roadside verge 

Limestone rock 
ledges, 1,300 f t . 

Railway 
embankment 

Dry water course 

Grazed permanent 
pasture -

Stubble 
cornfield 

Bed of limestone 
quarry 

Pi t slag heap 

Goimt 

2n = 36 

2n = 36 

2n = 36 
n = 18 

2n = 36 
n = 18 

2n = 36 
n = 18 

2n = 36 
n = 18 

2n = 36 

2n = 36 
n = 18 

2n = 18 
n = 9 

2n = 36 

2n = 36 

2n = 36 

2n = 36 

2n = 36 

2n = 36 

No. of 
plants 
counted 

10 

10 

10 

10 

10 

20 

3 

1 

3 

6 

6 

6 

3 
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\ Origin of material 

"Ferryhill , ' 
Co. Durham 

Durham City, 
Co. Durham 

Durham City, 
Goi. Durham 

Silverdale, 
Westmorland 

Shap, 
Westmorland 

Lawyers, 
Perthshire 

Enochdhu, 
Perthshire 

B'allinling, 
Perthshire 

Pitlochry, 
Perthshire 

Keltny BUrn, 
Perthshire 

Fort William, 
Invemes shire 

Inverness, 
Invernesshire 

Old Meldrum, 
Aberdeenshire 

Broadford, 
Skye 

Do mock F i r th , 
Sutherland 

Sligo, 
Eire 

Ecological feature of 
loca l i ty 

Permanent pastvire 

Roadside bank 

Disused openland 

Limestone bank, 
roadside 

Unknown roadside 
verge 

Hayfield 

Waste ground, 
roadside 

Permanent pasture 

Roadside grass 
verge 

Roadside grass 
verge 

Roadside grass 
verge 

Roadside grass 
verge 

Roadside grass 
verge 

Permanent pasture 

Roadside grass 
verge 

Roadside grass 
verge 

Count 

2n = 18 

2n = 18 
n = 9 

2n = 36 
n = 18 

2n =36 

2n = 36 
n = 18 

2n = 36 

2n = 36 

2n = 36 

2n = 36 

2n = 36 

2n = 36 

2n = 36 

2n = 36 

2n = 36 
n = 18 

2n = 36 

2n = 36 

No. of 
plants 
counted 

10 

5 

1 

10 

3 

3 

/•3 

1 

10 

3 

3 

10 



137. 

Origin of material 

Lizard, 
Cornwall 

Various loca l i t ies , 
Cornwall 

F r i u l i , 
I t a l y 

San Pelegrino, 
I t a l y 

UTdine, 
I t a l y 

Ispragunaja, 
Caucassus, USSR 

Leningrad, 
USSR 

Minsk, 
USSR 

Bohemia centralis, 
CSSR (1) 

Bohemia centralis, 
CSSR (2) 

Bohemia centralis, 
CSSR 

Iforavia septentrion-
a l i s , CSSR 

Bohemia centralis, 
CSSR 

Carparticum, 
Praetatricum, CSSR 

Slovakia septen-
t r iona l i s I . " " ^ i • 

Ecological feature of 
loca l i ty 

Sea c l i f f 

Sea c l i f f 

Not known 

Limestone, 
2,000 f t . 

Not known 

Not knovm 

Not known 

Not known 

Not knovjn 

Not known 

Not known 

Not knovm 

Not known 

Not known 

Eoib' fcnownii-

Count 

2n = 18 
n = 9 

2n = 18 

2n = 36 

2n = 36 

2n = 36 
n = 18 

2n = 36 

2n = 5k 
n = 18 

2n = 36 

2n = 36 
n = 18 

2n = 36 
n = 18 

2n = 36 
n = 18 

2n = 36 

2n = 36 

2n = 36 

2n = 36 

No. of 
plants 
counted 

10 

30 

3 

3 

8 

3 

3 

3 

8 

8 

10 

3 

3 
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Origin of material Ecological feature of 
loca l i ty Count 

No.- of 
plants 
counted 

Liberec, 
CSSR 

Sturovo,Slovakia 
meridionalis CSSR 

VJolin Insula, 
Poland 

Bakia-Gora, Cracow, 
Poland (1) 

Cracow, 
Poland (2) 

Kbmapolsa, . 
CCCP 

Iferia besuyo, 
Hungary 

Zagreb, 
Yugoslavia 

Sarajevo, 
Yugoslavia 

Sott d'Sella, 
France 

Kircheim, 
Austria 

Crozon, Finistere, 
France 

Lauteret, Haute Alpe, 
France 

Nantes, 
France 

Ifessif du Hohneck, 
Strasbourg, 
France 

Mountain side 2n = 36 

Sandy habitat. Bank 2n = 36 
of Danube n = 18 

Not known 2n = 36 

Ivfountain side 2n = 36 

I-fountain side 2n = 36 

Not known 2n = 36 

Not kno\m 2n = 36 

Not known 2n = 36 

High meadow, 2n = 18 
5,000 f t . 

Not known 2n = 36 

Not known 2n = 36 

Not known 2n = 18 

Not known 2n = 54 

Not known 2n = 36 

Acid meadow, 2n = 36 
3,500 f t . 

5 

3 

3 

3 

3 

3 

3 

10 

10 

3 

3 
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A . • ^ J. • T Ecological feature of 
6rigin of material loca l i ty Count 

Benasque, Central 
Pyrenees, Spain 

Valle d^Astos, 
Central Pyrenees, 
Spain 

Tirou de Toro, 
Central Pyrenees, 
Spain 

Jaca, Central 
Pyrenees 

B'aleia Combra, 
Portugal 

Lund, 
Sweden 

Sibjansnas, 
Salarms., Sweden 

Frederikessund, 
N.Zealand, 
Denmark 

Ottawa, 
Canada 

Ottawa, 
Canada 

Hayfield, 3,000 f t . 2n = 36 

Subalpine - pine 2n = 18 
zone, Z ,̂500 f t . 

Alpine^limestone sub- 2n = 18 
stiratum 7,000 f t . 

Dry pasture, 2n = 5U 
2,000 f t . 

Not known 2n = 54 

Not known 2n = 36 

Not known 2n = 36 

Sea c l i f f s 2n = 18 

Not known 2n = 18 

Not known 2n = 18 

No. of 
plants 
counted 

8 

10 

3 

3 

3 

3 

3 



A P P E N D I X I I 

A LIST OF CHR0M3SQME COUNTS AND 

CBIGIIC OP THE MATERL'Ua USED 
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APPENDIX I I . 

Summary of Published Chromosome Counts of Leucanthemum 
vulgare Lamk. sensu lato 

Author Year Origin of 
material 

Chrom. 
Count 

Nomenclature given 
by authors 

Tahara 1915 Unknown 2n = 36 C. leucanthemum L. 

Tahara 1921 Unknown 2n = 36 n 

Orth 1950 Central Europe 2n = 36 n. 

Shimotomai 1933 Unknown 2n = 36 n 

Shiraotomai 1937 Innsbruck and 
Kaiserstuhl 

2n = 36 C. ircutianum Turcz 

Cooper and 1935 Campus, Univ. of 
Wisconsin, U.S.A. 

fi = 18 C. leucanthemum L. 

Negodi 1937' Unknown 2n = 36 n 

Rohweder 1937 Sand-dune region 2n = 36 n 

Polya 1950 

Do w i c k 1952 

Dowrick 1952 

Dowrick 1952 
Doxjrick 1952 
Suzuka 1953 
I-fertin and 1955 
Smith 
" I I 

Love and Love 1956 
Baksay 1956 

Darr-Zingst, 
Germany 

Railway embank­
ment Province 
Hajdn-Bihar, 

. Hungary 
Botanic Gardens 
Glasnevin, 
Dublin 

Botanic Inst, 
of Lausanne, 
Switzerland 

N. Pyrennees 
Portugal 
Unknown 
Corvallis, 
Oregon, U.S.A. 

Iceland 
Csokako, 
Verteskozma 
Somhohegy, 
I'Xts. Vertes, 
Hungary 

2n = 18 

2n = 18 

2n = 54 

2n 
2n 
2n 
2n 

90 
198 
18 
18 

2n = 35 
2n 
2n 

54 
54 

C. maximum Ram. 
G. lacustre Brotero 
C. leucanthemum L. 

n 

C. maximum Ram. 
C. mximum Ram, subsp. 
montanum (Gaudin) 
amend. Baksay 
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Author Year Origin of 
Pub. material 

Chrom. Nomenclature given 
count by authors 

Bbcher and, 
Larsen 
I I 

Bbcher and 
Larssi 

Bocher and 
Larsen 

Bocher and 
Larsen 

n 
Bbcher and 
larsen 
ti 

Bbcher and 
Larsen 
ir 

Bbcher and 
Larsen 
I I 

Bbcher and 
Larsen 
I I 

Bbcher and 
Larsen 

Bocher and 
Larsen 
I I 

Bbcher and 
Larsen 
I I 

Bbcher and 
Larsen 

Bale say 

B'aksay 

Baksay 

Baksay i ; 

1957 Edenderry and 
Scraw bog, 
Eire 

1957 Puszczykowo, 
(Poznan) 
Poland 

1957 5 local i t ies 
from 
Denmark 

1957 Col de Babourde 
a Quillan, 
France 

1957 Col de Pi l lon, 
> Switzerland 

1957 Tatra, 
Poland 

1957 Bydgozcz, 
Poland 

1957 3 loca l i t i es , 
Yugoslavia 

1957 Zagorsk, 
USSR 

1957 6 loca l i t ies , 
Sweden 

1957 22 local i t ies , 
Denmark 

1957 Porto, 
Portugal 

1957 Central ms. 
Hungary 

1957 Central I»rts. 
Hungary 

1957 High Tatra, 
CzechslovaMa 

1957 High Tatra, 
Czechslovakia 

2n = 18 C. leucanthemum L. 
sensu i t r i c t o 

2n =.18 

2n = 18 

2n = 36 C. ircutianum Turcz. 

2n = 36 

2n = 36 

2n = 36 

2n = 36 

2n = 36 

2n = 36 

2n = 36 

2n = 54 

2n = 18 

2n = 54 

2n = 54 

2n = 54 

or 
C. montanum i i . l l . 

C. pallens Gay 

C. leucantheTium L. 
subsp. t r i v i a l e 

Gaudin 
C. maximuin _Ram. 

C. maximum Ram, subsp. 
montanum ( A l l . ) 
Gaudin amend Baksay. 



Author 

Vnlligan 

Milligan 

Favaxger 

Favarger 
Favarger 

Favarger 

ti u i l i g a n 

VixLligan 

I f i i l l i g a n 

Milligan 

Skalinska 
et a l 

Skalinska 
et a l 

Skalinska 
et a l 

Favarger & 
V i l l a r d 

Year Origin of 
Pub. material 
1958 Batiscom, Lauzon, 

Lennozville-
Quebec Tidehead 
New Brunswick 

1958 32 l o c a l i t i e s , 
Newfoundland, 
Lab., P.E..I., 
N.S., N.B.y Que., 
Ontario, B.C. 
and Me. 

Several l o c a l i ­
t i e s i n Switzer­
land & France 

1959 

1959 
1959 

1959 

•1959 

1959 

1959 

1959 

Several l o c a l ­
i t i e s i n 
Switzerland 

Yugoslavia and 
N. I t a l y 

Botanic Garden, 
Besancon, 
France 

Bbtanic Garden,; 
Moscow 

Botanic Garden, 
Porto,Portugal 

1961 Several l o c a l ­
i t i e s , Poland 

1964 High Tatra, 
Poland 

1964 Lowland, 
Poland 

1966 Numerous l o c a l ­
i t i e s , both-
alpine &. lowland 
i n Switzerland 

Chrom. Nomenclature given 
count by authors 

2n = 36 C. leucanthemum L. 

2n = 18 C. leucanthemum L 
var. subpinnatifidum 
Femald. 

2n = 18 G. leucanthemum L. 
subsp. praecox Horv. 
and alpicola Gremli. 

2n = 36 G. ircutianum Turcz. 
2n = 54 C. montanum A l l . 

2n = 72 C. heterophyllum Willd. 

2n = 36 C. leucanthemum L. 

2n = 36 

2n = 54 

2n = 54 

2n = 
2n = 
2n = 
2n = 

2n 
n 

18 
36 
54 
18 

2n = 36 

18 
9 

L. vulgare H i l l subsp. 
crassifoliuffl Hoff. 
and Link. 
L. vulgare H i l l subsp. 
pallens D.C. 
C. leucamtheiinuii L. 

C. leucantheimim L. subsp. 
t r i v i a l e vars. alpicolum 
autumnale and lobatum. 
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Author 

Favarger & 
V i l l a r d 

Favarger & 
V i l l a r d 

Favarger & 
V i l l a r d 
Favarger & 
Y i l l a r d 

Favarger & 
V i l l a r d 

Year 
Pub. 

1966 

1966 

1966 

1966 

1966 

Origin of 
material 

Numerous l o c a l ­
i t i e s i n 
Switzerland, 
mainly lowland 

Chrom. 
coiint 

2n = 36 
n = 18 

Numerous l o c a l - 2n - 5A 
i t i e s i n 
Switzerland, 
mainly alpine 

Several Swiss 2n = 72 
l o c a l i t i e s 

Several l o c a l - 2n = 90 
i t i e s i n the 
maritime Alps 
and N. I t a l y 

Several subalpine 2n = 108 
l o c a l i t i e s 
from the Basses 
Pyrenees 

Nomenclature given 
by authors 

C. leucanthemum L. subsp. 
t r i v i a l e vars. pratense 
and praestans. 
Corresponds to 
G, ircutianum Turcz. 
Chrysanthemum montanum 
A l l i o n i (provisional 
nomenclature) 

Chrysanthemum heter-
ophyllum Willd. 
Chrysanthemum 
leucanthe:mim L subsp. 
glaucophyllum. 

' Briquet 8c C a v i l l i e r 
Chrysanthemum maximum 
Ramond 
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DECAILS OF THE VARIOUS CYTOLOGICAL TECHI'JIQPES 

USED IK THE PRESENT' WORE: 
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Gytological Technicues 

Ghromosome analyses were carried out using either actively 

growing root t i p s or stamens. Root t i p s were taken from pot plsmts 

and buds from both pot plants and plants grown i n order beds. The 

sources of material anc" numbers of plants counted are given i n 

Appendix I . 

I l i t o t i c i i a t e r i a l actively growing TOots were removed and placed i n 

a saturated aqueous solution of -broraonapthalene for 3 hours, 

0'I>fera (1948), Dowrick (1952). This pretreataent was found to be iwre 

suitable than either paradichloro-benzene, hydroxy-quinoline or 

colchicine. I t i s essential to make up a fresh solution of -broiao-

nopthalene each time since stored solutions quickly lose t h e i r spindle-

i n h i b i t i n g properties. Fixation was carried out using 3:1, alcohol-

acetic and the material stored at -10°G u n t i l required f o r examination. 

The staining method used was a co^ibined Feulgen-acetocarinine one, 

carried out by f i r s t hydrolysing the roots i n IN Hcl at 60 G f o r 15 iidns. 

» actively growing rents are recognisable by the translucent appearance 
of the t i p as opposed to the whitish opaque appearance i n inactive root 
apical meristems. 
vat Sharma and Sharraa (1965) commenting on Dowrick's (1952) published 
hydrolysis time of 15 minutes f o r Chrysanthemum root t i p s , state that 
the apparently excessive time required f o r t h i s hydrolysis i s to 
f a c i l i t a t e chro .losorae spreading rather than solely f o r the affe c t on 
the staining i n t e n s i t y of the chromosomes. Personal tests have shown 
that a 15-'ninute hydrolysis tirae, whilst not being u l t r a c r i t i c a l 
generally gives the highest staining i n t e n s i t y with a wide range of 
Ghrysanthe.iium leucanthemu-a L. 'naterials. 
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and then staining i n decolorised Schiffs reagent f o r 2 hours, f i n a l l y 

macerating and squashing the root t i p i n a.drop of aceto-carmine. 

Slides were made permanent using the dry ice method of Conger and 

Fai r c h i l d (1953). 

Meiotic material Buds of approximately 5 m.m. i n diameter were fixed 

i n a mixture of 2 parts g l a c i a l acetic, 2 parts chloroform to 3 parts 

alcohol, a f i x a t i v e recommended by Catcheside (1945) for Composites. 

The buds were s p l i t into foiir to f a c i l i t a t e the penetration of the 

f i x a t i v e . I t was found that buds collected e a r l i e r than 9.00 a.m. 

and l a t e r than 11.30 ^!^. were of l i t t l e cytoldgical value since 

diakinesis and metaphase were passed through at t h i s time of day. 

ly ^ t e r i a l was stored i n the f i x a t i v e at -10°C i m t i l required f o r exam­

ination. For staining, the f l o r e t s were scraped out of the capitulum, 

hydrolysed i n IN Hcl f o r 15 minutes at 60°C* and stained i n decolorised 

Schiff's reagent f o r 2 hours. The f l o r e t s were then washed i n SO2 

water. The anthers were removed from the f l o r e t s under a dissecting 

microscope and the contents squeezed out into a drop of aceto-carmine. 

At t h i s point, examination of P-i-I.C-s under the dissecting microscope 

showed whether or not the material was at the correct stage or not. 

I f so, than the anther debris was removed, the slide squaahed and made 

permanent using the dry ice method. 

* This hydrolysis time d i f f e r s from that of Dowrick's (1952) time who 
says that 5 minutes i s the maximum required for meiotic. material i n 
Chrysanthemum. Personal tests showed that a time of less than 10 
minutes resulted i n gross understaining of the material. 
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Pollen G'rain Analysis 

Pollen grains were stained i n acetocarmine by mashing up f l o r e t s 

i n the s t a i n , warming gently and removing the anther debris. A cover-

a l i p was. placed on the s l i d e and the specimen examined. Grains were 

only regarded as f e r t i l e i f t h e i r nuclei stained up. Care was taken 

to scan across the whole slide evenly since there was a predisposition 

f o r s t e r i l e , empty grains to f l o a t towards the edges of the coverslip.. 

Another technical point to be observed was the prevention of drying 

ouf of the 'wet mount* since this resulted i n a lowering of the coverslip 

and an apparent increase i n pollen grain diameter due to squashing. 
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PHOTOMICEOGRAPHJ 
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APPEiroix i v 

Photomicrographlc Techniques 

M3st modern photomicrography i s carried out using 35 m.ra. r o l l 

f i l m and t h i s gives r i s e to problems not normally encountered whilst 

using f i l m of a larger format. The fact that successful chromosome 

staining produces an intense colour difference between chromatin and 

i t s surrounds has engendered the policy amongst chromosome cytologists 

of using photographic materials and methods which w i l l not only 

maintain but enhance the contrast i n the subject being photographed. 

Chromosomes have a rather i n d i s t i n c t edge to them ( t h i s varies with 

the organism and pretreatment used) when c r i t i c a l l y viewed under a 

good o p t i c a l system. When photographed on 35 rn.ra. f i l m using 

'Contrasty'^ processing, chromosomes lose t h e i r i n d i s t i n c t edge and 

look l i k e sticks which may res u l t i n a 'pretty' picture, but i s not 

an accurate representation of the observed appearance down the micro­

scope. The problem of using 'contrasty' materials, does not arise when 

using plates since the number of s i l v e r grains per chromosome i s so 

much higher and hence d e t a i l at the edge of chromosomes i s not l o s t so 

easily. 

To obtain microphotographs of the necessary medium contrast to 

avoid ''sticks' , Kodak recommend Pan-X: developed i n D-76. This gives 

good results but not as good as using mi c r o f i l e , a f i l m of very small 

grain, low speed and high contrast developed i n microdol-X. The high 
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contrast of the f i l m is. compensated by the low contrast of the 

developer, resulting i n negatives of very f i n e grain and medium 

contrast. This combination i s not recoamended by Kodak probably 

because of the c r i t i c a l processing and longer exposure required. 

In f i g s . 59 to 62 are much enlarged prints of the same chromosome 

photographed using d i f f e r e n t materials and processing. 

Two other emulsions which have recently come to my notice and 

seem to have the edge over microfile are the Scientia 62 and 56 

products of Agfa-Gevaert. These are designed s p e c i f i c a l l y for photo-

microscopy and'have certain desireable characteristics including an 

upper colour s e n s i t i v i t y range of 620 and 560 mu respectively, low 

l i g h t scattering properties, a very high resolving power and a bright­

ness of image which cannot be att r i b u t e d solely to contrast. 



149. 

Fig. 59. 35 m.m. Pan-X 
developed in D-76, 
printed on Grade 4 
Bromide 

Fig. ov. ^5 m.m. Pan-X, 
developed in MLcrodoI-X 
printed on G-rade 3 
Broniid e 

Pig, 6 l . 35 m.m. Microfile, 
developed in Jlicrodol-X, 
printed on Grade 3 Bromide. 
Results most closely 
resemble those of the plate 
in terms of detail. 

Pig. 62. Plate 5" x 4" Orto 
type 3. Developed in Universal, 
printed on Grade 3 Bromide. 
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APPEHDIX V 

Chromosome marker s t a t i s t i c s indicate t h a t chromosomes can 

vary by up to 6^ r e l a t i v e to the rest of the complement. Consequently 

examination of few cells can give an erroneous impression of chromo­

some morphology. A 6^ v a r i a t i o n means that only chromosomes with 

widely d i f f e r i n g morphology can consistently be distinguished. I n 

the following karyotypes the chromosomes have been paired by convention 

and also to assist i n establishing the groups. I t i s emphasised that 

paired chromosomes do not mean that the author necessarily considers 

them as being homologous but rather that they show the best morpho­

l o g i c a l resemblance i n the c e l l concerned. 
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Diploid karyotypes 

Karyotypes of a.range of B r i t i s h diploid plants from ê *-- d i f f e r e n t 

populations are given. Chromosome variation appears to f i t i n t o a pattern-

given i n Fig. ̂ 3 page. 351 . 
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^ . I 

FI3.63. 

^ X X V 

I. 2. 3. 
group I 

4. 
group2 

5. 6. 7 
group 3 

8. 9. 
group4 groups 

Pig. 64. The chromosomes are-numbered 
according to the i(3ogram given i n Fig. 63 
I n this c e l l chromosomes 2 and 3 and 5 and 6 
are indistinguishable. 
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marKer normal 

FIG.65 SUGGESTED INVERTED REGION 
ON GROUP 4. CHROMOSOME 
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T r i p l o i d karyotypes 

The four c e l l s analysed are from a 25 chromosome t r i p l o i d . 

Meiotic evidence indicated that the two missing chromosomes were non­

homologous and t h i s assumption has been nade whilst pairing the 

chromosomes. I t can be seen that there are indications of trisomy 

on the basis of the way the chromosomes have been arranged. Bearing 

i n mind the possible (ffi v a r i a t i o n i n size and shape of any one 

chromosome, bivalents and univalents could probably be derived. 

However, the chromosomes do seem to f a l l more easily into three's 

by intention or otherwise. 
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Tetraploid karyotypes 

Karyotypes of B r i t i s h and Polish tetraploids are given. One 

pair of group four chromosomes resembles the Cornish di p l o i d marker 

chromosome and has been noted i n a l l t e t r a p l o i d populations examined. 

Disomy i s indicated by some chromosomes and tetrasomy, v i z . group 2, 

by others. 
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A P P ' E N D I X V I 

ERIITOUT OF PROGRAM AM) RESULTS OF THE: 

, AUTOTETRAELOID M O T J C PAIRINQ-

ROUCIHE; 



chiasma frequency i n a u t o t e t r a p l o i d s v e r s i o n l b .ian65; 
begin i n t e g e r a rray end[1:2,1:9,1;4I; 

i n t e g e r int1,int2,int3pn,y,z,XtWfQiOne^two,poBn,set*chrom, 
p,keyword,univ,rod,rod2,rod3,mult,mult2,rod4, 

mul13,mult4 frodbiv,trIv,rodquad,ringquad j r I n g b l v * 
switch s s : = l a b e l 1 , l a b e l 2 , l a b e l s ; , ' - -
procedure randomise<int1,int2); . -

i n t e g e r I n t 1 , i n t 2 ; ; „ 
begin int'Bger k,one,BtoraC| s t o r a r , i 1 , i 2 ; 
s w i t c h s w s = i t e r a t e , e x i t , r e p e a t ; 
k!=455470314;one!=l; 
repeat: e l l i o t t (3, Ojkejrword, 0,5,2,k) j - ' ; 

e l l i o t t < 2 , 0 , B t o r a c , 0 , 5 , 7 , 0 ) ; 
e l l i o t t ( 2 , 0 , s t o r A r 4 b , 0 , 0 , 0 ' * ; _ 

i t e r a t e ; e l l i o t t ( 3 , 0 , s t o r a r , 0 , 5 , 0 , 3 8 ) ; 
e l l i o t t < 3 , 0 , s t o r a c , 0 , 0 , 0 , 0 ) ; 
e l l i o t t ( 5 , 4 , 7 , 0 , 1 , 6 , k e y w o r d ) ; 
elliott<5,0,7,0,S,7,0) ; 
elli o t t ( 1 , 0 , k e y w o r d , 0 , 2 , O , s t o r a c ) ; 

if storac=0 then ^oto e x i t ; 
e l l i o t t (3, OjStorac, 0,0»0,0'J ; 

elliott(0,4,keyword,0,5,2,one); 
, e l l i o t t ( 2 , 0 , s t o r a c , 0 , 5 , 7 , 0 ) ; 

e l l i o t t ( 2 , 0 , s t o r a r , 0 , 0 , 0 , 0 ) ; 
goto i t e r a t e ; 

e x i t J 11:=5n; i 2 ! = 1536; 
e l l i o t t ( 3 , 0 , k e y w o r d , 6 , 2 , 3 , i 1 ) ; 
e l l i o t t ( 0 , 3 , i 2 , 0 , 5 , 1 , 9 ) ; -' ' 
e l l i o t t ( 2 , 0 , 1 2 , 0 , 0,0,0); 

i n t 1 l = i l / 7 ; i n t 2 ! = i 2 + 1 ; 
i f i n t1=0 or i n t l : ^ 3 then goto repeat; 

end; 

univt=rodbiv!=:trivs=rodquads=ringquadt=ringbiv8=0; 
keyword:=262143; 
e l l i o t t ( 0 , 6 , 0 , 0 , 7 , 0 , 0 ^ ; 
e l l i o t t ( 2 , 3 , k e y w o r d , 0 , 0 , 0 , 0 ) ; 

f o r n:=1 step 1 u n t i l 30 do 

begin f o r wj=l step 1 u n t i l 72 do 

begin p08n;=:entier((w+35)/36) ; 
i f w>36 then set!=entier(((w-36)-f3)/4) 

else set:=entier((w+3)/4>J 
i f w>36 then chrom: = ((w-36)44)-(set*4) else 

chrom:=(w44)-(set*4); 
end[posn,8et,chrom] :=:0; end; 

f o r z: = l step 1 u n t i l 27 cio 
begin l a b e l 1 ; randomise(intl,int2>;on&:=two:s:0; 
p o s n ; = e n t i e r ( ( i n t 1 + 3 5 ) / 3 6 ) ; 

if^ i n t l > 3 6 then s e t : = I e n t i e r < ( ( i n t 1 - 3 6 ) + 3 ) / 4 i 
else s e t : = e n t i e r < ( i n t l + 3 ' i / 4 ) ; 

i f i n t l > 3 6 then 
chrom! = ( ( i n t l - 3 6 ' ) 4 4 ) - ( s e t * 4 ) else 
chrom; = ( i n t l + 4 1 - ( s e t * 4 ) ; 

f o r q!=1 step l u n t i l 4 do 
begin i f endCposn,set,q]=l then 
one:=one+l else i f end[posn,s«t,q]=:2 then 

two!=two+1; 
end; 

i f two>0 then goto l a b e l l ; 
i_f one>0 thien begin 
i f end[posn,set,chrom]=0 then 

end[poan,set,chrom]s=2 else goto l a b e l l ; 
f o r n i = l s t e p 1 u n t i l 4 do 

begin i f endtposn,set,q]=0 then end[posn,set,q];=2; end;^ 

i f endtposn,set,chrom]=0 then 
endfposn,set,chrom]:=2 else goto l a b e l l ; 

f o r q;=1step 1 u q t i l 4 do 
begin i f endfposn,set,q]=0 then end[posn,set,q]:=2; end; end 

else begin endCposn,set,chrom];=1; 
i f int2=chrom then begin 

l a b e l s : randomise ('lnVlVint'2>'; 
i f int2=chrbnif t*heri'^goto i a b e l 3 else 
end[posn,set,int2]:=1; end e l s e end[po8n,set,lnt2}s=:l; end; 

end; p!=:1 ; f ^ wtWl step 1 u n t i l 72 do 

begin posn!=entier ((w+3%)/365 ; 
1 ^ w>36 then sets=entier(((w-36)+3)/4) 

else 8et:=eh^ier(<[w+3)/4) ; 
i f w>36 then chromj = ((w-36)+4)-<set*4) else 

chrora! = (w+4'>-(set*4''; 
p r i n t end[posn,set,chroml; end; 

f o r q s=l step 1 u n t i l 9 do 
begin rod; =rod2: =rod3; =mul t ; =mul t 2 ! =:rod41 = 

mult3;=mult4!=0; f o r w!=l step 1 u n t i l 4 do 
begin i f endCp,q,w]=0 and end[p*2,q,w]=0 

then univ!=univ+1 else 
i f end[p,q,w]=0 and end[p*2,q,w]=1 then 

- - rod;=:rod+l. e l s e 
. . - j i f end[p,q,w] = 0 and endtp*2,q,w]=:2 then 

rod2;=Tod2+1 else 
i f end[p,q,w]=1 and endCp*2,q»w]=0 then 

rod3:=rod3+1 else , . 
( i_f end[p,q,w]-l and end[p*2,q,w] = 1 then 

) mult!=mult+l else 
i_f end[p,q,w3 = l ̂  ̂ nd ;end[p*2,q,w3=2 then 

mult2;=mult2+1 else 
i f end[p,q,w3=:2 and end[p*2,q,w]=0 then 

rod4;=rod4+1 else 
i f end[;p,q,w3=2 and endCp*2,q,w]=1 then 

mult3;=mult3+l else 
i f end[p,q,w]=2 and end[p*2,q,w]=2 then 

mult4;=mult4+l ; 
end; 

p r i n t univ,saraeline,rod,rod2,7od3,mult,mult2,rod4,mult3,mult4; 0 
i f rod=2 then rodbiv:=rodbiv+l; 

i f rod2=2 then r o d b i v : = r o d b i v + l ; 
i f rod3=2 then r o d b l v : = r o d b i v + l ; 

i f rod4=2 then r o d b i v ! = r o d b i v + l ; 

•>-mer''^'-^' - i i rod=l and m u l t s l and rod3=1 then t r i v j s 
t r i v + 1 ; 

i_f rod=l and mult=1 and inult2=l and rod2=1 
then rodquad:=rodquad+1; 

i f rod3=l and mult=1 and mult3=:1 and rod4=:1 
then rodquad:=rodquad+l; 

i f mult=l and mult3=l and mult4=1 and mult2=1 
then ringquad:=ringquad-f-1; , c . 

' mult=2 tlien ,i:ingbiv:=ringbiv+1; 

i f mult2=2 then r i n g b i v ! = r i n g b i v + 1 ; ,7-
i f mult3=2 jthen r i n g b i y i = r l n g b l v + 1 ; 
i f mult4=2 then r l n g b i v j s : r l n g b i Y + l l , end; 7 

p r i n t £n?,8ameline,n,£ ?; 
p r i n t Eringbiv?,sameline, (ringbiv*2)/(36*n>,E ?;,„ ~-> 
g r i n t £rodbiv?,sameline,(rodbiv*2>/(36*n),£ ?;7o 
p r i n t £univ?,sameline,univ/(36*n),£ ,T,7i j . i t . . / • * j " 
7; 
p r i n t £triv?,sameline,(triv*3)/(36*n),E ?; 
p r i n t £ringquad?,sameline,(ringquad*4)/(36*n),£ ?! • 
p r i n t £Todquad7,sameline,(rodquad*3)/(36*n)a£ 

end; end; end; 



Chiasma frequency I n a u t o t e t r f t p l o j d B v e r s i o n ^ junSS 

Free Stb^e 5040 t o 5226 

number 1 u n i v 6,0000000 r i n g b i v 4,0000000 r o d b i v 8.0000000 
t r i v 6.0000000 ringquad .00000000 rodquad 12.000000 - ^ 
number 2 univ 5.8000000 r i n g b i v 3.0000000 r o d b i v 9.0000000 
t r i v 4.5000000 ringquad 2,,0000000 rodquad 12.000000 
number 3 univ 5.3333333 r i n g b i v 4.0000000 r o d b i v 9.3333333 " 
t r i v 4,0000000 ringquad 1.3333333 rodquad 12.000000 ^ - ^ I J c 
number 4 univ 4,2500000 r i n g b i v 4.5000000 r o d b i v 11,500000 t ^ ^ -
t r i v 3.7500000 ringquad 1.0000000 rodquad 11.000000 

• number 5 univ 4.0000000 r i n g b i v 3.6000000 r o d b i v 10.800000 .-.S^ 

t r i v 4.8000000 ringquad 1.6000000 rodquad 11.200000 -
i ' a t ' ' _ -number 6 univ 4.0000000 r i n g b i v 3,3333333 r o d b i v 10,333333 

t r i v 5.0000000 ringquad 2,0000000 rodquad 11.333333 
number 7 u n i v 4.0000000 r i n g b i v 3,4285714 r o d b i v 10,000000 

- t r i v 4,2857143 ringquad 2,2857143 rodquad 12.000000 
number 8 univ 3.8750000 r i n g b i v 4,0000000 r o d b i v 10,500000 
t r i v 4.1250000 r i n g uad .5000000 rodquad 11.000000 
number 9 u n i v 3,7777778 r i n g b i v 4.2222222 rodb v 10.222222 
t r i v 4,0000000 ringquad 2.2222 22 rodquad 11.555556 
number 10 univ 3,6000000 r i n g b i v 4,4000000 r o d b i v 10.000000 
t r i v 3,6000000 ringquad 2,0000000 rodquad 12.400000 
number 11 u n i v 3.5454545 r i n g b i v 4.3636364 r o d b i v 9,6363636 . 
t r i v 3,5454545 ringquad 2.1818182 rodquad 12.727273 
number 12 u n i v 3,5833333 r i n g b i v 4.6666667 rodblT 9,3333333 
t r i v 3,7500000 ringquad 2,3333333 rodquad 12,333333 ' 
number 13 u n i v 3,3846154 r i n g b i v 4,6153846 r o d b i v 9,5384615 : 
t r i v 3,6923077 ringquad 2.4615384 rodquad 12.307692 -
number 14 u n i v 3.4285714 r i n g b i v 4,4285714 r o d b i v 9,5714285 > 
t r i v 3,4285714 ringquad 3.1428571 rodquad 12.000000 
number 15 univ 3,3333333 r i n g b i v 4.5333334 r o d b i v 9.7333333 . 
t r i v 3,2000000 ringquad 3.4666667 rodquad 11,733333 
number 16 u n i v 3,3125000 r i n g b i v 4,8750000 r o d b i v 9,3750000 
t r i v 3,1875000 ringquad 3,2500000 rodquad 12.000000 - , 
number 17 univ 3.2352941 r i n g b i v 4.8235294 r o d b i v 9.4117647 
t r i v 3.0000000 ringquad 3.5294118 rodquad 12.000000 
number 18 univ 3,2777778 r i n g b i v 4,8888889 r o d b i v 9,2222222 ^ 
t r i v 2.8333333 ringquad 3.7777778 rodquad 12.000000 
number 19 univ 3.4210526 r i n g b i v 5,3684211 r o d b i v 8,8421052 , 
t r i v 3,0000000 ringquad 3,7894737 rodquad 11.578947 , 

r number 18 univ 3,2777778 r i n g b i v 4,8888889 rodbiv 9.2222222 
t r i v 2.8333333 ringquad 3,7777778 rodquad 12.000000 
number 19 univ 3.4210526 r i n g b i v 5.3684211 rodbiv 8,8421052 
t r i v 3.0000000 ringquad 3.7894737 rodquad 11,578947 
number 20 univ 3.4000000 r i n g b i v 5.4000000 r o d b i v 8,8000000 
t r i v 3.0000000 ringquad 4.0000000 rodquad 11.400000 
number 21 univ 3,4285714 r i n g b i v 5.4285714 r o d b i v 8,4761905 
t r i v 2.8571429 ringquad 4.1904762 rodquad 11,619048 
number 22 univ 3.4545455 r i n g b i v 5.6363636 r o d b i v 8.2727273 
t r i v 3.0000000 ringquad 4.3636364 rodquad 11.272727 
number 23 univ 3.3478261 r i n g b i v 5.8260869 r o d b i v 8.1739130 
t r i v 3.0000000 ringquad 4.1739131 rodquad 11.478261 
number 24 univ 3.3333333 r i n g b i v 5.7500000 r o d b i v 7.9166667 
t r i v 3,0000000 ringquad 4,3333333 rodquad 11,666667 
number 25 univ 3,2400000 r i n g b i v 5,7600000 rodbiv 7,8400000 
t r i v 3,0000000 ringquad 4.3200000 rodquad 11.840000 
number 26 univ 3.1923077 r i n g b i v 6,0000000 r o d b i v 8,0769231 
t r i v 2.8846154 ringquad 4,4615385 rodquad 11.384615 
number 27 univ 3.2222222 r i n g b i v 6.2962963 r o d b i v 8.0000000 
t r i v 2.7777778 ringquad 4.4444444 rodquad 11.259259 
number 28 u n i v 3.1785714 r i n g b i v 6.5000000 r o d b i v 8.0714286 
t r i v 2.6785714 ringquad 4.4285714 rodquad 11,142857 
number 29 univ 3.2068966 r i n g b i v 6.4827586 r o d b i v 7.9310345 
t r i v 2.7931035 ringquad 4.6896552 rodquad 10.896552 
number 30 univ 3.1333333 r i n g b i v 6.6666667 r o d b i v 7,9333333 
t r i v 2,8000000 ringquad 4.5333334 rodquad 10.933333 
number 31 univ 3,1612903 r i n g b i v 6.9032258 r o d b i v 7,7419355 
t r i v 2,7096774 ringquad 4,5161290 rodquad 10,967742 
number 32 u n i v 3.1250000 r i n g b i v 6,8125000 r o d b i v 7,6875000-
t r i v 2,6250000 ringquad 4,7500000 rodquad 11.000000 
number 33 univ 3,0303030 r i n g b i v 7,0909090 r o d b i v 7,8181818 
* r i v §85414540 ringqufi^ 4s6060§0§ fodquad 10.909091 
number 34 univ 3,0000000 r i n g b i v 7,17647 06 r o d b i v 7.7 058824 
t r i v 2,4705882 ringquad 4.5882353 rodquad 11.058824 
number 35 univ 3.0000000 r i n g b i v 7.2571428 r o d b i v 7,6000000 
t r i v 2,4857143 ringquad 4,6857143 rodquad 10,971429 
number 36 univ 2,9722222 r i n g b i v 7,2222222 r o d b i v 7,4444444 
t r i v 2,5833333 ringquad 4.7777778 rodquad 11.000000 
number 37 univ 2,9189189 r i n g b i v 7,1891892 r o d b i v 7,2972973 
t r i v 2,5945946 ringquad 4.8648649 rodquad 11.135135 
number 38 univ 2.8684211 r i n g b i v 7,1578947 r o d b i v 7,1578947 
t r i v 2,6052632 ringquad 4,9473684 rodquad 11,263158 
number 39 univ 2.7948718 r i n g b i v 7.0769231 r o d b i v 7,1794872 
t r i v 2.5384616 ringquad 5.1282051 rodquad 11.282051 
number 40 univ 2.7500000 r i n g b i v 7.1000000 r o d b i v 7,2000000 

1,^ t r i v 2,5500000 ringquad 5,3000000 rodquad 11,100000 

t r i v 2,5945946 ringquad 4,8648649 rodquad 11,135135 
number 38 univ 2,8684211 r i n g b i v 7,1578947 r o d b i v 7,1578947 
t r i v 2,6052632 ringquad 4,9473684 rodquad 11,263158 
number 39 univ 2.7948718 r i n g b i v 7,0769231 r o d b i v 7,1794872 
t r i v 2,5384616 ringquad 5.1282051 rodquad 11.282051 
number 40 univ 2.7500000 r i n g b i v 7.1000000 r o d b i v 7.2000000 
t r i v 2.5500000 ringquad 5.3000000 rodquad 11.100000 
number 41 univ 2.7317073 r i n g b i v 7,2195122 r o d b i v 7,1707317 
t r i v 2.4878049 ringquad 5.3658536 rodquad 11,024390 
number 42 univ 2.6666667 r i n g b i v 7,2857143 r o d b i v 7,1428571 
t r i v 2,4285714 ringquad 5.4285714 rodquad 11.047619 
number 43 univ 2.6046512 r i n g b i v 7.3488372 r o d b i v 7,1162791 
t r i v 2,3720930 ringquad 5.4883721 rodquad 11.069767 
number 44 univ 2,5681818 r i n g b i v 7,2727272 r o d b i v 7.0454545 
t r i v 2,3863636 ringquad 5,7272727 rodquad 11,000000 
number 45 univ 2,5111111 r i n g b i v 7.2888889 r o d b i v 6.9777778 
t r i v 2.3333333 ringquad 5.8666666 rodquad 11.022222 
number 46 univ 2.5000000 r i n g b i v 7.2173913 r o d b i v 6,8260870 
t r i v 2,4130435 ringquad 6.1739130 rodquad 10,869565 
number 47 univ 2,4468085 r i n g b i v 7.4042553 r o d b i v 6,7659575 
t r i v 2.3617021 ringquad 6.2127659 rodquad 10.808511 
number 48 univ 2.3958333 r i n g b i v 7.5000000 r o d b i v 6.7916666 
t r i v 2.3125000 ringquad 6.4166667 rodquad 10.583333 
number 49 univ 2.3469388 r i n g b i v 7.6734694 r o d b i v 6.7346938 
t r i v 2.2653061 ringquad 6,4489796 rodquad 10,530612 
number 50 univ 2,3000000 r i n g b i v 7,8000000 r o d b i v 6,6400000 
t r i v 2,2200000 ringquad 6,5600000 rodquad 10,480000 

End of program 



chiasma frequency i n autote t r a p l o i d s verBion 2b ja j i 6 5 ; 
begin i n t e g e r a rray endtl:2,1:9,1:43; 

anteger xnt1,int2,int3,n,y,z,x,w,q,one,two,posn,set,chrom, 
p,keyword,univ,rod,rod2,rod3,mult,mult2,rod4, 

mult3,mult4,rodbiv,triv,rodquad,ringquad,ringbiv,group,three,four; 
switch s s : = l a b e l l , l a b e l 2 , l a b e l 3 ; 
procedure r a n d o m i s e ( i n t l , i n t 2 ) ; 

i n t e g e r i n t 1 , i n t 2 ; 
begin i n t e g e r k , o n e , s t o r a c , s t o r a r , i l , i 2 ; 
switch s w : = i t e r a t e , e x i t , r e p e a t ; 
k:=455470314;one:=1; 
repeat: e l l i o t t ( 3 , 0 , k e y w o r d , 0 , 5 , 2 , k ) ; 

e l l i o t t ( 2 , 0 , s t o r a c , 0 , 5 , 7 , 0 ) ; 
e l l i o t t ( 2 , 0 , s t o r a r , 0 , 0 , 0 , 0 ) ; 

i t e r a t e ; e l l i o t t ( 3 , 0 , s t o r a r , 0 , 5 , 0 , 3 8 ) ; 
e l l i o t t ( 3 , 0 , s t o r a c , 0 , 0 , 0 , 0 ) ; 
e l l i o t t ( 5 , 4 , 7 , 0 , 1 , 6 , k e y w o r d ) ; 
e l l i o t t ( 5 , 0 , 7 , 0 , 5 , 7 , 0 ) ; 
e l l i o t t ( 1 , 0 , k e y T y o r d , 0 , 2 , 0 , s t o r a c ) ; 

i f storac=^) then goto e x i t ; 
©lliott(3,0,storac,O,0,0,0); „ , 

elliott(0,4,keyword,0,5,2,one); 
e l l i o t t ( 2 , 0 , s t o r a c , 0 , 5 , 7 , 0 ) ; 
e l l i o t t ( 2 , 0 , s t o r a r , 0 , 0 , 0 , 0 ) ; 
goto i t e r a t e ; 

e x i t ; i l : = 5 n ; i2:=1536; 
ell i o t t ( 3 , 0 , k e y w o r d , 0 , 2 , 3 , 1 1 ) ; 
e l l i o t t ( 0 , 3 , 1 2 , 0 , 5 , 1 , 9 ) J 
e l l i o t t ( 2 , 0 , 1 2 , 0 , 0 , 0 , 0 ) ; 

i n t l : = i l / 7 ; i n t 2 ; = i 2 + l ; 
i f int1=0 or i n t l = 7 3 then goto repeat; 

end; 
u n i v : =:rodbi v; = t r 1 v i =rodquad t =ringquad:=r i n g b i v: =0 j 

keyword:=262143; 
e l l i o t t ( 0 , 6 , 0 , 0 , 7 , 0 , 0 ) ; | 
e l l i o t t ( 2 , 3 , k e y w o r d , 0 , 0 , 0 , 0 ) ; 

f o r n:=:1 step 1 u n t i l 30 do 

begin f o r w:=1 step 1 u n t i l 72 do 

begin posn;=entier((w+35)/36); 
i f w>36 then s e t ; = e n t i e r ( ( ( w - 3 6 ) + 3 ) / 4 ) 

elSQ Bet:=entier((w+3)/4); 
i f w>36 then chrom:=((w-36)+4)-(set*4) else 

chrom:=(w+4)-(set*4); 
end[posn,set,chrom3;=0; end; 

f o r z;=1 step 1 u n t i l 27 do 
begin l a b e l l ; r a n d o m i s e ( i n t 1 , i n t 2 ) ; 

one: =two: =:three:=f our: =0; 
i f ^ i n t l > 3 6 then i n t l : = e n t i e r ( ( ( i n t 1 - 3 6 ) + 3 ) / 4 > 

else i n t i : = e n t i e r ( ( i n t 1 + 3 ) / 4 ) ; 
f o r w;=l step 1 u n t i l 4 djo 

begin i f end[l,int1,w3=0 then one:=one+1 else two;=two+1; 
i f endE2,intl,w3=1 then three:=three+1; 

i f end[2,intl,w3=2 then f o u r : = f o u r + 1 ; 
end; 

i f one=4 then end[l,int1,13!=endEl,intl,23;=1 
else i f two=2then e n d [ l , i n t l , 3 3 ; = e n d [ l , i n t l , 4 3 ; = 2 
else i f two=4 then begin i f endC2,int1,int23>0 then goto l a b e l l ; 

i f three=0 then 
begin chromi=int2; g r o u p ! = i n t 1 ; 

end[2,group,chrom3:=1; 
l a b e l 3 ; r a n d o m i s e ( i n t 1 , i n t 2 ) ; 

i f lnt2=chTOm then goto l a b e l 3 e l s e 
endC2,group,int23:=:l; end 

e l s e i f three=2 then begin 
g r o u p ; = i n t l ; chrom:=:int2; 

end[2,group,chrom]:=2; 
f o r w:=1 step 1 u n t i l 4 do 

begin i f endC2,group,w3=0 then endt2,group,w]:=2; end; 
end else i f four=2 then goto l a b e l l ; end; end;p;=1 

f o r w:=l step 1 u n t i l 72 do 

begin posn;=entier((w+35)/36); 
i f w>36 then s e t : = e n t i e r ( ( ( w - 3 6 ) + 3 ) / 4 ) 

else s e t : = e n t i e r ( ( w + 3 ) / 4 ) ; 
i f w>36 then chrom:=((w-36)+4)-(set*4) else 

chrom:=(w+4)-(set*4); 
p r i n t end[posn,set,chrom3; end; 

f o r q J=:1 step 1 u n t i l 9 do 
begin r o d ; =:rod2:=rod3; =mul 11 =mul t 2 ; =rod4; = 

mult3;=mult4:=0; f o r w:=:l step 1 u n t i l 4 do 
begin i f end[p,q,w3=0 and endCp*2,q,w3=0 

then univ:=:univ+1 else 
i f endCp,q,w3=0 and end[p*2,q,w3=1 then 

ro d ; =:rod+1 else 
i f end[p,q,w3=0 and end[p*2,q,w3=2 then 
rod2i=rod2+l else 

i f end[p,q,w3=1 and endCp*2,q,w3=0 then 
rod3:=rod3+l else 

i f endCp,q,w3=l and end[p*2,q,w3=1 then 
mult;=mult+l else 

i f end[p,q,w3=1 and endCp*2,q,w3=2 then 
mult2;=mult2+l else 

i f end[p,q,w3=2 and end[p*2,q,w3=0 then 
rod4;=rod4+l else 

i f end[p,q,wl=::2 and end[p*2,q,w3 = l then 
mult3i=mult3+l else 

i f endCp,q,w3=2 and snd[p*2,q,w3=2 then 
mul t 4 : =:mul t4+1 ; 
end; 
p r i n t univ,sameline,rod,rod2,rod3,mult,mult2,rod4,mult3,mult4; 

i f rod=:2 then r o d b i v ! =rodbiv+1; 
i f rod2=2 then rodbiv;=rodbiv+1; 
i f rod3=2 then rodbiv;=rodbiv+l; 

i f rod4=2 then rodbiv:=rodbiv+1; 
i f rod=:l and mult=:l and rod3=l then t r i v : = 
t r i v + 1 ; 

i f rod=:l and mult=1 and mult2=:1 and rod2=l 
then rodquad:=rodquad+1; 

i f rod3=1 and mult=1 and mult3=1 and rod4=1 
then rodquad: =:rodquad+1; 

i f mult=l and mult3=:1 and mult4=1 and mult2=:1 
then ringquad:=ringquad+1; 

i f mult=2 then r i n g b i v : = r i n g b i v + 1 ; 
i f mult2=:2 then ringbiv:=:ringbiv+1; 
i f mult3=2 then r i n g b i v : = r i n g b x v + 1 ; 
i f mult4=2 then r i n g b i v l = r i n g b x v + 1 ; end; 

p r i n t £n?,sameline,n,£ ?; 
p r i n t £ringbiv?,sameline,(ringbiv*2)/(36*n),£ ?; 
p r i n t Erodbiv?,sameline,(rodbiv*2)/(36*n),£ ?; 
p r i n t £univ?,sameline,univ/(36*n),£ 
?; 
p r i n t £triv?,sameline,(triv*3)/(36*n),£ ?; 
p r i n t £ringquad?,sameline,(ringquad*4)/(36*n),£ ?; 
p r i n t firodquad?,sameline,(rodquad*4)/(36*n),££L??; 

end; end; 



chiasma frequency i n a u t o t e t r a p l o i d s v e r s i o n 2 .ian65 

Free Store = 20 t o 5195 

11' 

number 1 univ 2,0000000 r i n g b i v . 4.0000000; r o d b i v 22.000000 
t r i v , 00000000 ringquad .OOOOOOOO.rpdquad S, OOOOOOOJ"!̂  x^'\-

number 2 u n i v 3.00000O0 rlngblvu7.0000000-rodbiv 20.000000 
t r i v .00000000 ringquad .00000000 rodquad 6,0000000 .'̂ v̂ r ^ ' - y , 

number 3 u n i v 3.3333333 ringbiv.;6,6666667^rodbiv 18,000000 
t r i v .00000000 ringquad .00000000 rodquetdt;8tfOOOOOOOiP^i>- 'OMOoi 
number 4 univ 4.5000000 ringb4vr5^5O0OO0O rodbiv 15.000000 
t r i v .00000000 ringquad ,3,p00p00p, rodquad .8. OOOpOOO i" ̂ .-tOiHU^ 

nijmber 5 univ 4.8000000 ri,ngbivn5.i2000000i}rodblv 14,000000 , 
t r i v ,00000000 ringquad 4.0000000 rodquad 8,0000000 
number 6 univ 4.6666667 r i n g b i v 4,6666667 r o d b i v 14,000000 
t r i v ,00000000 ringquad 4,6666667 rodquad 8,0000000 
number 7 univ 4,8571428 r i n g b i v 4.5714286 r o d b i v 13,428571 
t r i v ,00000000 ringquad 5,7142857 rodquad 7,4285714 
number 8 u n i v 4.2500000 r i n g b i v 4,2500000 r o d b i v 14,000000 
t r i v .00000000 ringquad 5.5000000 rodquad 8.0000000 
number 9 univ 4.2222222 r i n g b i v 4.4444444 rodbiv 14,000000 
t r i v .00000000 ringquad 5.7777777 rodquad 7.5555556 
number 10 univ 4.0000000 r i n g b i v 4.0000000 r o d b i v 13,600000 
t r i v .00000000 ringquad 6,0000000 rodquad 8.4000000 
number 11 univ 4.0000000 r i n g b i v 4.3636364 rodbiv 13,090909 
t r i v .00000000 ringquad 5.8181813 rodquad 8,7272727 • -.o 
number 12 univ 4.0000000 r i n g b i v 4.6666667 rodbiv 13,000000 
t r i v .00000000 ringquad 6.0000000 rodquad 8,3333333 I " * 
number 13 univ 4.0000000 r i n g b i v 4.7692308 r o d b i v 12,461538 
t r i v a00000000 ringquad 5.8461538 rodquad 8.9230769-.! • 
number 14 univ 3,71428^7 r i n g b i v 4,8571428 r o d b i v 12,571428 
t r i v ,00000000 ringquad 5.4285714 rodquad 9.4285714 
number 15 univ 3,4666667 r i n g b i v 4,5333334 r o d b i v 12,800000 
t r i v ,00000000 ringquad 5,8666666 rodquad 9,3333333 
number 16 univ 3,3750000 r i n g b i v 4,7500000 r o d b i v 12,875000 
t r i v ,00000000 ringquad 6,0000000 rodquad 9,0000000 
number 17 univ 3,2941177 r i n g b i v 4,7058824 r o d b i v 12,470688 
t r i v .00000000 ringquad 5,8823529 rodquad 9,647 0588 
number 18 univ 3,2222222 r i n g b i v 5,1111111 rodbiv 12,555555 

^ r i v ,00000000 ringquad 5,7777777 rodquad 9,3333333 

t r i v ,00000000 ringquad 6 . 0 0 0 0 0 0 0 rodquad 9,0000000 
number 17 univ 3 , 2 9 4 1 1 7 7 r i n g b i v 4,7058824 rodbiv 12,470588 
t r i v ,00000000 ringquad 5,8823529 rodquad 9,647 0588 
,number 18 univ 3.2222222 r i n g b i v 5.1111111 rodbiv 12.555555 
t r i v .00000000 ringquad 5.7777777 rodquad 9.3333333 
number 19 univ 3,2631579 r i n g b i v 5,2631579 r o d b i v 12,526316 
t r i v ,00000000 ringquad 6,1052631 rodquad 8,8421052' ' 
number 20 univ 3,2000000 r i n g b i v 5.3000000 r o d b i v 12,700000 
t r i v ,00000000 ringquad 6.4000000 rodquad 8,4000000 
number 21 univ 3.1428571 r i n g b i v 5.5238095 r o d b i v 12.666667 
t r i v .00000000 ringquad 6.47^1904 rodqiiWd 8.1904762 u ^i^Afta 
number 22 univ 3,2727273. r i n g b i v 5.8181818 r o d b i v 12,363636 
t r i v .00000000 ringquad 6.7272727 rodquad 7,8181818 
number 23 univ 3,1304348 r i n g b i v 5,8260869 r o d b i v 12,434783 
t r i v .00000000 ringquad 6,7826087 rodquad 7,8260869 
number 24 univ 3,0833333 r i n g b i v 5,7500000 rodbiv 12,000000 

1 

t r i v ,00000000 ringquad 6,6666667 rodquad 8,5000000 
number 25 univ 2.9600000 r i n g b i v 5,5200000 r o d b i v 11,840000 
t r i v ,00000000 ringquad 6,7200000 rodquad 8,9600000 
number 26 univ 2,8461538 r i n g b i v 5,6923077 r o d b i v 11,923077 
t r i v .00000000 ringquad 6,6153846 rodquad 8,9230769 
number 27 univ 2,7407407 r i n g b i v 5.5555555 r o d b i v 12,000000 
t r i v .00000000 ringquad 6,8148148 rodquad 8,8888889 
number 28 univ 2,7142857 r i n g b i v 5,4285714 r o d b i v 11,714286 
t r i v ,00000000 ringquad 6,8571428 rbdquad 9,2857143 
number 29 univ 2,6206897 r i n g b i v 5,4482758 r o d b i v 11,793103 
t r i v ,00000000 ringquad 6,8965517 rodquad 9,2413793 
number 30 univ 2,5333333 r i n g b i v 5,7333333 r o d b i v 11,866667 
t r i v ,00000000 ringquad 6,6666667 rodquad 9,2000000 
number 31 univ 2,5806452 r i n g b i v 5,8064516 r o d b i v 11,612903 
t r i v ,00000000 ringquad 6,8387097 rodquad 9,1612903 
number 3^ univ g.SOOOOOO ringbi¥ 5*8750000 rodbiv 11«625000 
t r i v .00000000 ringquad 6 , 3 7 5 0 0 0 0 rodquad 9^1250000 ^ " 
number 33 univ 2,4242424 r i n g b i v 5,7575758 r o d b i v 11,575758 
t r i v .00000000 ringquad 7 , 0 3 0 3 0 3 0 rodquad 9.2121212 ' " 
number 34 univ 2.4117647 r i n g b i v 5,8235294 rodbiv 11,529412 
t r i v ,00000000 ringquad 7,1764706 rodquad 9,0588235 ' ^ 

> 

number 35 univ 2.4000000 r i n g b i v 5,8285714 r o d b i v 11,428571 
t r i v .00000000 ringquad 7,3142857 rodquad 9,0285714 
number 36 univ 2.3333333 r i n g b i v 5,7777777 r o d b i v 11,444444 
t r i v ,00000000 ringquad 7,4444444 rodquad 9,0000000 
number 37 u n i v 2.2702703 r i n g b i v 5,7297297 rodbiv 11,459459 
t r i v ,00000000 ringquad 7.6756757 rodquad 8.8648648 
number 38 univ 2.2105263 r i n g b i v 5,7368421 rodbiv 11,421053 
t r i v , O O U ( J U O U U ringquad 7 . 7 8 9 4 7 3 7 rodquad 8,842 1 052 
number 39 univ 2,2051282 r i n g b i v 5 . 7 9 4 8 7 J ^ ^ P o d b ^ ^ ^ ^ 8 2 ^ ^ 

number 36 univ 2.3333333 r i n g b i v 5.7777777 r o d b i v 11,444444 
t r i v .00000000 ringquad 7.4444444 rodquad 9.0000000 
number 37 univ 2.27 027 0 3 r i n g b i v 5.7297297 rodbiv 11,459459 
t r i v ,00000000 ringquad 7 . 6 7 5 6 7 5 7 rodquad 8,8648648 
number 38 univ 2.2105263 r i n g b i v 5.7368421 r o d b i v 11,421053 
t r i v . U O U u u O u u ringquafl 7 . 7 8 9 - 1 7 3 7 r o d q u a d 8,342 1 052' 
number 39 univ 2,2051282 r i n g b i v 5,7948718 rodbiv 11.282051 
t r i v .00000000 ringquad 7.8974359 rodquad 8.8205128 
number 40 univ 2,1500000 r i n g b i v 5.8000000 rodbiv 11,250000 
t r i v ,00000000 ringquad 8 . 0 0 0 0 0 0 0 rodquad j8.80O00O0^,jj ,̂  
number 41 univ 2,1463415 r i n g b i v 5,7560976 r o d b i v 11,121951 
t r i v , 00000000 ringquad. 8.1951220, rpdquad ̂ 8,̂ :7,804878 , Ofi 
number 42 univ 2,0952381 r i n g b i v 5,7142857 r o d b i v 11,047619 
t r i v ,00000000 ringquad 8.3809524 rodquad 8,7619047 , .(.CJH 
number 43 univ 2.0465116 r i n g b i v 5.8139534 r o d b i v 11.023256 
t r i v .00000000 ringquad 8,4651163 rodquad 8,6511628 
number 44 univ 2,0000000 r i n g b i v 5.8181818 r o d b i v 11.000000 
t r i v .00000000 ringquad 8.6363636 rodquad 8,5454545 
number 45 univ 2,0000000 r i n g b i v 5.9111111 rodbiv 10.844444 
t r i v .00000000 ringquad 8.8000000 rodquad 8.4444444 
number 46 univ 1.9565217 r i n g b i v 5,9565217 rodbiv 10.608696 
t r i v .00000000 ringquad 8.7826087 rodquad 8.6956521 . 
number 47 univ 1.9148936 r i n g b i v 6.0425532 r o d b i v 10.510638 
t r i v .00000000 ringquad 8.9361702 rodquad 8.5957447 i , . , 

number 48 univ 1.87 5 0000 ringbiv.,6.2083333 r o d b i v 10.416667 
t r i v .00000000 ringquad 9.0000000 rodquad 8.5000000 
number 49 univ 1.8367347 r i n g b i v 6.1632653 r o d b i v 10.285714 
t r i v ,00000000 ringquad 9,2244898 rodquad 8,4897959 
number 50 univ 1,8000000 r i n g b i v 6,2800000 r o d b i v 10,160000 
t r i v ,00000000 ringquad 9.3600000 rodquad 8,4000000 

End o f program 
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APPENDIX YI 

The following programmes are written i n E l l i o t t 8-hole Algol 

and are suitable for running on an E l l i o t t 803 computer. 

Part of the programme i s a random number generator and a large 

number to i n i t i a t e the process has to be set up on the computer consol. 

This i s fed i n as for data. 

Running time - approximately 50 minutes. 



A P P E N D I X V U 

S P E C I E S L I S T S T A K E N AT L O C A L I T I E S I L AI€> 2 

I N T H E V A L L I E D E K I O E S E B A « C E N T R A L 

P Y E E N E E S . 
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AFPEIDIX V I I 

A. species l i s t taken at l o c a l i t y 2 in the Vallee de Rio Esera 

Species 
% Frequencies estimated bv calculating 
the occurence i n 100 randomly selected 

-l̂  sq. metre areas 
Estimated cover = 625b 

Agrostis alba? 2% 

Armeria plantaginea % 
Arnica montana 1% 

Garduus c a r l i n i f o l i u s 5% 

Carex vema 
Carlina acaulis 39% 

Cotoneaster integerrim-us 4.% 
Eestuca ovina 37'/u 

Galium varum 2/0 

Gaiium. sa x a t i l e WP 

Genista purgans 11% 

Geum pyrenaicum 
Lathyrus montanum 
Lotus comiculatus 
Pinus raugo 1% 

Poa annua 
Polygonum alpinum 
P o t e n t i l l a s t e r i l i s • 185» 

Rhododendron ferrugineum 
Rosa canina 
Sedum montanum 13% 

Sempervivura tectorum 19% 

Thymus serpyllum U9% 

Veratrura album 22% 

Verbascum spp. 1% 

Veronica o f f i c i n a l i s kn% 

V i o l a r i v i n i a n a 30% 
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APPENDIX V I I 

A species l i s t taken a t l o c a l i t y 1 i n 
the Vallee de Rio Bsera 

S e s l e r i a coerulea 
Chrysanthemum leucanthemum 
Sempervivens tectorum 
A c h i l l e a millefolium 
Lotus corniculatus 
Thymus nervosum 
Festuca ovina 
Dianthus caryophyllus 
Euphrasia sp. 
Gentiana verna 
V i c i a pjrrenaica 
A n t h y l l i s vulnerarioides 
Sedum atratum 
Alchemilla sp. 
Helianthemuffl nuramularium 
B i s c u t e l l a pyrenaica 
Thymus serpyllum 
Trifolium t h a l l i i 
Polygala alpina 
Pba alpina 
Draba aizoides 
Scabiosa velutina 



A P P E N D I X V I I I 

A SEECIIS LIST TAKEN AT THE LIMESTONE CLIFP 

LOCALITIES OF THE (gtEAT ORME AND 

HUMPHREY" HEAD 
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APPENDIX V I I I 

A species l i s t taken a t the limestone c l i f f l o c a l i t i e s 
of the G-reat Orme and Humphrey 

Head 

A c h i l l e a millefolium 
Agrostia setaeea 
Allium shoenoprasum 
Anthoxanthum odoratum 
Ant h y l l i s vulneraria 
Armeria maritima 
Biellia perennis 
B r i z a media 
Canpanula rotundifolia 
Carex f l a c c a 
Carex verna 
Cerestium tetandrum 
Cochlearia danica 
Cynosorus c r i s t a t u s 
Deschampsia cespitosa 
Euphrasia sp. 
Restuca rubra 
Pestuca ovina 
Galium s a x a t i l e 
G-alium verum 
Geranium sanguineum 
Helianthemum canum 
Helianthemum nummularium 

Hieracium p i l o s e l l a 
Holcus lanatus 
Koelaria g r a c i l i s 
Leon tod on autumnalis 
Linum catharticium 
Lotus corniculatus 
Plantago coronopus 
Plantago laneeolata 
Plantago maritima 
Poa anna 
Polygola vulgaris 
P o t e n t i l l a erecta 
Poterium sanguisorba 
Prunella vulgaris 
Rumex acetosa 
S c i l l a verna 
Sedum ajiglicum 
S e s l e r i a caerulea 
S i e g l i n g i a decumbens 
Thymus drucei 
Thymus serpyllum 
Trifolium repens 
Veronica cheunpaedrya 



A P P E N D I X I X 

A S P E C I E S L I S T TAKEN A T CWYK imMj. 
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APPEI'TDIX IX 

A apeciea l i s t taken at Cwjm 
Idwal 

The l o c a l i t y i n which Ctir.ysanthemum leucantfaemum L. was growing 

in C5wym Idwal^ contained a v a r i e t y of ecological niches and this i s 

reflected i n the following species l i s t . 

Asplenium trichomanes Lycopodium alpinum 

Agrostis canina Oxyria digjma 

Anemone nemorosa Pinguicula vulgaris 

Anthoxanthum odoratum P o t e n t i l l a erecta 

Blech'num spicata Saxifraga aizoides 

Beschampsia flexuosa Saxifraga hynnoides 

Deschampsia caespitosa Saxifraga s t e l l a r i s 

Drosera rotundifolia Sedum rosea 

Euphrasia sp. So'lidago virgaurea 

Eestuca rubra' Thalictrum alpinum 

Eestuca ovina Thymus drucei 

Greum r i v a l e •\raccinium myrtLllus 

Hieracium sp.. T i o l a r i v i n i a n a 

Lycopodium selago 



A,-̂P P' E H! D I X X 

THE THE^ LAYER CHROMlTOGRAPHr METHOD 

USED. 
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•APPENDIX X 

The Thin Layer Chromatographic Method 
used 

Grlass plates were spread with S i l i c a Qel G using a Shandon plate 

spreader adjusted to 250 microns in depth. The S i l i c a Gel G was 

prepared for spreading by rapidly mixing S i l i c a Gel powder with 

d i s t i l l e d water i n the proportion by weight of 1 : 2 respectively. 
0 

Activation of the layer was obtained by heating the plates at IIQ. C 

for 25 minutes. 

Extraction of l e a f phenolic components was performed by drying 

basal l e a f samples, grinding them up and then shaking the resulting 

powders with absolute Ethanol, Approximately 0.25 grms. of powdered 

leaves were mixed with 10 mis, of Ethanol. The mixture was permitted 

to stand overnight and then the solvent was 'spotted' onto the 

prepared plates. Normally, 10 drops of solvent were 'spotted* at each 

s i t e . 

Btoth one and two dimensional chromatograms were prepared. The 

solvents used werer-

( A ) butanol : acetic acid t water 
4 1 1 

( B ) ethyl acetate : methyl ethyl betone ; formic acid ; water 
5 3 1 1 

Solvent (B.) was used for one dimensional chromatograms and the second 

phase of two dimensional chromatograms. Using this solvent, care had 

to be taken to ensure tank saturation by the solvent vapours before 
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the chromatogram could be started. 

Solvent (A) was used for the f i r s t phase of the two dimensional 

chromatograms. I t was noted that the solvents used were rather 

s i m i l a r i n their separating properties and i t would have been 

preferable to have replaced solvent (A) by a more polar mixture 

such as 

water j ethanol : methyl ethyl ketone : acetylacetone 
15 3 3 1 

(Randerath (I963) ) . However, time did not permit further 

experimen tation. 

On average, 45 minutes were required for the solvents to r i s e 

100 cms. 

Examination of the resulting spots was carried out in daylight 

and also under long wave-length u l t r a v i o l e t l i g h t . Records of the 

spot positions and colours were kept for l a t e r a n a l y s i s . 



A P P E N D I X XI 

RANDOMISED GROWTH EXPERIMENT 
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•flEPENDIX g 

Randomised growth Experiment 

October I 9 6 4 . 

Mature plants, 300 i n number, were removed from pots or garden 

beds, the s o i l c a r e f u l l y washed out of them and repotted i n t o 6" 

pots containing John Innes No, 2 potting compost. The pots were then 

sunk up to t h e i r rims i n a flower bed to prevent frosting and arranged 

i n a random sequence. The pot centres were 18." apart on every side. 

The growth p l o t had a south-easterly aspect and sloped gently i n 

that d i r e c t i o n . 

June - July I965. 

The plants were harvested by measuring immediately those characters 

which were changed by pressing such as leaf thickness and capitulum 

diameter. Examples of midstem, lower stem and basal leaves and stem 

with infloresence were then pressed separately f o r further analysis. 



/ 

A P P E N D I X X I I 

MEa?HOIS A I ^ JSSUMPTIOIg USED IN THE WJUST-

7ARIATE ANALYSIS 
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AEPENDIX X I I 

Methods and assumptions used i n the multivariate 

analysis 

1. A Q type of analysis, i . e . the examination of association between 

pairs of operational taxonomic units over a l l characters, was employed, 

2. The index of association used was the P'earson Product Moment 

Correlation Coefficient. 

3. Characters were given equal weight. Whilst i t was i n t u i t i v e l y f e l t 

desirable to weight characters indiscriminate weighting would probably 

have introduced more errors than giving equal weight. The only 

l o g i c a l way to assess the weighting value of characters i s to evaluate 

t h e i r r e l a t i v e contributions to with i n and between groug^ variation by 

discriminant analysis. Unfortunately, t h i s i s a circular argument 

since the groups have to be established before weighting -Balues oan 

be attributed t o characters. 

4. Where a specimen was inconplete and had characters missing then 

such characters were disregarded i n the computation of correlation 

coefficients between that specimen and any other. I n practice this 

process resulted i n a reduction of up to 7 variables. 

5. Operational taxonomic units were clustered by a weighted pgiir 

group method, Sokal and Rohlf (I962) point out that tiiis method of 

clustering produces least d i s t o r t i o n of the multidimensional r e l a t i o n ­

ships between O.T.U's. Reduction of the matrix was carried out by 

calculating arithmetical means between pairs of correlation coefficients 

a f t e r transforming them to Fisher's Z. 
The outline and rationale f o r t h i s process i s given i n Sokal and 

Sneath (1963). 



A P P E N D I X X I I I 

DETAILS ON THE USES AND SEECIFICATIONS OF 

THE NUMERICAL TAXONOMIC PROGRAIg 
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AFPENDIK Xin 

Use of the numerical taxonomic programs 

The suite of programs was designed and written to provide a 

f u l l y integrated system fo r niultivariate analysis of data, whilst 

retaining an element of f l e x i b i l i t y i n the process. 

The programs are written i n K.D.F.9 Algol and are not suitable 

f o r running on any other machine, since the input and output routines 

used are part i c u l a r to the English Electric-Leo-i<iLrconi K.D,F.̂ 9. 

The programs have been converted into e f f i c i e n t binary programs 

using the Kidsgrove compiler i n i t s new segmented-algol form. The 

use of segmented alg o l means that the progams can be united into one 

long Algol program and a l l run i n the same production run. Lack of 

time has prevented t h i s l a t t e r development being carried out on the 

present programs. 

Specifications 

There are no unreasonable l i m i t a t i o n s on size using K.D.F.9 for 

a numerical taxonomic study since the core store w i l l hold data 

s u f f i c i e n t f o r a 230 O.T..U. x 230 O.T.U.. matrix analysis with up to 

a hundred characters per O.T.U. The-flow diagram on page lO/j.' shows 

how the programs are interrelated. Printouts of the programs are given 

on pages io6 to Z 'A* . 

Program FAYCLOl 

5-hole to 8-hole Paper Tape Conversion 

This program can be used for converting 5-hole data tapes to the 
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8-hole format for which there i s an automatic pa r i t y check on reading 

the tapes into K.D.,F.9. 

Where information i s unavailable a value of -1 i s punched. 

Input 1. Gall tape 

CASE NORi-M. 

CARRIAGE RETURN LINE FEED 

K 

FAYCLOIOIKPU; 

PROGAREA 873 

IN 5; 8. 

OUT 8; L. 

2. Data tape (5-hole) 

t|n; ( t i s the number of O.T.-U'̂s and n i s the number 

of characters) 

Xi;x2;x3; x^; 

* i ; ' t 2 j t 3 ; tnJ 

Output An 8-hole version of the data. A. p r i n t out of the contents 

of the tape asaiming t h a t the values to be printed are vdthin the 

range 999.000 to O.QOl; 

Should the program FAICL02 be used subsequently and not FAYCL03, 

then the 5-hole data put into FAICLOl has to be i n a certain order 

and the value of n equal to the t o t a l number of unmodified characters 

required f o r FAYGL02. The character order and value of n are 
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apparent from an examination of the specification^ of FAYCIXD2. 

Time taken - approximately 1 minute for 

a 150 X 60 matrix 

Program FAYCL02 Raw to modified data conversion 

This program i s used f o r taking raw data and converting i t to 

rat i o s v;here necessary. 

Input ( i ) Call Tape 

CASE NORimL 

CARRIAGE. RETURN LINE FEED 

K 

FAYGL0200KPU; 

PROGAREA U12; 

IN 8j L. 

OUT- L. 

(2) Data tape 

n2; (number of modified characters) 

n3; (number of unmodified characters) 

n; (number of unmodified characters) 

t ; (number of O.T..U.Js) 

wl; (number of modified characters) 

zj (number of characters which do not require 
modifying) 
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q; (number of characters which are to be reduced 
to ratios ) 

t ; Cnuraber of characters which are to be reduced 
by summation ) 

qr; (number of characters v;hich are to be reduced 
by summation and ratios) 

Data tape produced as output from FAICLOl; 

Comment A t y p i c a l data tape might be of the following form: = 

9jl6;l6;20;9;3;8;2;3;Ai;Bi;Ci;Di;Ei;Fi;GijHi;Ji;Ki;Li;Mi;Hi;0i;Pi; 

A2;B2;C2;D2;E2; .... 02;P2; 

A3;B3;C3;D3;E3; .... 03;P3; 

A205B'20;C20;D20;E20; •••• 0205^205 

The program would modify the data as follows : = 

Ax5 \ i K̂ ; ii^; % IxJ ^x', K^J ©x;/xJ 

Ax; Bx; Cx; ^ 4 ; ^ / i x ; ^ * % . Ox; 

Output ( l ) The modified data is transferred i n binary form to 

a magnetic tape ready f o r input to FAYCL04. 

(2) A p r i n t out of the modified character values. 

Time taken - approximately 50 seconds for a 150 x 60 matrix. 
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Program FAYGL0300APU 

Direct Input 

This program has been placed i n the suite f o r use on small 

quantities of data where the tedium of converting raw data into r a t i o s 

manually i s negligible. 

The relationship of t h i s program to the rest of the suite can 

be seen i n the flow diagram on pa^e 186 . The program i s used to put 

the data onto magnetic tape suitable f o r input to FAYCL04.. Where 

information i s not available a value of —1 i s punched. A magnetic 

tape labelled PEARSONl. i s required. 

Input 1. Program tape 

No c a l l tape required f o r t h i s program. The length of 

the program does not vra.rrant translating into an 

e f f i c i e n t binary program. The program can be translated 

on the Walgol compiler Kr''M02. 

2. Data tape 

t j (number of O.T.,U,'s) 

nj (number of characters) 

\> 

AgjB'gj C2jD25E2;F2jG2; "^2' 

A^;B-.;C^jD^;E^jF^;G^; n^; 

Time takoi := negligible. Normally 45 seconds 
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g.D>F9 
computer 

Lfeinhandling routines involving 
input and output 

x'^fagnetic tape 
u n i t 

Ifenual punchout 
of modiflad data 
on 5-hole tape 

or 
Efeuaual pxinchout 
of modified data 
on 8-hole tape 

Program 
11 / 

1 8-hole paper tape 
output 

Printout of tape 
contents f o r rapid checking 

Program 
FAYCL03 

Printout of modified data f o r 
reference l a t e r 

Program 
FAYCL04. 

I4Ddified 
characters i n 
binary form 
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Program FAYCL0A04KPU 

Product moment correlation coefficients, and 
taxonomic distance 

This program i s r e a l l y the heart of the matter and computes 

product moment correlation coefficients and taxonomic distances between 

a l l . O.T..U's. Comparisons are only made using characters f o r which 

there i s information. The data i s standardised by the program. A 

magnetic tape labelled PEARSONl i s required. 

Input 1. Call tape 

CASE NORMAL 

CARRIAGE RETURN LINE FEED 

K 

FAYCLO4.O4KPU; 

PRDGAREA 1799; 

IN 8; L. 

OUT L . 

2. Data tape 

t ; (number of. O..T,U.'s) 

nj (number of characters) 

Output 1. A. p r i n t out of correlation coefficients, taxonomic 

distances and the i d e n t i f i e r s of O.̂ T..U's. 

2. A binary form of the coefficients and i d e n t i f i e r s of the 
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O..T.,Uts involved is transferred to a magnetic tape ready for input 

to FAYCL0504iiPU; 

Time taken t= approximately ^ minutes for a 60 Ĉ T.U. x 60 O.T.U. 
matrix. 

Program FAYGL050^KFU; 

Weighted pair cluster analysis 

This program groups O..T..U's into clusters by jo i n i n g the two 

most highly correlated O..T..U's or clusters at each cycle either into 

an existing cluster or into a new cluster. Clusters are numbered 

from 300 upwards so that on the f i r s t cycle the two most highly 

correlated CT^U's w i l l i n i t i a t e cluster 300. Ifegnetic tapes 

labelled PEARSONl. and K S H S K H H S are required. 

Input 1. Call tape 

CASE NORI-mL 

CARRIAGE RETURN LINE FEED 

K. 

FAYCL0504KPU; 

PROGAREA ; 

IN 8; L. 

OUT- L. 

2. Data tape 

a; (number of coefficients. This can be estimated 
according to the formula a = _t£ _ where t i s 
the number of O..T.,Uis. 2 
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n; niimber arrays. This i s equal to rounded o f f to 
the next whole number. 528 

Output A. p r i n t out of the value of coefficient at which O.T.U's j o i n , 

the i d e n t i f i e r s of the O.T.U's concerned, and the cluster vhich they 

j o i n or i n i t i a t e , i s obtained. 

Program FAYGL0602KPU; 

8-hole data output f o r input to discriminant function analysis 

KQiX715013UPU 

A. visual examination of the results from FAYCL0504KPU should 

reveal, what clusters the O..T.,U's are grouped i n t o . Should i t be 

necessary to recognise those pa r t i c u l a r characters and character values 

which discriminate betv/een any tvro clusters then FAYCL06 can be used 

to extract the data of the two clusters i n a form suitable f o r input 

to discriminant function program K(^715013UPU. A. magnetic tape 

labelled PEARSONl i s required. 

Input 1, Call tape 

CASE NORMU:. 

CARRIAGE RETURN LINE FEED 

K 

FAYCL0602KPU; 

PROGAREA 1324j 

IH 8; L.. 

OUT L . 
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2. Data tape 

n; (number of characters) 

t ; ( t o t a l number of O.T..Uts i n tvo clusters to be 

analysed) 

q; (number of 0»T^U's i n group 1) 

qr; (niunber of O..T,U.'s i n group 2) 

Output an 8-hole paper tape punchout of the, data i n a form suitable 

f o r input to KQX715013UPU. 

Comment A. development of FAYGL0602APU, namely FAYCL0800APU i s 

available. This program incorporates a f a c i l i t y f o r missing out 

characters during the data extraction so that the discriminant analysis 

i s carried out on a selection of the characters taken from the characters 

available. For example, chromosome count and pollen grain diameter 

can be missed out. Options for leaving out up to ten characters are 

included. 
Input 1. Call tape 

CASE NORMAL 

CARRIAGE RETURN LINE FEED 

K. 

FAYCL0800KPU; 

PROGAREA ; 

IH L; 8. 

OUT. L.. 
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2. Data tape 

n; 

t ; 

q; 

qr; 

x l ; 

x2; 

x3j 

x4; 

x5j 

x6; 

x7; 

x8; 

x9; 

xlO; 

Z i ; Z2; zq; 

3^2; ^qr; 

(number of characters) 

(number of O.T..U.»s) 

(number of O.T-U's i n group 1) 

(number of O.T̂ U's i n group 2) 

numbers of characters to be missed out i n 
numerical order. I f less than ten characters 
are to be missed out then a value of 200 i s 
inserted instead e.g. i f characters 7 and 13 
are to be missed out, then x l := 7, x2 := 13 
and x3 to X 10 := 200 

( i d e n t i f i e r s of O.T.U's i n group 1 i n numerical order) 

( i d e n t i f i e r s of O.T..Uts i n group 2 i n numerical order) 

Output An 8-hole paper tape punch out of the data i n a form suitable 

f o r input to KQS715013UPU. The data i s produced on two separate tapes 

corresponding to group 1 and group 2 characters respectively. 

Program KQiX715013UPU-

Discriminant function analysis 

This program has been developed by M. Ellson of English Electric. 
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Subsequent corrections have been made. The program produces a pair 

of linear equations to discriminate between two groups or clusters of 

O..T„Û s. Individual observations are then substituted into these 

equations to enable the user to decide to which population each 

individual belongs. The program provides a choice of doing a complete 

analysis a t one time or of stopping before individual observations are 

read i n and completing the analysis at a l a t e r date. A numerical 

breakpoint between the two groups i s provided. 

Input Input data i s punched on 8-hole paper tape, i.e. as produced 

by either FAYCL06 or FAYCL08. 

The number of variables can be up to 99 and the number of observations 

i s l i m i t e d only by the size of the store. 

Observations are read i n as matrices, one m t r i x for each group. 

Output Results are output to the l i n e printer. I f section 1 only 

i s required i n i t i a l l y information i s punched and on paper tape, to be 

read i n again by section 2 a t a l a t e r date. 

The program checks each group matrix to ensure i t has the required 

number of variables. 

Input l . C a l l tape. 

CASE NORî AL 

CARRIAGE RETURN LINE FEED 

. . . . . . .̂ -M 

KQS715013UEU 
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2. Data tape 

S; (matrix- store required) 

Customer name (up to 64. chars) 

Job t i t l e (up to 64 chars) 

2; (indicating that both sections are required) 

2; (number of groups) 

V; (number of characters) 

Tutrices of O.T.U's 

Each matrix i s one group and i s punched as follows: 

A; 1; 2; P; V; (P i s the number of O.T.Û s inthe 
f i r s t group) 

(y i s the number of characters i n 
the f i r s t group) 

Data tape f o r group 1 as produced by either FAIGLO6 
or FAYGL08-

B'; I j 2; q; V; (.q i s the number of O.T.U's i n the 
second group) 

(T i s the number of characters i n the 
second group) 

Data tape f o r group 1 as produced by either FAICLO6 
or FAICL08. 

l y ^ t r i x of individual O-T̂ Û s 
Data tape f o r individual observations produced by 
either FAYCLO6 or FAYCL08 or punched by hand. See 
comments below 

2. I f section 1 only i s r e q u i r e d ^ i n i t i a l l y data w i l l be 
as follows:. 

S; (matrix area required) 

Customer name 

Jttti' t i t l e 
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1 

as above 

3. I f section 2 only i s required data w i l l be as follows: 

S; 

Customer name 

Job t i t l e 

Output 

Paper tape obtained by having previously used 
section 1. 

lyfe,trix of individual O.T.U's as specified i n 1. 

I f both sections are run the output w i l l be: 

jyfeans of both groups 

Variance-covariance matrix 

Inverse variance-col^variance matrix 

1'fe.trix of discriminant equations 

l 4 t r i x of results of substituting individual valaes 

I f section 1 only i s run output w i l l be: 

as above 

as above 

as above 

as above 

paper tape output of discriminant equations. 
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3. I f section 2 only i s run output w i l l be: 

^ t r i x of results of substituting individual values. 

Comments I f in d i v i d u a l O.T.U'̂ s already used i n the analysis are to 

be examined f o r t h e i r entry t o either group then the data can be 

extracted by either FAYCL06 or FAYCL08. I n any other case the data 

would have to be punched by hand. 



A P P E N D I X XIT 

CHAEACTERS IBED IN THE MOLTIVABIATE ANALISB 
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APPENDIX U 

Characters used i n the multivariate analysis, and the 
scoring adopted fo r each 

character 

Character 

1. Time of flo\jering 

Score 

Starts flowering before 
June 8th := 1 

Starts flowering between 
June 8th and June 17 := 2 

Starts flowering a f t e r 
June 17th := 3 

2. Mean number of branches per stem 

3. Position of branching 

4. Height of plant 

5. Diameter of capitulum 

(includes rays on outer f l o r e t s ) 

6. Length of rays on outer f l o r e t s 

7. Mean diameter of. pollen 

As calculated 

Top of stem 
I-iidstera 
Base of stem 

As .measured 

As measured 

As measured 

As measured 

= 1 
= 2 
= 3 

8. Colour of margin of involucral bracts Black 
Dark brovm 

9. Chromosome number 

10. Length of hairs on mid stem 

11. 'Naturality' of habitat 

12. Shape of ends of rays on outer 
f l o r e t s . See Fig. XIV A 

Page 201. 

tUd brovm 
Light brown or favm 
Colourless 

As counted 

As measured 

Habitat natural 
Habitat disturbed 

A.S OalGul^ted 

= 1 
= 2 
= 3 
= 4 
= 5 

:= 1 
:= 2 
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Characters Score 

13. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

2K. 

Density of stem hairs as base of stem Glabrous 
Sparsely haired 
Densely haired 
Very densely haired 

Colour of leaves 
W.B. colour checKing was 
carried out using R.H.S. colour 
charts and freshljr picked stein 
leaves 

Type of dentition of leaf margin 
of basal leaves. See Fig. XIV B 

Number of incisions i n basal leaves 
\ width of leaf 

Thickness of leaf lamina of basal 
lea f , measured midway between the 
main vein and edge of lanina. 
Measured using a micrometer 
screw gauge. 

Regularity i n depth of basal leaf, 
incisions 

Dentition of basal leaves opposite 
or not opposite 

Length of midstern leaf 

Number of midstem leaf incisions 
I- width 

Type of dentition on leaf margin of 
midstem leaves. See Fig. XIV B: 

Regularity i n depth of midstera leaf 
incisions 

Dentition of midstem leaves opposite 
or not opposite 

Very l i g h t green 
Light green 
Mid green 
Dark green 
Very dark green 

As calculated 

As counted 

As measured 

Regular 
Intermediate 
Irregular 

= 1 
= 2 
= 3 

Opposite := 1 
Intermediate := 2 
Not opposite := 3 

As measured 

As counted 

AS calculated 

Regular := 1 
Intermediate := 2 
Irregular := 3 

Opposite := 1 
Intermediate := 2 
Not opposite := 3 

!= 1 
:= 2 

3 
;= 4 

r= 4 
:= 5 
;= 6 
:= 7 
t= 8 
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Characters 

25. - Number of auricles at the base of 
midstem leaves 

26. Condition of pappus on outer achenes 
See Fig. XI7 C 

27. Thickness of stem 

^2-8. The following characters are 
prim a r i l y concerned with shape 
rather than size and mainly consist 
of r a t i o s . 

28. Shape of a lower stem l e a f lamina 
A1/BI. See Fig. XIV E 

29. Ratio of deepest in c i s i o n to 
maximum width i n a lower stem leaf 
lamina. Bl/p^ See Fig. XIV E. 

30. Position of widest point i n a lower 
stem leaf lamina. AI/QJ 
See Fig. XIV E 

31. Proportion of the t o t a l number of 
incisions vAiich are ^ width 
of stem leaf. Is/u . 
See Fig. XIV F 

32. Number of incisions per u n i t 
length of midsteiii leaves. 
WAS- ^^s- ^ 

Score 

As counted 

As calculated 

As measured 

As calculated 

As calculated 

As calculated 

As calculated 

As calculated 

33. Position of narrowest point of raid As calculated 
stem leaf. AS/Q^. See Fig. XIV F 

34. Ratio of naxiraum distance between 
incisions and mid stem le a f length 
As/jjg See Fig. XIV F 

35. Shape of midstem leaf (length/width) 
As/gg See Fig. XIV F 

36. Position of deepest incision i n 
basal leaves. Bb/jj-j^. 
See Fig. XIV 0 

As calcixLated 

As calculated 

As calculated 
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Characters Score 

37. Shape of largest auricle on midstem leaf As calculated 
PS/. Rs See Fig. XIV F 

38. Ratio of auricle length to width of leaf 
base. Ps/Qg See Fig. XIV F 

39. Ratio of width of midste.a leaf base to 
maximum width of midstem leaf. 
Os/gg See Fig. XIV" F 

40. Ratio of maximum vddth to narrowest width 
of midstera leaf. Bs/p^ See Fig. XIV F 

4 1 . Ratio of maximum width to deepest incision 
of midstem leaf. B's/ĝ  See Fig. XIV F 

42. Position of widest point of midstem leaf. 
Cs/pg See Fig. XIV F 

43. Ratio of width to length of stem leaf 
teeth Vs/^^ See Fig. XIV F 

44. Ratio of distance between midstem nodes 
and the height of the plant 

45. Ratio of distance from capitulum to 6th 
node and height of the plant 
N.B. This r a t i o i s used to d i f f e r e n t i a t e 
those plants with short lengths between 
lower stem nodes from those with normal 
lengths between lovrer stem nodes. 
Soo F i ^ i - s I 7 K 

46. Length of basal l e a f laiaina Bb + Cb 
See Fig. XIV B 

47. Shape of basal leaf lanina 
Ab/Bb + Cb See Fig. XIV ft 

48. Ratio 'of length of, petiole to length of 
lamina on basal leaves Eb/Bb + Cb 
See Fig. XIV p 

As calculated 

As calculated 

As calculated 

As calculated 

As calculated 

As calculated 

As calculated 

As calculated 

As calculated 

As calculated 

As calculated 
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Characters 

49. Ratio of nnximura distance between 
incisions and length of lamina i n basal 
leaves. Nb/Bb + Cb See Fig. XIV J). 

50. Shape of rays on outer f l o r e t s 
Length ray/width ray 

51. Number of rays on outer f l o r e t s 

Score 

As calculated 

As calculated 

As counted 

N.B. Lack of material prevented achene size 
and certain of the phenolic pigments to be 
included i n the analysis. 
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A P P E N D I X XV 

STATISTICAL SIGMFICAI'JCE .MP DISTRIBUTION 

PROPERTIES OF THE CORRKLATIOS: COEFFICIENT 

WHEI'I USED IN NUMEHICAL TAXONOMT. 



202. 

APPEI'DDIX XV 

S&B S t a t i s t i c a l significance of the product moment 
correl a t i o n c o e f f i c i e n t when used i n numerical 

taxonomy 

Sokal and Sneath (1963) have pointed out that normal teats of 

significance cannot be applied to correlation coefficients when used 

for numerical taxononyr, because of the heterogeneity of Hie data. 

Normally, two variables can be regarded as being significancly 

correlated i f t h e i r correlation i s larger than + or - 0,25 when based 

upon 50 or more observations. When applied to numerical taxonomy, 

the l e v e l of significance at comparable correlation values would 

probably have to be lowered since a l l the observation values are not 

independent of each other. Unfortunately, there are no methods, other 

than empirical, of assessing by how much the confidence l i m i t s would 

have to be lowered. 

A curious feature of the frequency distributions of correlation 

coefficients derived from the present study and that of Sokal and Rohlf 

(1962) are that they are p o s i t i v e l y skewed. See Fig. on page 203. 

!Eransformation to Fisher's Z does not coii5)ensate for the skewness of 

the d i s t r i b u t i o n . Sokal and Sneath (I963) have a'ttempted to explain 

such a positive skewness by invoking a concept of the impossibility of 

having an aotiorganism, i . e . of having a high negative correlation 

between organisms. I n situations employing standardised characters 

there seems to me no prima facie reeison f o r suggesting that skewness of 
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d i s t r i b u t i o n i s due to an atttiorganism concept. A more probable 

explanation i s that the expected frequencies for positive and negative 

correlation coefficients are rar e l y equal when based upon samples of 

unequal sizes e.g. consider two sauries of sizes A and B taken from 

two morphologically d i f f e r e n t populations such that the hd!iHUhSampte 

correlation coefficients are negative and the Wy»t*>:in-3ample correlation 

coefficients are positive. The number of positive and negative 

correlations produced can be represented byr-

2 2 

0.5 (A - A + B) - B) = number of positive correlations 

AB = number of negative correlations 

For a normal d i s t r i b u t i o n of correlation c o e f f i c i e n t s , the r a t i o of 
2 2 

Qv5(A -A -I- B - Bi) _ ]L 
AB ~ * 

I n a s i t u a t i o n where A = B, then substituting f o r B produces a r a t i o 

of ^ " . This r a t i o i s less than one and the d i s t r i b u t i o n i s negatively 
A 

skewed. 

S i m i l a r l y , where A = 2B, i . e . the size of one saii?)le i s twice that 
1 5A — 1 5 

of the other, substitution f o r B. produces a r a t i o of • •* •—— t l : L . This 

r a t i o , en¥)loying usual values of A, would be much greater than one, add 

the .distribution p o s i t i v e l y skewed. 

4' 



A P P E N D I X XVI 

SOME MORPHOLOGICAL COMPARISOÎ iS MADE BETWEEN 

4 POPULATIQJ€ 



205. 

APPEI€)IX XVI 

Certain characters have been compared between two 'diploid' 

and two 't e t r a p l o i d ' populations. Parameters were measured on 25 

plants from each population. Only some of the plants from each 

population had been cytologioally i d e n t i f i e d . 

XI 
Malham 
Moor 
(4n) 

X 2 
Fen End 

Warwickshire 
(4n) 

X3 
Bearpark 
Durham 

(2n) 

X4-
Loggerheads 
F l i n t s h i r e 

(2n) 

Mean pollen grain 34 .2 ^ 
diameter. Std. 

deviation + 2 , 8 

3 3 . 8 ^ 

t 3 . ] i 

30.3 r 29.8 yuc 

13.7 

Mean number of 
branches. S td. 

deviation 

Mean number of 
auricles on mid 
stem leaves. 
Std. deviation. 

Mean width of 
mid stem leaves. 
Std. deviation. 

Ratio of depth 
of deepest 
incision to 
width of basal 
leaves. S t d . 
deviation. 

1.60 

± 0.39 

3,89 

^1,89 

1.43 C»nS. 

iQ . l 6 

4.67 

+0.63 

1.43 

t 0 . 41 

5.13 

^ . 7 8 

1.01 Cms. 

io .09 

4.47 

!o.54 

0.95 

1 0.35 

6 .61 

io.5L 

0-.82cms. 

io .Q6 

4.32 

!o.62 

0.46 

t 0.33 

^ 7.43, 

^ . 8 3 

Q.85cms, 

± 0 . 0 4 

2.54 

* 0 ^ 6 
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A P P E N D I X X V I I 

HtOGRAM Am DATA rSnTOUTS OF THE PRO&RAIS IBED 

I N THE MULTIVABIATE AHAL^IS 



^ESTABLISH FAYCLO lOOAPU^PIVE TO EIGHT HOLE CONVERSION PEAR1 ;0/PL;-> 

beg in l i b r a r y AT,A5,A4,A125 I n t e g e r x , y , n , t , z , P 1 , P 2 | 

r e a l w | 

r e a l a r r ay c u [ 1 : 1 0 0 ] ; 

open(20) jopen(30) ;open( lO) ; 

PI : = f o m a t ( X s s - n d d . d d ; l ) j 

F2 := fo rma t (Xss -ndd .dd ; c i ) ; 

t : = r e a d ( 2 0 ) ; n : = r e a d ( 2 0 ) ; 

comment t=n'uinber o f o tu s . n=n'umber o f c h a r a c t e r s ; 

f o r X: = 1 s tep 1 u n t i l t do 

b e g i n f o r z :=1 s tep 1 u n t i l n do 

beg in c u [ z ] : = r e a d ( 2 0 ) ; 

end; 

y : = 0 | 

f o r z := 1 s tep 1 u n t i l n do 

begin I f y>8 then beg in 

w : = c u [ z ] ; y :=Oj w r i t e ( 3 0 , P 2 , w ) | w r i t e ( 1 0 , F 1 , w ) | 

end 

e l se beg in w:=cu[z] ; y : = y + 1 | w r i t e ( 3 0 , P I , w ) ; w r i t e ( l O ^ P i , w ) ; 

end; 

end; v / r i t e text(30,X£4c22.) | gap (10 ,30 ) ; 

end; 

c l o s e ( 2 0 ) ; c l o s e ( 3 0 ) ; c l o s e ( l O ) | 

end-> 
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^ESTABLISH PAYGL0200APU;RAW TO MODIFIED DATA CONVERSION PEAR2;0/PL5-» 

begin l i b r a r y A1,A5,A4,A15,A7,A9; 

I n t e g e r n 2 , n35 open(20) j n2:=read(20) ; n3:=read(20) ; 
comment n3 I s upper l i m i t o f array f o r ho ld ing u n m o d i f i e d characters. 

n2 Is upper l i m i t of array f o r h o l d i n g m o d i f i e d characters j 
beg in In t ege r n , t , w 1 , q , r 5 X , d j y , s , F 1 , F 2 ; 

r e a l a ,w ,b | 
r e a l array cu[ 1 :n3-], dv [ 1 :tt2] ; 

opeHTlO}^ f lnd( lOO,XPEARSONli) ; 
n :=read(20) j t : = r e a d ( 2 0 ) | w1:=read(20) | z :=read(20) | q :=read(20) ; 
r :=read(20) ; F l : = f ormat(_[_ss-ndd.dd-5X); F2:=format(_[ss-ndd.dd;cj_) 5 

Interchange(TOO); 

comment t=number of otus. n = t o t a l number of unmodified characters 
which have not been converted to r a t i o s . q=number of characters 
which have been converted to r a t i o s . r=number of unmodified 
characters v/hlch are s\immed. w1=tota l number of modif ied characters I 

f o r y := 1 step 1 u n t i l t do 
begin s:=0^ 

f o r x := 1 step 1 u n t i l n do 
begin c u [ x j : = r e a d ( 2 0 ) | end; 

f o r x : = 1 step 1 u n t i l z do 
,bep;ln d v [ x j :=cu [x j ; end| d : = z j 
f o r x : = z+1 step 2 u n t i l z+q -1 do 
begin d:=d-H ; w :=cuTxT7~b :=cu [ x + T l j 
i f w<0 then d v [ d ] : = w else begin i f b<0 then 
d v [ d ] : = b else begin i f b =0 then b : = 0 , O i • d v [ d ] : = w / b ; end; end; 
end , 
x : = ' z + q + i ; d:=d^r't ' • :=cu[x] j b : = c v . L X + l ] ; 

i f w<0 then d v [ d ] :=V7 else begin b<0 then d v [ d ] :=b else 
dV[dJ:=a:=w+b; end; 

f o r x := z+q+r-M tep 1 u n t i l z+q+r+3 do 
bees in .d :=d+1; w:=cu[x] ; i f w<0 then dvTd] :=w else begin i f a=0 

. then a : = O . O l | 
d v [ d ] ;=w/a;end ; end; 
x:=z+q + r+3 ; 

w :=cu [x+ l ] j b :=cu[x+2] ; i f w<0 then-dv[d+ l ] ;=w else begin i f 
b<0 then d v [ d + l ] : = b else begin i f b=0 then b : = 0 . 0 1 ; d v [ d + 1 j : = 

end; end; dv[d+2] :=cu[x+3] ; 
wr i t e binary(100,dv,Xniodify]_) ; 
f o r x := 1 step 1 u n t i l w1 do 
begin I f s>8 then begin w ; = d v [ x ] ; s:=05 w r i t e ( 3 0 , F 2 , w ) ; end 

else begin w ; = d v [ x ] ; s : = s + l ; w r i t e ( 3 0 , F 1 , w ) ; end; 
end; w r i t e t ex t (30, [ r4c]J_); 

end; c l o s e ( 2 0 ) ; close(30TT c lose (100) ; 
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2l6 . 

gaIGLQ300APU 

begin_ integer t , F l j F2, Wj n j X j y , 35 

f i n d ( loo , fPSiiilSONin )5 open (20) j open (30) j 

interchange (100)| 

t t= read (20)^ n t= read (20): 

coraaent t = nmfoer of O.T.U. ̂ s. n = number o f characters: 

begin r e a l array s t o c k f l ; n ] j 

F l : = format ( f ss-ndd.ddQ ) 5 

F2 format (C ss-ndd.dd;c^ ) | 

f o r X 1= 1 step 1 u n t i l t do 

begin x i= 0%^ 

f o r y ;= 1 step 1 u n t i l n do 

begin stock j t= read (20)3 

i f z ^ S then begin w r i t e (3C,F2jStockr y ^ ) 

z %= o? end 

else begin wr i t e (30sF2jstock t j1 ) j 

z := z + 1; 

end! 

end; wr i t e binary (100, stock, £ modify"3 ) 

end; 

end| close (20)5 close (.30)j close (100)| 

end; 



^ESTABLISH PAYCL0400APU|STANDARDISED ; CHARACTER STATES-: AND'^CORRELATION 
"COEPPICIENTS AND, TAXONOMIC DISTANCE PEAR4;0/PL|"» 
beg in l i b r a r y A0,A1.A5.A7 .A8,A9«A15; 

I n t e g e r t , n , q r ; open(20); t : = r e a d ( 2 0 ) | n :=read(20) ; q r : = t | 
beg;in I n t e g e r x,y,sumnc,z,W1 ,W2,¥3,W4; 

r e a l s\im1,t2,sum2,n1,t1 ,mean,meansq,sd,scs,ltem1 ,ltem2,item,s-um6, 
sum7^s\mi3,sum4,s\am5*nom,denom,numer2,nmer1 , c o e f f , d l s t j 

r e a l a r r a y c u [ 1 : n , 1 : t ] , s t o r e [-1:5283 , s tove [ 1 :n] ,stashC 1; IO56] ; 
open (30) I f i n d ( lOO,_[_PEARSONll) ; 

comment t==number o f otus."n=number o f c h a r a c t e r s ; 
f o r y ; = 1 s tep 1 u n t i l t do 
b e g i n read binary(100,s tove,_[modlfyj_) ; 

f o r x : = 1 s tep 1 u n t i l n do 
b e g i n c u [ x , y j : = s t o v e [ x ] ; end; 

end; 
f o r n1:=1 s tep 1 u n t i l n do i -
beg in STamnc;=0; svim2 :=s\im1 : = 0 | 

f o r t 1 ;=1s tep 1 u n t i l t do 
beg in l t em;=cu [n1 , t 1 J ; i f item<0 then 

sumnc :=suinnc+1 e lse 
beg in i f ltem=0 then i t e m : = O.OOOOi; s\m1 :=sumH-ltem; 

sum2;=sum2+itemt2;.end; 
end ; i f t-sumnc=0 then' beg in . t :=2 j sumnc : = 11 end; 

sd :=sqr t ( ( sum2-meansq) /x ) j 
i f t=2 then t : = q r ; 

f o r t 1 : = 1 s tep 1 u n t i l t do 
beg in i t em:=cu[n1 , , t1 J | i f sd=0 then s d : = 0 . 0 0 0 0 l | 

scs : = ((Item-meanJZsd)+5; 
i f item<0 then c u [ n 1 , t 1 ] : = l t e m else 
c u [ n l , t l ] : = s c s ; 

end; 
end; z:=0;lNTERCHANGEinterchange(lOO)I 

W1 := fo rma t f [?^d.ndddssssssssj_) ; 
W2:=format(Td.ndddsssssssj_) ; 
W3:=f ormat{Tdddsssssss2.) ; 
W4: = f ormat (Tdddc ]_) j 
w r i t e text(S'0,iX3clC0RRELATI0NX2s2piSTANCEX3sllDENTIPIERS_[5c21) | 

f o r 11 :.=J .step 1 u n t i l t do 
beg in f o r t 2 : = t 1 s tep 1 u n t i l t do 

b e g i n sumnc :=0 ; n1 :=0; sum6:=sum7:=s\im3i=sum4:=sum5:=0; 
f o r n1 := 1 s t e p i - u n t i l n do 

beg in I t eml ;=cu[n1 , t l T T i tem2:=cu[n1 , t 2 ] ; 
i f i t emix i tem2<2 then sumnc:=sumnc+1 e lse 

beg in sum6;=sumb+ltem1 ; sum7:=sum7+item1t2; 
sum3 :=s^am3+ltem2| s\m4:=sum4+item2T2| 
sum5 i=s-um5+(ltem2xiter:-*) | 

end; 
en-l, 

, nom:=n-s-umnc ; d3ncm:=sum5-( (suiri''xsum3)/nom.); 
nu : r3r2 : =sum4- (sum3l~2/nQm) ; 

n^umerl :=suir:'7 AS ' 'am6t2/nom) ; c o e f f :=denom/sCj../t (numerlxnumer2) 
d l s t : = s q r t ((Gv^-.a7-:-sum4-2xsum5) /nom) ; 
wri te(30,I^n , c o 3 f f ) I 
w r l t e ( 3 0 , W 2 , d i s t ) I 
v j r l t e ( 3 0 , ^ 3 . t l } ; 
w r i t e ( 3 0 , W 4 , t 2 ) ; 
i f t 2 = t and t 1 = t then beg in i f z = 5 2 8 then goto PETAL; 

f o r x:=1+z step 1 u n t i l 528 do 
beg in s t o r e [ x j ; = - . 9 9 9 ; s t a s h [ x x 2 - 1 ] : = - 1 ; 

s t a sh [xx2] :=0; 
end; 

PETAL: w r i t e b l n a r y ( 1 0 0 , s t o r e , [ s t o r e ] ) ; 
w r i t e b i n a r y ( 1 0 0 , s tash,2stashT) ; 

end 
e lse b e g i n i f t 1 = t 2 then goto CARPEL; 

i f z<528 then b e g i n z : = z + i ; s to re [ z ] : = c o e f f ; s t a sh [zx2-1 ] := t1 ;-
s t a sh [zx2] : = t 2 ; . 

end 
e lse b e g i n z : = 0 ; v j r i t e binary(100,store,_[_store2.) ; 

i v r i t e b ina ry (100 , s t a sh ,Xs tash^ ) ; 
z :=z+ l ; - s t o r e [ z ] : = c o e f f ; s t a s h [ z x 2 - l ] : = t 1 ; 

s t a s h [ z x 2 ] : = t 2 ; 
end; 

end; CARPEL: end; end; c l o s e ( 3 0 ) ; c l o s e ( l O O ) ; 
end; c l o s e ( 2 0 ) ; 
end-» 
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FAYCLOSOOAPU^ 
b e g i n l i b r a r y AT,A3,A7,A12,A8j 

I n t e g e r n , t , q , q r i open(20) | n : = r e a d ( 2 0 ) j t : = r e a d ( 2 0 ) j q : = r e a d ( 2 0 ) | 
q r ; =read(20}Y c'omment n=nuraber o f cha rac t e r s . t=number o f O . T U . S . q=number o f 

O . T . U . S i n g r o u p l . qr=number o f Q . T o U . S i n group2 
This Program i s e s s e n t i a l l y the same as PAYCLO6 Bbut misses 
out up t o 10 characters by r ead ing i n the charac te r numbers 
i n t o X. I f <10 characters are t o be missed out values o f 200 

are read i n ' 
beg in i n t e g e r F 1 , x , y , c a t , X l , X 2 , X 3 , X 4 , X 5 , X 6 , X 7 , X 8 , X 9 . X 1 Oj 

r e a l dogj 
r e a l a r r a y s t o r e [ 1 : n , 1 : t ] , s t a s h [ 1 : n ] j 
i n t e g e r a r r a y t i c h [ 1 : q ] , s m a l l [ 1 : q r ] | 

open(i O } : open(11) | f i n d ( 1 00, [ PEARS0N1 i ) j 
XI :=read(20) jX2:=read(20) ; X3':=read(20): X4:=read(20) |X5 :=read(20) j 
X6:=read(20) ^ X? :=read(20): X8:=read (20) j X9 :=read(20') j 
X l 0 : = r e a d ( 2 0 ) j 
F 1 : = f o r r a a t ( £ - n d d d . d d d d j i ) | 
f o r x:=1 s tep 1 u n t i l t do 
beg in ..read , b i n a r y ( 1 00, s t ash, |_mod 1 f yj_) j 

f o r y : - 1 s tep 1 u n t i l n do_ 
• beg in i f . . s t a s h [ y j = - 1 thein ^stash[y] :=0 j s t o r e [ y , x ] :=s ta sh [y ] 3 

end| 
end; 
f o r x : = 1 s tep 1 u n t i l q do 
beg in t i c h l x j : = E e a d ( 2 0 ) j end | -
f o r x:=1 s tep 1 u n t i l q r do 
beg in smal lLx] :=read(20j j end | • - • 

f o r x:=1 s tep 1 u n t i l q ^do 
beg in f o r y : = 1 s tep 1 u n t i l n do 

beg in i f y=X1 then goto FRED; 
i f y^X2 then goto FRED; 
i f y=X3 then, goto FRED; " ~ 
i f y=X4 t hen goto FRED; 
i f y^X5 then goto FRED; 
i f y=x6 then goto FRED; 

i f y=X7 then goto FRED; 
i f y^XB then goto FRED; 

• "IT S^Xg then goto FRED; 
3^ y=X10 then goto FRED; 

c a t : = t i c h [ x j ; d o g : = s t o r e [ y , c a t ] j w r i t e ( 1 0 , F 1 , d o g ) j 
FRED: end; 

gap(T13730)j 
end j 
f o r x : = 1 s tep 1 u n t i l q.r do 
beg in f o r y:=1 s tep 1 u n t i l n do 

beg in i f y^XT then goto ELOGS; 
i f y=X2 then goto ELOGS; 
i f j ^ X 3 then goto BIDGS; 

• • i fy=X4 then goto ELQGS; 
i f y=X5 then goto BLOGS; 
i f y=x6 .then goto BLGGS; 
i f y^X7 then goto BLOGS; 
i f y=X8 then goto BLOGS; 
i f y= X9 then goto BLOGS; 
i f y=X10 then goto BLDGS; .... • 
ca t :=smal lLxJ j d o g : = s t o r e [ y , c a t ] j w r i t e ( 1 1 , F 1 , d o g ) ; 

BLOGS: end; 
gap(11,30) ; e ^ i 

end; c l o s e ( 2 0 ) | c lose(10)3 c l o s e ( 1 1 ) j c l o s e ( 1 0 0 ) j 
end-^ 

ro 
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->E?/rABLISlI ^"AYCLO::OOA?i;; 
T??EIGH^ED PAXP GLJ^TSr AITALYSIS; 
.V?L : ->beg ln l lTprary A^^A-'I ,A1 ,A:. ,A7,A'%Ar' ,A15; 

l i T ^ ^ r - a , n ^ q , r , z , c , e , r i / ^ ? / 3 / ' ' ' , y , : : , n i t l , . : , - , n l b , n o r k j 
roa^l n i g j 

i n t 3 g o r a r r a y u l c h [ l :?0] ,p3aGG[l :-'00] ; 
"^"r:^-.! ^^^" ' ' ^ ' ^^ f i ^ . ^ - - G o s h ( x ) ; r e a l z ; 

* ^ " j ^ ^ ^ ' ^ ^ • ^ 2^ z : = e x p { z ) ; coG]i:= 0 . _ ' " > ; ( / - v ' ^ ) J c ^ i ^ 
pr ocedure_" 1^ Iii^forans ) j r e a l t r a n s • 

~^0 3 i n t r ans := ( ln (T+t ranc ) - l n { l - t rano ) )/2 : end} 
pr 00 eel ux^e^d J J Is h ( t rans ) ; r e a l t r ans ^ 

l3:^gln r e a l y^j y7^=G'osla(trans ) ; 
t r a n s : - ( l f t r ans<0 then -1 e l s e 1 ) x G q r t ((y7'r2-1 ) VrT?) j e n d 

pp-c.^dure s tuJ* (Pr Ig^Pros ) , Pnt-.^er P r l ^ , ?rog; l 3 o g l n In teger f r a g ; IP Pr l s> Prog t t ion "bu^gin Pi^ag:=Prog, Prog ^ 
:=PrTg; x ' r lgi^Pi^ag/ .nu 

P r I g : = p r igxlCOO; £rog:=PrIg+Pr og ^ 
ond^ 

£ r o c e d T £ v ^ mstuPP( f r i g , Pragj f r o g ) ; I n t j g e r Pr lg^ Prag^x'rog • 
g'egln In teger Prug; Prog:==GnoiGrXprig,"l 000 ) ; Pri]g:=i"rogxl000 ; 

J. J ; - ' l g ~ ~ -"'U^. 
;._nd • 

Ino :-gcr a r r a y plonl: ,3 0 j l . 
b ^ p l i i : ^ n t : - . r n 1 , d l , : . 1 ^ - 1 , . 1 ,y1 , :1 

x1 1 Gte;: 1 u n t i l ''00 
^ '^'-•il'^ri - ^ l ^ S T : : ! ] -1 * 

oHTT" n1: -0 : : 
Por a1 s t e p 1 u n t i l c l do 1 
"begin d1 :=L.ocHaT] , Ln--tuPP(dT7n ^ u l ) ; I 

I P I1=f1 or I1=g1 then goto II:AP^ ; 
m1=g1 or m1=Pl "Tlion go^o Lnq:^ c l : o goto IlOPj 

LEAP: T r : - 1 1 j st\jPP(m1 ^ l l T r ^ o c k T a l ] : - l l T l T T : - n m • 
p l o n : : [ n l ] : = a l ; goto HOP: 
r . i1 : - i1 - stuPP(raTTIT); s o c k [ a 1 ] : - l V n l :-n1-i-1 :,jlonl:[n1 ] :-a1 ; 

^: ^nd ' 
-1 '^"^ step 1 u n t i l n1+1 do ^ 

FTJln d1 :='^lonl:[::Tn 12. c L K ^ t h o n goto Air.^II^"; 
^'^<'' i i iHE v^^Q 'Ain^:^! 

ne:=Gock[d1] • unc.turP(rn?, 11 ̂ ml ) ; 
"pr y1 ste '^ 1 u n t i l n1 do 

'Begin el i - p loHr fTy l ] ; IP o K I tHon g o t o LIGULE; 
" - ^ a l :-coclde1] ; un^uPP(a l7 i r7 r rFTr i^ ' H ^ I ^ " --nd in1=rn2 

then I j og ln gg :=G l ck[d1 ] ; £3 :-G l o l : [ cT] ; PishzX^^^); 
TT^Ez C5?) -" S2 := (g2+G3)/? : dePlc l i (g2) : s lc l : [d1 J :=g2; 
s lc l : [o1] :=-0.Q90; sock[o1] : -0; p l o n l d x l ] :=0; 

plonlcLyl] :=o; 
Gnd o lse goto LIGULE; goto STAME^T; 

"••P-"'" : end; 
xTT^O; f o r a1 :-b1+1 r t e p 1 u n t i l -.1-1 do 

b^^gln IC" 2 l ck [ aTTr ]>c i c k [ a l ] t h ; . n l : e - l n g? :=e l ck [a1 ] ; | 
sTckLal] : -Glck[a1+1] ; s IckTal+1J :="gp; irP:=n o c k l a l ] ; ' 
soc] : [a l ] :=nock[a l+1] ; cock[a1+1 ] * x1 :=x1+1 ' endy 

end; 
I f x1>0 then g o t o ArrPKER; c l := e l - e n t l e r (n1/2) ; 

end j 
W n ( ? 0 ) ; opcnC-^"; ; l n d (10? .^"T^':AT ' " r ) ; l n a ( K : i • 
a :=read(?0); n : - r e a d ( 2 0 ) ; 

c pmont a-number o f coef f I c l o n t s . n - nuinber of ar rays j 
q:=10:' ; r : - : 2 ' ^ ; z :=0 ; c :=0 ; e :=0; 
F1 :== f.ormatf'[ei-d,ddddssGsss3S3sssssG]_); 
r ? : = format f r ddds!:rG3ssG]_): 

^ 1=^ ' ' ' o rnB t f r dddSGsscGseGCGSSGG]_)' 
:= P o r r a t f r d d d c c c ] ) : 

v : r l t e t ex t (3^,i^nE:-^TCIEi!ad 1?sXlDENJI?IEnsh2slPLUSPER" JOi r^^^ , 
beg in In teger qr^qv^qv/^qz; 

In togor a r r a y c t a L h [ l : q ] , b l ^ t v j o [ l : a ] ; 
r e a l a r r a y c o n v [ l :q] , c t o r o l l : r ] , b l g o n o [ l : a ] , 3 t o k c [ l : q ] ; 
IP a<:?9 t l i en q r : - a o l e e be^ln qv : r e n t i e r (a /52 ' ' ) ; qv/:=a™qvx32S; 
qrc-r-g"^; qz:=Oj end; 

P_or x:= 1 step_ 1 u n t i l n do 
beg in read~b^naryTloO"_,store J s t o r e ] ) ^ 

read b i n a r y {100 ,c onv, U t a e h r j ; 
f or n i t : - 1 ster) 1 u n t i l q do 
beg in G t a r . l i [ n l t ] r - c o n v ' t n l t ] J 
f o r y : = 1 s top 1 u n t i l q r do 
Be^ in z :=^zTT'Jblgone[z] G t o r e [ y ] ; n i t :=Gtash[y)<^:-1 ] t 

nerk:=stas]i[y)<2] : s tuCf ( n l t ^ n e r k ) * b lg tv :o [z ] :=nerk: 
end; _1P a>52o then beg in qz :=qz+1 ; I f qz=qv t h e n cr:-qv.^ end; 

end ' 
2 ^ nlg:== +.^XJ Gtcp - .10 u n t i l -1 .00 do 
bo^^ln z :=0; Por 1 s top 1 u n t i l a Ho 

b e g l n ^ i T T l g o n e [ x T T l i l g t h o n ' b e g l n z:=z-M ; Gtoke[z] :=b lgonG[x 
c t a G h [ z ] : = bigt^Pe[x] ; b lgono[x] := -2 .0 ; 

end; 
end; 
Tr"z>0 then begin \:rlto b i n a r y (1 Cl jGtoke ,Uto l :Gj_ J; c := c+1 • 

Por ni;::=^1 otep 1 u n t i l z do 
begin Gonv[ni tTT=- tacHrHl t ] ' end^ 

t l c h [ c ] : - r : _ \ : r l t e b i n a r y (1C1 onv,[_Gtackl); 
end, 

end; 
interchange (1 "i1 ) , 

•"or x:= 1 s tep 1 u n t i l c do 
b e g l n ~ ^ ^ t l ch r ; . : ] ;"re-:.d b inaryTT'^ .ctoko^ U.to!:e]_) 

read blnary'(101 ^convj [ s t ack ]_ ) ; 
Per n l t :=^l£rbc^ 1 un'olT z do 
beg in t a i i h l n T t ] :=conv[nl tTT. ̂ n d ; 
n:==0* Tor y : = 1 Gtop 1 u n t i l ::~1 do 
beg in i f s boka [ y+T J>Gt ol:e [ yJ then 

o^G^ji n l g : = s t o k e [ y ] j s tokoTy] :=Gtoke[y+1 ] - Gtoke[y-f1] : - n l g ; 
n i t i :=^etaehLyJ ; s t a o h l y ] :=etash[y-^1 ] ; stashIy-f-1] :==nlt1 , 

n:=n'-1 , 
end J 

end; IC n>0 then goto SEFoil e lse 
"Te,':!;ln T_or~y'T^n" s top T ^ t l l z do 

^bc^in b lgoneleTy] :=s"t"oke[yTJ b lg t \ ;o [e+y] :=s tash[y] ; 
"^cnT" 

en. • 

e:=e+z; 
end; 

n:^300j f o r :::=^1 c tep 1 u n t i l a do 
begin n i g T ^ i g o n e T x T ; n l t T T ^ l g t u o [ x ] ^ unetuPP(nlt1 , : j g ) : 

conlinent the l a r g e r I d e n t l P l e r is put i n t o P and the smal le r 
i n t o g" 

I f nlg<-0.9?^^ then goto •.̂ i.enk God Por the 'end; 
TT P<2'>:̂  then beg in z:=n^ n:-n-^1 , w r i t e (30,_'1,nig); 
_ _ - ~"^.:rlte ( 3 0 / : : r l t e ( 3 0 , - ^ 3 , f ) ; 

^•rlte (30, ' ' j z ) ^ 
bunch (z , g, P, b Igcne, b Igtv: o, place , x , a ) ; 

end 
= 1-" ^p^o^n lPf>r^^ and g<2:'-^ then z : - P elee z : -g^ 

u r l t eT^^^^T^gTT v;rlteT3^, ^2,g); ^:rl te ( 3 0,T ; P ) ^ 
x;r l to(30, '^ ' i 5Z ) ; bunch(z ,g ,P ,b lgono ,b lg tv /o , p l a c e , x , a ) ; 

end; 
end; 

'hanlc rocr"Por the end: 
end^ c l o e o ( 2 0 ) ; c l o c e ( 3 0 ) , c loGe( IOO) ; c l o o c ( I O l ) ; 
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