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ABSTHACT 

The taxonomy distribution of Maianthemum Web. 

( l i l i a c e a e ) and Oxalis section Acetoaellae, are discussed with 

reference to thei r v a r i a t i o n and evolution. 

I n Maianthemum there are two main taxai M. dilatatum (Wood) 

Nels. & Macbr., confined to the P a c i f i c region? and M.bifolitun 

( L . ) Schmidt with a wider distribution. The l a t t e r consists of 

three subspecies, subspecies bifolium of Eurasia, and subspecies 

oanadense and subspecies i n t e r i u s of N. America. A l l these have 

some populations or Individuals with 2n » 36, but a l l also have 

representatives with h i ^ e r chromosome niombers, 2n = 54 or 

2n " c72. I t i s not yet possible to evaluate the chromosome 

races taxonomically. 

The taxa have s i m i l a r karyotypes; the chromosomes are 

rather large and some are s a t e l l i t e d . The evidence suggests 

that the plants with 2n = 54 Bxid 72 are autopolyploids based 

on 2n n. 36. 

Hybridization experiments have produced good seeds and a 

few seedlings, but no hybrids have been raised to maturity; the 

experiments support the view of a close genetic relationship 

between the taxa. 



HUdilatatum i s morphologically variable. I n Asia i t has 

been modified as a r e s u l t of contact with M.bifolitunvhybridization 

and introgression between them may have resulted i n a recognised 

Asian variety. 

I n Oxalis, l i t t l e i s known about the A s i a t i c taxa. Of 

the other northern hemisphere taxa O.acetosella L. of Eurasia 

and p.montana Baf. of N. America are best treated as subspecies 

of O.acetosella. Hybridization experiments, because of germination 

d i f f i c u l t i e s , have been inconclusive. O.oregana Hutt. of northwest 

America, i s d i s t i n c t from O.acetosella and hybridization experiments 

gave empty seeds. A l l three taxa have similar karyotypes. 

Problems of phytogeography are discussed. I n both genera 

the taxa along the P a c i f i c coasts of N. America are different 

from those of C. and E.N. America, a possible indication of their 

early i s o l a t i o n from the main stock, which perhaps originated i n 

E. A s i a . 
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P A R T O N E 

The genus 

Malanthemum 



INTRODUCTION 

This thesis deals with the experimental taxonomy of the three 

species of the genus Maianthemum and of selected species of Oxalis 

section Acetosellae. I n both genera, the group of species studied 

has a circumpolar distribution i n the northern hemisphere; amd t h i s 

pattern of distribution 3:aises many interesting problems of 

evolutionary and taxonomio importance. 

Part one of the thesis deals with tfeiianthemum and part two 

with Oxalis. Problems common to the two genera are discussed 

i n a f i n a l section at the end of the t h e s i s . 
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Chapter one 

Taxonomy 

The genus Maianthemum i s distributed over the Northern 

hemisphere and i s almost eircumpolar. I n Europe and Asia i t i s 

represented by M«bifolium, i n the P a c i f i c region Ity M.dilatatum^ 

and i n north-eastern America by M.canaden3e. 

Some systeraatists have thou^t that the genus consists of only 

one species. Farwell ( l9l5) says, "a series of specimens ranging 

from Oregon to Hungary allows but one conclusion - that there i s 

but a single species". Farwell's point i s that the l e a f characters 

are the only characters which distinguish canadense from bifolium. 

Our data, as w i l l be seen l a t e r , sjiow that t h i s i s not so. Hulten 

(1962) says that, "differences between these three species are 

rather obvious but i t would perhaps be more rational to regard them 

as subspecies of M.bifolium". Ohwi (1965) extends the geographical 

area of bifolium to North America thus confusing i t with the 

American taxa. 

Accordingly t h i s account begins with a description of the genus 

and the three species, and of th e i r geographical distribution, 

taken from the l i t e r a t u r e . Following t h i s i s a detailed investigation 

of the plants themselves, based on both herbarium and fresh 

material, which seeks to c l a r i f y the differences between them, and 

express them, where possible, i n quantitative tenns. 

I n subsequent chapters hybridization experiments and cytological 

investigations are described; and f i n a l l y an attempt i s made to discuss 

the relationships of the taxa i n both taxomomio and biosystematic terms. 
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We s h a l l begin by giving a description of the genus and the 

species as i t i s given i n current f l o r i s t i c works.' This w i l l give 

some ides of the characters iftdoh systematists have used. Notes on 

the geographical dis t r i b u t i o n of the taxa are then given, before 

proceeding to an account of our own examination of both herbarium 

and l i v i n g material. 

Miaianthemum Web 

Perennial herbs, with creeping rhizomes; stem erect, absent i n 

s t e r i l e plants; leaves 1-to-3, alternate. Flowers white, i n terminal 

racemes; perisuith segments 4 | spreading; stamens 4* Ovary globose, 

2-celled, with 2 ovules i n each c e l l ; s t y l e usually equal to ovary; 

stigma 2-lobed. F r u i t a 1-to-4-3eeded berry; seeds subglobose to 

bean-shaped. 

1. Flowers 4-7™i i n diameter; s t y l e s stout; base of 

ovary truncate M. dilatatum 

1. Flowers 2-4iBm i n disuneter; s t y l e s slender; base of 

ovary rounded or turbinate ... 

2. Lower cauline l e a f petioled; sinus 4-1Imm deep 

M. bifolium 

2. Lower cauline l e a f s e s s i l e or subsessile; sinus 

1-5mm deep. 

3. Plant glabrous M.canadense 

3. Plant pubescent ... ..» M.canadense var. 

in t e r i u s 



M.bifolium (L) Schmidt 

Stem 10-25 (-30) cm, glabrous except i n the upper part. Lower 

oauline l e a f 3-6 x 2-4 cm. pilose, ovate, acute, cordate at base, 

sinus 4-11 deep; petiole 5-25 mm. Inflorescence l5-to-30 flowered; 

flowers 2 ^ im in diameter, i n f a s c i c l e s of 2-3; perianth segments 

1- 2 mm, white, pedicels 2-5 mm, spreading. Base of ovary turbinate; 

s t y l e slender, tending to s p l i t at summit. Berry 4-6 mm, red, 

speckled, 1-3 seeded; seeds 2.2 - 2.5 x 1.8 - 2.1 mm flattened. 

M.oemadense Desf. 

Stem 10-20 cm, glabrous. Lamina of lower l e a f 3-6 x 1-3 cm, 

ovate-lanceolate, glabrous, acute, cordate a t base, sinus 1-5 mm 

deep; a l l veins including cross-commisures d i s t i n c t i n dried leaves; 

margin of l e a f entire or s l i g h t l y crenulate; petiole 0-3 mm. 

Raceme 15-to 30-flowered} flower 2-4 mm i n diamfeter, white; perianth 

segments 1-2 mm, white; pedicels 2-6 mm, spreading. Base of ovary 

rounded, style s slender with l e s s tendency to s p l i t at summit than 

i n M.bifolium. Berry 4-6 mm, red, speckled, 1-to3- seeded; seeds 

2- 2.6 X 2 mm, nearly spherical. 

M.canadenae var. i n t e r i u s Femald i According to Fernald ( l 9 l 4 ) 

t h i s v a r i e t y d i f f e r s from the type i n having a pubescent stem, and a 

diff e r e n t geographical distribution (see below). According.to 

Butters ( l 926 ) , the differences between the var i e t i e s of M.oanaden8e 

are as follows (Table l ) . 
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Table 1 

Resemblances and differences i n C, E. 

N.American Ifeianthemum taxa (from 

the l i t e r a t u r e ) . 

Character ioanadense 'interius garolinianum ovale 

Indumentum 

Lamina width 

l e a f form 

Petio l e 

l e a f margin 

No. of f l s . 
per i n f l o r . 

Filaments 

Habitat 

glabrous 

2.95 cm 

acute, cordat^ 

5-12 mm 

entire 

23.1 

subulate 

northern 
evergreen 
forest 

pubescent 

3.5 cm 

obtuse 
cordate 

ciliated 

26.1 

clavate 

southern 
deciduous 
forest 

glabrous 

2.5-4 cni 

obtuse to 
acute, 
cordate 

1.5-4 inm 

entire 

glabrous 

1.8-4 cm 

ovate, 
scarcely 
jcordate 

10 mm 

mountains of 
N.Carolina, 

eastern 
N.America 

occurring Ydth (Atlantic 
the species City, 

New J e r s ^ 
Minnesota.) 

Material of var. carolinianum Butters, and var. ovale (Pursh) 

B i t t e r s has not been seen. The differences between the species 

and var. i n t e r i u s have been confirmed. •. This variety 

has been raised .to a subspecies rank by Love and I^ve (l954) on 

ecological groimds. 
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M«cLilatatum (Howell) Nels. & I&cbr. 

Stem 10-40 cm, glabrous. Lower cauline l e a f 2-10 cm, cordate to 

sagitt a t e , simis 12-30 (-100) mm deep; petiole 2-8 om. Baceme 

I5_to-40 flowered; flowers 4-7 nun i n diameter, i n f a s c i c l e s of 

2-4; perianth segments 2-3 mnj pedicels 2-5 mm, spreading. Base 

of ovary truncate; s t y l e stout. Berry 6-8 mm, red 1-to 4- seeded; 

seeds 2.5-3 x 3 mm, bean shaped or globose. 

Var i e t i e s of M.dilatatum; Butters (l92f) suggests the 

recognition of an Asian variety for which he recommends the use of 

the name var. kamtschaticum (Snel.) Butters. I t s range i s on the 

A s i a t i c mainland,, along the coast from latitude 44° to Kamchatka, 

and i n the A s i a t i c islands from southern Japan to Bering Island. 

The differences between the type and the variety are as follows 

(Table 2). 

Table 2 

Differences between the type and the variety of M.dilatatum 

American species Asian variety 

Anther 0.6 mm long, oblique 0.8 mm long, p a r a l l e l 

Connective .Wide Narrow 

Filament Ve r s a t i l e Non-versatile 

Seed 2 X 2.5 X 3-3.5 mm 1 X 1.8 X 2.4 mm* 

* One seed only-
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We have looked into the A s i a t i c material of M.dilatatuin and we 
have found many points of interest which w i l l be discussed l a t e r . I t 
i s convenient here to point out that the character of the anther, 
described as consistent by Butters (Table 2), i s found to be variable 
as shown i n Table A* Of the remaining characters i t has not been 
possible to confirm the differences i n the connectives and the 
filament, both of which are rather d i f f i c u l t to examine. As for 
the possible difference i n seed s i z e , lack of material prevented 
us from veri f y i n g t h i s . I t i s interesting that other evidence 
supports Butters* view that the A s i a t i c material could be considered 
as a variety of M.dilatatum; t h i s we w i l l discuss i n more d e t a i l 
l a t e r . 

Sokolovskaya (l96l) has found and described a forma of 

M.dilatatum i n the Far East, which she ca l l e d f.vegetior, the 

cytology of which w i l l be mentioned l a t e r (p. ) . The forma i s 

t r i p l o i d suad large i n a l l i t s parts. 



Geographical distribution! The geographical distribution of the 

three species and a variety i s shown i n the map, Eig.1, taken from 

' Hulten (1962). 

M.bifolium extends from B r i t a i n i n the west (where i t i s very 

rare) across Europe to E.Asia. I t i s a common woodland plant i n 

Europe and doubtless over much of i t s range. I n the Par East, i t 

i s recorded i n Japan ( r a r e ) , north China, and Korea, also i n Siberia, 

N.Szechuan, and C.Kamchatka, but i s rare i n S a j ^ l i n and the K u r i l e s . 

I n t h i s area, i t appears to overlap s l i g h t l y with M.dilatatum, but 

i t i s not known i f hybridization occurs. Hid ten (1962) states that 

the "occurrence of t r a n s i t i o n a l forms should be studied i n the 

areas where the ranges overlap i n eastern Asia and i n B r i t i s h 

Columbia". Kawano ( i n correspondence) says that "M«bifolium and 

M.dilatatxun are ^rmpatric at several l o c a l i t i e s i n Honshu and 

Hokkaido, and I have often discovered morphologically interconnecting 

forms, ^ ^ c h may represent hybrids or hybrid derivatives". 

M« dilatatum occurs along the shores of continental Asia, i n 

Si b e r i a (scattered l o c a l i t i e s ) , i n Japan and Sakhalin, i n Manchuria, 

Korea, Kamchatka, and i n the Aleutian Islands. Bitchlnson, 

remarking on a herbarium specimen collected from Attu Island 

says that, "the plant i s not found on any of the Aleutian Islands 

(with the exception of Kiska) and i s very common at Attu". This i s 

s i m i l a r to the remark of Turner (quoted by Hulten, 1937), that 

M. dilatatum i s "not common throu^out the Aleutian Islands" a remark 

considered by Hulten as incorrect. Hulten, however, states that 



g j ^ . 1 t Distri'bution of the genus 
MaiantheiBua^ (Hulten,1962), 
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there i s a gap i n the distribution of M. dilatatum of about 3000 km. 
between the middle Aleutians and S.E. Alaska. The plant then 
extends southwards to C a l i f o r n i a . 

M.canadense extends across N.America from East to West, but 

i t i s separated from M. dilatatum i n the west by the Hocky Mountains. 

The v a r i e t i e s canadense and int e r i u s have rather different but 

considerably overlapping distributions, and i t would appear from 

the l i t e r a t u r e (Pemald, 1914 amd Butters, 1926) that the legend 

on Hulten's map i s incorrect. I t i s variety i n t e r i u s yshloh 

extends farthest to the west. 

Table 3 gives data on the extent of overlap between the various 

taxa, assembled from the l i t e r a t u r e . 



1 0 
Table 3 

Bange of overlap between Maianthemum taxa 

Main area and taxon Overlapping zone Main area and taxon 

M. canadense var. i n t e r i u s 

E.N. America Minnesota, Indiana 
N.York, Wisconsin 

C.N. America 

M.bifolium M. dilataturn 

Eurasia Japan, China, Korea, 
Kamtchatka, 
Manchuria 

" P a c i f i c area 

I t i s very d i f f i c u l t to obtain accurate habitat information 

over the whole range of the three species. Kawano ( i n correspondence) 

says that i n Japan "M.bifolium i s s t r i c t l y confined to temperate 

broad-leaved deoiduous forests and boreal coniferous forests, but 

M.dilatatum i s exhibiting a tolerance to diverse ecological 

conditions". A s i m i l a r situation i s reported by Butters (1926) i n 

N. America inhere M.canadense i s found i n Minnesota only i n the region 

of boreal coniferous forests, vhexe&s i t s variety i n t e r i u s i s found 

i n deoiduous forests. 
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Herbarium studiest 

The materials used i n t h i s survey were from the herbaria of 

Durham University, Manchester University, the New York Botanic Garden, 

Harvard University, Munich University, and the B r i t i s h Miseum 

(Natural History). 

The specimens measured aire l i s t e d I n Appendix 1. I t w i l l be seen 

that those of M.bifolium cover most of the range outside the Soviet 

Union; the specimens seen of M.dilatatum and M.canadense cover a 

large part of the range of the 2 species, though the number of 

specimens seen of M.canadense var. i n t e r i u s i s rather small. The 

l o c a l i t i e s for the species studied are plotted i n the map Pig. 2. 

Unfortunately, the collections studied had very few specimens from the 

Soviet Union, although i t i s known from the f l o r a that i t s distribution 

i n t h i s area i s extensive. From the map i t i s also c l e a r that 

M.oanadense var. i n t e r i u s i s separated from M. dilatatum i n the west 

by the Hocky Mountains. I t should also be said that some of 

herbarium sheets do not give the exact l o c a l i t i e s , t h i s has made i t 

very d i f f i c u l t for us to present such l o c a l i t i e s i n the map, t h o u ^ 

t h ^ are l i s t e d i n the Appendix. 

On most herbarium sheets, several specimens of the plant are 

represented} smd the method used has been to select the largest plant 

as a representative sample for that p a r t i c u l a r l o c a l i t y . Vegetative 

characters are mostly used, as f l o r a l characters have been d i f f i c u l t 

to assess due to t h e i r smallness added to the d i f f i c u l t y i n 

preserving the many-flowered inflorescence i n a reasonable condition. 



F i g . 2 
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I t has been possible to study some of the flowers more closely but 

we must admit that the material available was too limited. Characters 

of the seed and f r u i t were r a r e l y available from herbarium specimens, 

and most of the study on seeds and f r u i t s has been done on imported 

material throxi^ seed-exchange. The sources of the seeds are l i s t e d 

i n Appendix 2. 

After a preliminary survey, i t was decided to measure the following 

characters; stem length (from ground l e v e l to apex of inflorescence), 

petiole length, width of Isunina, length of midrib, depth of sinus, 

length of pedicel, length of anther, flower length, and number of 

flowers per inflorescence. The means, and the standard errors of 

the means of the measured chsiracters are shown i n Table 4. The data 

are presented i n different ways. RLrst, Pig. 3, shows a scatter 

diagram, i n which data for individual specimens are given, this gives 

a good idea of v a r i a b i l i t y . Along the abscissa i s plotted the midrib 

length i n Fig. 3-1, and the depth of sinus i n Fig. >2. Along the 

ordinate i s plotted the width of lamina i n F i g . 3-1, and the petiole 

length i n F i g . 3-2; i n both i t i s evident that M.dilatatim has the 

longest midrib, the widest lamina, the longest petiole, and the 

deepest sinus. 



Key for the charswsters enumerated i n Table 4 (Seeing page) 

1. Stem h e i ^ t . 

2. Petiole length. 

3. Sinus depth. 

4* I^unina width. 

5. Midrib length. 

6. No. of flowers per raceme. 

7. Pedicel length. 

8. Anther length. 

9. Flower length. 
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Table 4 

< MoCThological character i n Maianthemum. 

Means and standard error of the means. 

A l l measurements i n nans. 

Character No. 
Taxon and area 1 2 3 4 5 6 7 8 9 

dilatatumt-

P a c i f i c 
N« America 270i 46.5- 20i 6oi 7oi 37i 4.9i o.8i 6.5i 

10.9 3.5 1 2.5 2.4 3 0^2 0.3 0.1 

Alaska and 
Aleutian I s . 270i 60i i 8 i 45+ 67i 27i 3.6t 0.9^ 4.4-

21.5 2.4 2.4 9 7 2.2 0.4 0.03 0.05 

A s i a I52i 24i i i i ^ 4 i i 40i i2.5i 3.6t i . o l 6.5t 
19 2.2 1.7 3.6 3.8 1.4 0.2 0 0.22 

Japan i3oi 24i I 3 i 34i 4oi i 5 i 3̂  o.oi 5.5I 
8.7 1.3 0.07 2.3 1.8 0.6 0.05 0.02 0.12 

bifolium 

Asia MO- 8 i 35i 44i 25i 4.2l 0.7! 6.7i 
6.4 1.2 0.4 1.7 1.7 1 0.15 0.2 0 

Europe ^e^t 10.2^ 32i 44i 27i 3.8i o,et 6.7l 
3.8 0.7 0.6 0.9 1.3 1.5 0.1 0.02 0.1 

canadense 
E.N.America i3oi 2t i . 7 i 2oi 25i 2^t 4i o.ei 6.7i 

3.5 0.2 0.1 0.6 2.3 0.54 0.15 0.05 0.08 

C.and W.N.America 
(v a r . i n t e r i u s ) i52i 

24.3 
5.4^ 
0.9 

2t 
0.4 

30l 
1 

40t 
3.5 

28l 
1.1 

4.5i 
0.15 

o.9i 
0.002 

7i 
0.13 



Pig. 3 Scatter diagrams, based on herbarium data. 

3-1 Scatter diagram, v a r i a b i l i t y of two 

correlated characters i . e . lamina width 

and midrib length. 

3-2 Scatter diagram^ v a r i a b i l i t y of two 

correlated characters i . e . depth of simus 

and petiole length. 

Key to symbols 

A M.dilatatum 

• M.bifolium 

% M.canadense 
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Secondly, the data are presented i n polygon-form whereby the 

mean of each of the characters examined i s plotted along one of the r a d i i 

constituting the polygon. Sometimes the mean i s so small for certain 

characters that i t i s necessary to enle-rge i t by a constant factor, or 

i t may be so large to necessitate i t s reduction by a constant factor 

a l s o . The reduction, or magnification, factor i s stated i n the key 

attached to the polygons. 

A polygon, therefore, stands for a group of characters measured 

on several specimens, representing a certain area of distribution; i t 

gives a v i s m l representation of the average plant. On examination 

of the se r i e s of polygons shown i n F i g . 4> the s i m i l a r i t y i s evident 

between the two North American taxa. Another l i n e of s i m i l a r i t y i s 

between the E u r a s i a t i c bifolium - dilatatiua populations. Both the 

American and the E u r a s i a t i c taxa are d i s t i n c t l y different from the 

P a c i f i c northwest population of dilatatmn. 

Thirdly i n F i g . 5, l e a f characters of the specimens studied are 

drawn on basis of t h e i r means. The two extremely different taxa are 

those of P a c i f i c Northwest American dilatatum and Eastern North 

American canadense. The remaining taxa, i . e . Eurasiatic bifolium 

A s i a t i c and Japanese dilatatum, and var. i n t e r i u s are rather similar. 



F i g . 4 Morphological characters i n M^ianthemum. 
Polygon representation. Based on the 
data i n Table 4* Key for the characters 
plotted i s as followsi 
1. Stem length x 1/4 
2. P e t i o l e length x 2 
3. Sinus depth x 4 
4. Lamina width x 2 
5. Midrib length x 1 
6. No. of flowers per raceme x 1/4 
7. Flower length x 5 
8. Pedicel length x 5 





Fig* 5 Lower caullne leaf i n lilalanthemum* Based on 

the means stated i n Table 4« 

A dilatatum Pacific Northwest imerica. 

B dilatattun Alaska and Aleutian I s . 

C dilataturn Asia. 

D dilataturn Japan. 

E bifolium Europe. 

F bif o l i u m Asia 

Gr var. i n t e r i u s W. and C. Worth America. 

H canadense Eastern North America. 
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I t i s i n t e r e s t i n g to note the difference i n the stature of 

dilatatmn plants on both sides of the Pacific. The plant seems to 
a t t a i n a higher stature along the American Pacific northwest coast, 
becoming reduced i n size as i t spreads along the Asiatic Pacific 
coast. On scoring the various l o c a l i t i e s on the basis of plant h e i ^ t , 
the r e s i i l t s were obtained and l i s t e d i n Table 5. I t i s evident from 
the Table that there are marked differences i n plant height i n dilatatum 
populations. I n Asia most of the l o c a l i t i e s are represented by short 
plants. I n Japan, there are short and medium-sized plants. I n Alaska 
and the American Pacific Northwest coast, a l l the specimens are very 
t a l l . Butters {^92f) says that "Southwards the statxare of the plant 
( i . e . dilatatum) diminishes on both sides of the Pacific, but much 
more notably so on the Asiatic side"f This i s similar to the 
statement of Kawano ( i n correspondence) that "M. dilatatum i s 
enormou^sly variable i n gross morphology and reveals a clinalr;!'. 
v a r i a t i o n i n several characters from the populations i n northern 
Pacific regions to those i n the southern d i s t r i c t s . The variation 
seems to be genetically fixed, and not environmentally induced". 
Pig. 6 i l l u s t r a t e s t h i s v a r i a t i o n i n stature. To the l e f t are shown 
two specimens from California; i n the centre from Siberia and parts 
of Asia; and to the r i g h t , from Japan. 

This Asiatic population presents us with an interesting problem 

of evolutionary, phytogeographical and taxonomic importance. This w i l l 

be discussed later.'. 
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Table 5 

Variation i n plant heifdit 

i n Maianthemum Number of l o c a l i t i e s examined 

Taxon and area Less than 
5 cms. 

6-10 
cm. 

11-15 
cm. 

16-20 
cm. 

over 21 
cm. 

M.dilataturn 

Japan 3 7 5 8 2 

Asia 1 5 2 2 2 

Alaska and Aleutian 
Islands. 

0 0 1 2 3 

American Pacific 
Coast 0 0 1 0 15 

M. b i f o l i u m 

Asia 0 0 6 9 3 

Europe G 0 8 6 2 

M. canadense 0 11 25 11 1 

var. i n t e r i u s 0 2 7 5 2 

Specimens from some of these l o c a l i t i e s have only been measured f o r 

plant h e i ^ t as most of the leaf and inflorescence characters are either 

lacking or completely spoiled on drying. 
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Characters of the f r u i t , seed and flower 

Maianthemum berries are speckled, reddish and fleshy on maturity. 

I t has been reported that some species of birds eat them (see p. 27) 

The number of seeds per berry i s rather variable and f o r t h i s reason 

we have thought i t of interest to examine the berries received t h r o u ^ 

seed-lists. The l o c a l i t i e s of the seeds are shown i n appendix 2 . 

I n most cases i t i s clear that the col l e c t i o n represents a good niunber 

of f r u i t i n g plants. I n the following Table (Table 6) the various 

l o c a l i t i e s are examined f o r single seeded, 2 - , 3 - , or 4 - seeded berries, 

thust 

Table 6 

Number of seeds/berry i n Maianthemum. 

(imported material) 

1 11A ^sv^ Locality 1-seeded 2-seeded 3-seeded 4-seeded 
laxon reference berries berries berries berries 

M.bifolium (3) 37 20 5 0 
P ) 40 6 0 0 

" (6) 120 51 4 0 
8 2 0 0 

(8) 11 7 1 0 
(11 14 8 3 0 

" (12) 5 7 1 0 

M.canadense M 15 12 4 0 
(13) 22 21 4 0 

M.dilatatum (10) 

1 

33 12 3 

'1 

1 

I t i s apparent from the table above that a l l the taxa produce 

1-3 seeds per berry, r a r e l y 4» Two taxa, v i z . , dilatatum and bifoliiun 
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produce most of the seeds i n uni-seeded berries, whereas i n oanadense 
single-seeded and two-seeded berries seem to occur at the same 
frequency. The seeds i n a l l cases vary i n shape, depending on whether 
there i s one seed, or several, i n the berry; i n the l a t t e r case they 
become flattened at the point of contact. 

Seed measurements have been done on the seeds produced tsy the 

single-seeded berries; t h i s makes the measurement more e a ^ as the 

seed i s more or less spherical. The results are shown i n Table ?• 

Table 7 

Seed measurements i n Maianthemum. 
(imported material) 

Taxon 

M.bifolium 

M.canadense 

M.canadense 

M.dilatatum 

Locality 
reference 

(6) 

(9) 

(13) 

(10) 

Seed length 
mm. 

2.6 i 0.02 

3.0 i 0 

2.6 i 0.03 

2.8 - 0.04 

Seed width 
mm. 

2.2 - 0.02 

2.7 - 0.05 

2.2 i 0.04 

2.8 t 0.015 

There are some s i g n i f i c a n t differences between dilatatum (lO) 

and b i f o l i u m ( 6 ) , and dilatatum and canadense ( 9 ) ; i n both cases seeds 

of dilatatum are larger. There i s also a difference between the seeds 

of b i f o l i u m (6) and oanadense (9) those of the l a t t e r being larger. 

I t i s i n t e r e s t i n g that a s t r a i n of canadense^ now i n c u l t i v a t i o n , i . e . 

M4, 1, produced on eaelfing 7 seeds measuring on the average 2.9 x 2.5 mm. 

Thus similar to s t r a i n (9) above, but the s t r a i n i n c u l t i v a t i o n i s 

found to be a t r i p l o i d . On the whole, seeds do not give us any 
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differences of taxonomic value and w i l l not be discussed further. 

Flower characters have been d i f f i c u l t to analyse i n the dried 

plants; the flov/era are very small and badly preserved on the sheets. 

On the l i v i n g plant we have employed most of the buds i n qrtological 

and hybridization experiments, but i t has been possible f o r us to 

examine the specimens made available f o r us by the Ctirator of the 

I&nchester TTniversiiy herbarium, who kindly allowed us to remove some 

of the flowers f o r the purposes of our work. The results are shown i n 

the following Table (Table 8) and axe presented diagramatically i n 

Hg. 7» I t i s clear from both the table and the figure that the 

flowers are generally very similar, but we have observed some 

differences. The anthers i n M.canadense are seen to be joined to 

the connective at either the midpoint or the base (see Pig. 7)« The 

s t y l a r s p l i t at the sxumnit i s more marked i n M«oanadense var. i n t e r i u s 

and M.bifolium than i n the other species (Pig. 7) , and the siyle i s 

stouter and thicker i n M. dilatatum. We have been unable to confirm the 

characters of the ovary base pointed out by Butters and incorporated 

i n the key page 3 and i n our opinion the ovary base does not provide 

any marked differences of taxonomic importance. There i s only one 

way i n which the whole ovary seems to be d i f f e r e n t , v i z . i n 

M. canadense var. i n t e r i u s where i t i s wider than i n euay of the other 

taxa (Pig, 7 ) . 

Characters of the flower other than thickness of the pedicel 

and s t y l e and width of perianth, w i l l not be discussed further as 

t h ^ are not of much taxonomic value. 
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Table 8 

Flower character i n Maianthemxun 

Means and standard error of means. 

A l l measurements i n nags. Herbarium data. 

Taxon Character in t e r u i s danadense bifolium dilatatum 

Ovary length 1.0 i 0.01 I . o i 0.01 I.oi 0.01 0 .94i 0.01 

Ovary width 11 . 35^ 0.02 I . o i 0.02 I.oi 0.01 0 .94i 0.01 

Style length 1.1 i 0.01 1.3 i 0.02 I.oi 0.1 0.9 i 0.01 

Stigma width 0.55^ 0.02 0 .46i 0.02 0 .5 i 0.02 0.6 i 0.01 

Filament length 1.8 i 0.02 1.4 i 0.03 1.8i 0.02 1.5 i 0.03 

Anther length 0.9 i 0.01 0.7 i 0.01 o .7i 0.01 0.6 i 0.01 

Length of largest 
perianth se^ent 3.0 t 0.03 2.8 i 0.04 2 . 6 i 0.03 2.7 i 0.03 

Width of largest 
perianth segment 1.6 i 0.04 1.2 i 0.03 1.2i 0.03 1.8 i 0.03 

Number of flowers 
studied 4 16 12 8 



Pig. Flower characters i n Maianthemum. 

Based on the means. Herbarium data. 

Topi Largest perianth segment. 

Middles Stamens. 

Bottomi Ovaries and styles. 
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Survey of fresh material 

The sources of the l i v i n g plants used i n t h i s work are given 

i n Appendix 3* Up to the present, i t has not been possible to 

investigate f l o r a l characters as a l l flowers have been used either 

f o r examination of pollen mother cell s or i n hybridization experiments. 

However, the epidermal characters of the leaf were studied, using 

s t r i p s o f epidermis stained i n aceto-carmine and some interesting 

differences were found. 

Data f o r representative plants of the three species £ind the 

vari e t y are given i n Table 9» I t w i l l be seen that as well as 

stomatal length, width and aperature, i t was possible to measure the 

nuclei of the guard and subsidiary c e l l s , which were very well stained. 

I n each preparation, 25 stomata from a single leaf were measured, and 

means and standard errors calculated. The leaves Tfere at comparable 

stages of development and had been grown imder similar conditions. 

The means are shown diagramatically i n Pig. 8. 
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Table 9 

Means and standard error of means 

of epidermal characters i n species of 

Miaianthemum. A l l measurements i n microns. 

M. canadense 
var.interius M. canadense 

(Mia) 
T r i p l o i d 

M. dilatatum 
(American) M. bifolium 

(N5,1) 
Diploid (Mv4,l) 

Tetraploid 

M. canadense 
(Mia) 

T r i p l o i d ( l i i a ) 
Diploid 

M. bifolium 
(N5,1) 
Diploid 

Stomatal 
length 45.7 i 1.3 37.2 i 0.78 35.1 i 0.6 34.8 i 0.4 

Stomatal 
width 36. i 0.5 38.9 i 0.6 35.3 i 0.6 33.7 i 0.5 

Larger diameter 
of guard c e l l 
nucleus 

11.5 i 0.2 11 i 0.3 9.9 i 0.2 8.26i 0.2 

Narrow diameter 
of guard c e l l 
nucleus 

11.6 i 1.1 7.8 i 0.15 7.6 i 0.1 7.2 i 0.17 

Large diameter 
of subsidiary 
c e l l nucleus 

13 i 0.0 9.3 i 0.36 9.9 i 0.28 8.5 i 0.26. 

Narrow diameter 
of subsidiary 
c e l l mcleus 

13 i 0.0 8.l6i 0.3 8 i 0.4 8.2 i 0.3 

Stomatal 
aperture 27.4 i 0.7 I7.36i 0.5 14.5 i 0.4 19.3 i 0.8 

I t w i l l be noted that there i s a sig n i f i c a n t difference i n both 

stomatal and nucleus size between M. oanadense var. i n t e r i u s and the 

other three taxa. There are other si g n i f i c a n t differences too, but 

these should not be emphasized, as only a single set of sanrples has 

been taken. I t i s notaworthy that var. i n t e r i u s i s t e t r a p l o i d , as w i l l 
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be shown below, and t h i s fact may well be correlated with stomatal 

and nuclear size. 

These characters need to be investigated i n the dried material; 

u n t i l t h i s i s done, they cannot be used i n the general ta^n&mic 
o 

Qi 
I 

discussion. 
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l e a f of MaianthemiMn. Based on 
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Anatomy of the rhizome i n species of Ifeianthemum 

Butters (l92t?) gives a number of anatomical differences i n the 

rhizomes of Maianthemum species. He does not, however, specif^ the 

age of the material used, and there must be, therefore, doubt about 

the significance of these differences. We have looked in t o the 

anatomy of the yoxrng rhizomes of a l l the species, and our findings 

d i f f e r from those of Butters. I n one case he describes the 

endodermis of M.canadense as made up of thick c e l l s that are 

r e l a t i v e l y narrower than those of the variety, and forming two 

complete layers, with scattered thickened c e l l s i n the t h i r d layer. 

We have not been able to confirm t h i s . The endodermal cell s of t h i s 

species are wide, with very l i t t l e thickening and forming only one 

layer. He describes the endoderrais of the variety i n t e r i u s as 

r e l a t i v e l y wider than i n the species, more shallow and with no second 

layer of thickened c e l l s or at least incomplete, and no thickened 

c e l l s i n the t h i r d layer. We have found t h i s also untrue. There 

are i n t h i s variety 1-2 fib]?ou3 layers below the two-layered 

endodermis. I n short, we do not consider the anatonQr of the 

rhizome as being of much importance i n the taxonomy of Maianthemum. 
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Chapter two 

hybridization eyperiments i n Maianthemum 
I t was thougjit of interest to see i f the three species of Maianthemum 

could hybridize vihen brought together under greenhouse conditions. We have 
also thought i t necessary to do some experiments on self and cross-
compatibility. Clapham, !Putin and Warburg ( l 9 6 2 ) report that the species 
may be s e l f - f e r t i l i z e d . Knuth ( l 9 0 9 ) reports that self-pollination i s 
possible should insect-visits f a i l . 

Several factors have operated to restrict our hybridization 
programme. I t has already been mentioned that some of the flowers have 
been used for cytological work. Another d i f f i c u l t y is that i n a l l three 
species of Maianthemum there i s a tendency to flower only i n alternate 
years. This has the disadvantage of preventing the repetition of a 
particular cross. Butters i^^2%) reported that M.bifolium and 
M.canadense appear to flower every other year, whereas dilatatum flowers 
continuously over several years. We have noticed that a l l three 
species tend to flower i n alternating seasons, though even this tendency 
i s not consistent (Table 1 0 ) . Visits to a bifolium population at 
Scarborough i n the summers of 1965 and 1966 suggest that the plant i s 
flowering ev^?y year, but no f r u i t s have been seen. Lousley (1950) 

says that the Scarborough population " i n some years produced only very 
small niimbers of flowers". This confirms our observation that flowering 
i s not consistent. 
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Table 1 0 

Flowering habit i n Ifaianthemum 

Species and code 1 9 6 4 - 6 5 1 9 6 5 - 6 6 1 9 6 6 - 6 7 1 9 6 7 - 6 8 

Mtcanadense 

( M 1 , 1 ) 

( M 4 , l ) 3 x 
( M 6 , I ) 2 X 

Fertile 
Fertile 

Sterile 
Sterile 

? 
Sterile 
Fertile 
Fertile 

Sterile 
Sterile 
Fertile 

Mtcanadense var.interius 
( M V 6 , I ) 4 X ? Fertile Sterile Fertile 

M.bifolium 

( N 2 , 1 ) 
( N 2 , 2 ) 
( N 2 , 3 ) 
(1T3,1) 
( N 4 , I ) 
( N 5 , 1 ) 
( N 5 , 4 ) 

Sterile 
Fertile 
Fertile 
Sterile 
Sterile 
Sterile 

? 
? 

Sterile 
Sterile 
Sterile 
Fertile 
Fertile 
Fertile 
Sterile 
Sterile 

Fertile 
Fertile 
Fertile 
Sterile 
Fertile 
Fertile 
Fertile 
Fertile 

Fertile 
Stetile 
Fertile 
Fertile 
Sterile 
Sterile 
Fertile 
Sterile 

Ldilatatum 

Fertile Sterile Sterile Sterile 

The sign "?" indicates that the 
plant was not available to us i n 
the season concerned and l i t t l e 
i s known about i t . 
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Absence of f r u i t s raises the question of conipatibility. I t i s true 

that some species of birds eat the Maianthemum berries, e.g. Pica rustica 
(the Magpie) - reported by Sidley ( l 9 3 0 ) ; and the absence of fr u i t s can 
be explained on this basis; but several plants were seen with the whole 
infloreaoence, s t i l l attached to the plant, completely dry. Knuth ( l 909) 

reported that small f l i e s were observed on Maiitnthemum, and therefore the 
lack of f r u i t i s not due to lack of suitable pollinators. We therefore 
thou^t i t necessary to do some experiments on self-compatibility i n 
M.bifolium. The programme was as follows i 

(a) The article inflorescense i s l e f t intact. 
(b) The whole inflorescense i s shaken to f a c i l i t a t e pollination. 

(c) Several flowers are selfed repeatedly, each time using the 
same pollen parent, i n most cases the same flower. 

(d) Several flowers from one strain are pollinated from another 

strain. 

The results are shown i n Table 1 1 . 

I t w i l l be seen that repeated self-pollination sometimes leads to 
development of f r u i t s , but these are apparently subnormal i n size and 
are empty. The cross (d) between different plants was much more 
successful and set normal seeds. 
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Table 11 

Self-compattbility i n M.bifolium 

Strain 
code 

Ref.for 
method 
used 

No. of 
f l s . 
p o l l . 

No. of 
f l s . 
f a i l 
ing 

No. of 
f l s . 
success
f u l 

Size of 
berry 

No. of 
seeds 
b i r i ^ 

Size of 
seed 
mm. 

N5, 1 a 20 20 0 - - -
N5, 1 b 7 7 0 -
N4, 1 b 12 12 0 - - mm 

•N4, 1 a 12 12 0 - - mm 

. N5, 1 c 9 9 0 - - -
N5, 4 c 13 10 13 3 X 2mm Empty -
H4, 1 d 8 3 5 a. 7x6iimi 

b. 8x6mm 

c. 5x5mm 
d. 5x5mm 
e. 6x5mm 

2 

2 

1 
1 
2 

3.5x3.0 
3.0x3.0 
3.0x3.0 
3.0x3.0 
3.0x3.0 
3.0x3.0 
3.0x3.0 
3.0x3.0 

N1, 1 d 4 2 1 5x5mm 1 3.5x3.0 
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The other factor restricting our hybridization experiments is the 

late flowering-time of dilatatum (L5,l). This plant flowered early i n 
June 1965, whereas a l l the other taxa flower i n May or sometimes as 
early as March, as i n 1967* We have tried to preserve some pollen of 
both bifolium and canadense for purposes of crossing with dilatatum,. but 
the pollen did not keep for long. 

Even i n interspecific crosses involving bifolium and canadense. 
which have a considerable period of overlap i n their flowering season, 
another d i f f i c u l t y arose. The stigmas of both are only receptive, or 
seem to allow pollen dust to stay on them, when they are covered with 
a small, colourless droplet. Wien this disappears, the stigmatic surface, 
and part of the style, become brownish and dry up. 

The method of pollination used is to emasculate the flowers 
shortly before they open. Bnasculated flowers usually receive a 
second dose of pollen ^enever possible. I t takes an ovary s l i ^ t l y 
over two months to reach maturity, after which time i t becomes reddish. 

Bybridization results are shown i n Table 12. 
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Table 12 

Hybridization results i n Maianthemum 

Bate Seed parent 
pollen parent 

No. of polliisi 
flowers 

No. of flowers 
setting seed 

No. of seeds 
germination 

1962 (Prof. Valentine' 
canadense 
bifolium 

s experiments) 

8 6 

1964 65 66 67 

5/9 

1965 (Own) 
bifoliumn 
cauiadense 18 5 0/8 0 / 8 

1965 canadense 
bifolium 15 2 0/4 0/4 

1965 canadense 
bifolium 20 4 0/4 2/4 

1966 bifolium 
canadense 6 2 0/2 

1967 bifolium 
oanadense 8 6 6 seeds not sown) 

1968 interius 
candense 6 6 (berries developing) 

1968 canadense 
interius 4 4 (berries developing) 

1968 bifolium 
interius 8 6 (berries developing) 

A l l the canadense plants, except i n 1967 and 1968, were t r i p l o i d , and 
the only crosses i n which geimnable seeds was obtained were those i n which 
oanadense was the seed parent. The f e r t i l i t y of the t r i p l o i d seed-parent 
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i n relation to i t s meiotic behaviour w i l l be commented on later i n the 
thesis (p.79 ). I t i s enou^ to say here that the chromosome numbers 
of the hybrids produced i n 1963-64 varied from 2n » 41 to 2n - 43. 

The plants are quite vigorous, but have not yet flowered. 
I t i s unfortunate that we were unable to obtain diploid canadense 

u n t i l 1967 ( M 6 , 1 ) . 

Natural hybrids i n Maianthemum 
There i s very l i t t l e information i n the literature about natural 

hybrids. As regards M.dilatatum^ Hulten (1962) suggests that 
^transitional forms shoxild be studied i n the streas ̂ e re the ranges 
overlap, i n eastern Asia and British Columbia. Hybrids between 
this species and M.bifolium have been described, with reservations, 
by Butters ( l 9 2 7 ) from Korea, Manchuria and Japan. Kawano 
( i n coirespondence) reports the occurrence of interconnecting 
forms i n Japan (p. 8 ) • 

In eastern North America, several "puzzling forms" have been 
found by Butters (Butters 1927). These he found to combine the 
characters of M.canadense and M.canadense var. interius. Butters 
considers them as intergrading forms; but they may be hybrids. 
We w i l l refer to these later after the cytology has been dealt with. 
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Chapter three 

Seed germination i n Maianthemum 
The berries and seeds of Maianthemum have been described earlier (p. (8 ) 

and no differences of taxonomic importance have been found. 

For purposes of germination experiments, seeds have been obtained 
through seed exchange and the l i s t of the localities are given i n 
Appendix 2 . 

Seeds have been sown i n loam i n 4 inch pots, and l e f t i n the open 
over winter. The results of germination of seeds sown i n 1964 are shown 
i n Table 13. 

Table 13 
Germination of Maianthemum 
seeds i n 1965^ 66^ and 67. 

A l l seeds sown i n 1964-. 

Localities referred to by numbers. 

Taxon 
Locali-ty 

reference No. of seeds sown 
No. germinating i n 

1965 1966 1967 Percentage 

M. bifolium ( 1 ) 40 6 0 2 20 

(2 ) 20 2 0 2 20 

( 3 ) 30 3 0 3 20 

( 4 ) 40 0 0 10 27 

(5 ) 60 12 0 5 28 
( 6 ) 60 21 0 0 35 

(7) 60 6 0 6 20 

(8 ) 60 6 0 0 20 

The average germination i s 17 per cent. 
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More seeds were sown i n the svimmer of 1965; the resixlts of germination 
are shown below i n Table 14. 

Table 14 

Germination of Maianthemum seeds sown i n 1965. 

Taxon 

M. bifolium 

Locality 
Reference 

(11) 

(12) 
(13) 

(14) 
(15) 

(16) 

(17) 
(18) 

No.of seeds sown 

10 

70 

34 

15 
22 

30 

45 

40 

No. germinating i n 
1966 

0 

0 

0 

0 

0 

0 

3 

0 

1967 I Percentage 

0 

5 

3 

0 

2 

0 

0 

0 

0 

7 

9 

0 

9 
0 

7 
0 

Adams (l927) says that "germination of some species of seeds i s 

greatly accelerated by exposure for a time to low temperature". His 

experiments on the germination of seeds of Actaea. Aralia racemosa^ 

various Liliaceous plants including Convallaria, Maianthemum^ _Smlacina, 

two species of Ribes, etc., show that exposure to winter conditions i s 

necessary. His results on M.canadense are shown below i n Table 15« 

Table 15 

Adams' results on the geimnation of M.canadense seeds. 

Environment No. of seeds sown No. germinating 
Ist.year , 2nd.year 

(a) Sown i n so i l out of 
doors. I 100 

(b) Sown i n s o i l i n green
house indoors. 100 

(c) Kept i n packets outdoors for 
. - f i r s t , winter then sown i n 

s o i l . 100 
(d) Kept i n packets i n heated 

room for f i r s t winter then 
sown i n s o i l I 100 

60 

28 
18 

0 

8 
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Our results are probably most closely comparable to (b) i n that 
the winter temperatxjres i n Durham would not be so cold as i n North 
America. In the f i r s t experiment (Table 13) the average germination i n 
the f i r s t year was 17 per cent, which is of the same order as Adams* 
(b) figure, and there was no germination i n the second season. In the 
second experiment (Table 14), very low germinations were recorded i n 
the f i r s t season. 

Some experiments were done on the dormancy of seeds of M.bifolium. 
A l l the seeds received cold treatment, but some were soaked in a solution 
of Gibbeidlic acid (1OOO ppm); the testa of others was opened with a 
scalpel. A l l the seeds, irrespective of the treatment given, showed 
11-14 pê ^ cent germination, the period being twelve weeks. This result 
i s similar to that obtained i n seeds sown i n soil and exposed to the 
cold over winter (Table 13); the reason for the low percentage 
germination remains obsciire, thou^ i t i s possible that very low winter 
teniperatures would have an effect. This i s indeed suggested by the 
results of Adams' (Table 15) ^diere he obtained 60 per cent germination 
for seeds sown out of doors i n the North American winter. 
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Chapter Four 

Cytology of Maianthemum 

1. Review of the literature and current chromosome countsi 

The literature on the cytology of Maianthemum i s d i f f i c u l t to 
harmonise into one pool of information, for purposes of comparison 
and criticism. There are several d i f f i c u l t i e s , the f i r s t of which 
i s the tendency of most authors to quote other reports uncritically. 
The second i s concerned with naming of the species examined; this 
i s very annoying as the plant named i s sometimes given a geographical 
origin outside i t s normal range, and not even a brief description of 
the plant i s given. Moreover, i t i s not enou^ to adopt the label 
names of imported seeds; the origin of the seeds should always be 
stated, whatever the nattaee of the work. This leads us to the third 
d i f f i c u l t y which i s the nat\u'e of the investigation. Some workers 
tend to produce an extensive piece of work on a few species, others 
deal with a whole tribe, genus or family. Thus the details of the 
information vary i n depth and value. 

In the following pages we shall discuss i n detail the cytological 
reports on Maianthemum. To start with, a l l the reports on M.bifolivim 
are l i s t e d i n Table l 6 . 
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Table l6 

Chromosome coiints on M.bifolium 

L o c a l i t y Coxmtry 2n n Author 

- - 14 Lawson 1913 

Uppsala 
Uppland 
Flottsund Sweden - 15-18 Stenar 1935 

- Japan 54 Sato 1942 
- Denmark 42* V V 

Love and Love 1942 
- 36 Love and Love 1954b 

Hels i n k i Finland 36 18 Therman 1956 

Mustila Finland 36 18 Therman 1956 

Gander Newfovindland 36 Therman 1956 

P i i k i o Finland 36 18 Therman 1956 

Lepaa Finland 36 18 Therman 1956 

Hombeak Denmark 36 18 Therman 1956 

Far East 36 Sokolovskaya and 
Strelkova 196O 

Sakhalin 36 Sokolovskaya 196O 

Vladivostock TT.S.S.H. 36 
64-70 Sokolovskaya 1961 

Yamanashi 
(four different 
l o c a l i t i e s ) 

Japan 36 Kawano et a l 1967 

Oze, Gunna Japan 36 Kawano et a l 1967 

Ibaraki Japan 36 Kawano et a l 1967 

Tochigi Japan 36 Kawano et a l 1967 

Nagano | Japan 36 'Kawano et a l 1967 

*N.B. Love (personal communication) confirms to us that a count 
of 2n = 42 for M.bifolium i s inaccurate and therefore no 
longer v a l i d . 
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Lawson (1913) has been quoted by severeil authors as the reference 

for the haploid.count of n = 14 given to M.bifolium. In some cases 
(Matsuura and Suto 1935) "the same count is given to M.dilatatum. also 
under the same author. We have looked into the paper of Lawson, 
and failed to fi n d any reference to Maianthemum. Lawson's work is 
based on Smilacina without even specifying the species. 

Stenar (1935) iias been also quoted by many authors and in each 
case the somatic number for bifolium covers a wide range 
i.e. 2n = 30, 36, 38 and 42. The counts of 2n = 38 and 2n = 42 

do not exist i n the original paper of Stenar. The other counts are 
a possible misunderstanding of the findings of Stenar. Stenar does 
not state how many plants she examined, but she records counts of 
n = 15 and n = 17 i n egg mother-cells and n = 18 i n a pollen mother-
c e l l . She also notes stickiness of the chromosomes and says that 
she cannot be sure of the exact count. I t seems li k e l y that some 
chromosomes were missed i n the count of n = 15 and that a 
quadrivalent was mistaken for a bivalent i n the count of n = 17. 

Sato (1942) has produced an excellent piece of work on the 
cytology of Liliaceae and all i e d families. The material used by 
him i s obtained from pot plants raised from imported seeds. For 
the species named, Sato states that the label names on the bags 
imported were adopted i n most cases. This, though imavoidable, 
sometimes leads to error as the seeds of Maianthemum are very similar 
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(p . l 9 ) . The technique used by Sato, i.e. paraffin-wax, can lead, 
on sectioning, to loss of parts of the chromosomes, or to the 
reconstruction of several chromosomes from bits and parts of a single 
chromosome. The karyotype formulae given by him to M.bifolium 
(i n fact to a l l species of Maianthemum studied by him) is as follows: 

2n = 54 (4b - 2) = 4^ + 4s + 46 s 

Of the 25 small pairs, two are satellited, and there are four 
chromosomes classified as large. Sato thinks that this material i s 
a secondary polyploid, having 14 as a base (4b - 2); thus he 
suggests the existence of two base numbers for Maianthemum i.e. 
14 and 16. The former of these has already been discussed above, 
and the l a t t e r w i l l be discussed later for i t was originally given 
to M.dilatatum by Matsuura and Sato (1935)» 

.Therman (1956) gives a more detailed study on the tribe 
Polygonatae. Her findings for M.bifolium confirm the occurrence 
of two satellited chromosomes. Most of the counts given are i n 
agreement with ouijs; but the origin of the botanic garden material 
is unknown. The other interesting, or rather annoying, plant i s 
the material said to be collected from i t s natural habitat in 
Gander, Newfoundland, Canada. I t i s generally considered that the 
geographical range of M.bifolium does not reach that part of Canada, 
and that the species is mainly Eurasiatic (though Ohwe 1965.' gives 
the range of bifolium as extending to N. Americ^ Therman does not 
give any description for the material and, therefore, we think of the 
identification as unreliable. 
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Sokolovskaya ( l96l) gives an interesting count for M.bifolium. 

The material was collected from the neighbourhood of Vladivostock. 
Typical plants were found to have 2n = 36, but plants having 
s l i ^ t l y larger dimentions i n a l l parts were found to have 2n o 64 - 70. 

The exact number of the metaphase chromosomes is stated to be 
di f f i c x i l t to establish. In our opinion, the number could reach 72, 

or at least very possibly. We have found a parallel situation i n 
America with M.canadense and i t s variety interius and this w i l l be 
described below. 

Kawano et a l . (1967) woidcing on Japanese material produced very 
interesting results that match, to a great extent oufc own. We w i l l 
discuss these later when we describe our own findings. 

Our own somatic counts, based on root-tips, are given i n 

Table 17. 
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Table 17 

Own somatic counts on M.bifolium 

Origin No. of cells of Distribution of counts Origin root-tip counted 35 36 37 

S. Germany 
(single plant) 13 3 9 1 

Switzerland 
(single plant) 12 1 11 

Czechoslovakia. 
(single plant) 10 0 10 0 

Denmark 
(single plant) 5 1 4 0 

England 
(single plant) 4 0 4 0 

Poland 
(single plant) 4 0 4 0 

In view of these results, the counts for the far East material 
identified as M.bifolium of 2n = 54 (Sato, 1942) and 6 4 - 7 0 

(Sokolovskaya 1961) may represent t r i p l o i d and tetraploid chromosome 
races of M.bifolium. analogous to those of M.canadense. I t would 
be of interest to examine their meiosis. 

The literature on chromosome counts on M. dilatatum are given 

i n Table 18. 
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Countg on M.dllatatum 
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Locality- Country- 2n n Author 

Sapporo, Prov.Isikari Japan 16 Matsuura and 
Sato 1935 

Japan 54 Sato 1942 
Japan 54 (•var.nipponicum) 

Sato 1942 
Botanic Getrden 
Gothenburg 36 18 Therman 1956 

Eamtchatcha 36 Sokolovskaya 1961 - n 54(f»vegetior) 

Yamanashi (5 d i f f e r e n t 
Sokolovskaya 1961 

Yamanashi (5 d i f f e r e n t 
l o c a l i t i e s ) Japan 36 Kawano et a l . 1967 

Tochigi (4 d i f f e r e n t 
l o c a l i t i e s ) Japan 36 Kawano et a l . 1967 

Miyagl Japan 36 do 
Nagano Japan 36 do 
Saitama Japan 36 do 
Iworte Japan 36 do 
Aomori (2 d i f f e r e n t 
l o c a l i t i e s ) Japan 36 do 

Nara Japan 36 do 
Kamanoto Japan 36 do 
Kagoshima Japan 36 do 
Hokkaido (5 d i f f e r e n t 
l o c a l i t i e s ) Japan 36 do 

I s l . TJllung Korea 36 Lee (as i n 
Eawano et a l . 
1967 
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Matsuura and Suto (1935) gi'^e a haploid number of n = 16 and the 

following description of the karyotype as seen i n the meiotic metaphase: 
"of the 16 bivalents, four are d i s t i n c t l y larger than the rest": and 
they note that the same comt has been given to the same species by 
Lawson (1913)» We have already discussed the count of Lawson; our 
concern now i s the v a l i d i t y of the count of n = I 6 . This count has 
not been confirmed by any other worker. I n t h e i r introduction to the 
paper, the authors say that they fear that i n e a r l i e r works 
uncertainty often prevails as to the number of chromosomes, causing 
much confusion and rendering the matter very obscure. I t nay well be 
the case that there i s an error of miscounting i n a count of n = 16. 

As t o the material used, i d e n t i f i c a t i o n was done i n the University of 
Hokkaido, and there seems no doubt as to i t s correctness. The only 
possible source of error i s the sectioning technique used, which we 
have c r i t i c i s e d above (p.32 )• 

Sato. (1942) gives f o r the species, counts similar to those 

reported by Sokolovskaya f o r her forma vegetior. But he does not 

describe his material and i t cannot be compared with that of Sokolovskaya. 

Sokolovskaya (1961) gives not only the counts but also the o r i g i n , 

and description of her plants. There i s no doubt about the accuracy 

of the re s u l t s , which we accept. Sokolovskaya, however, i s of the 

opinion that the hexaploid form i s an auto-polyploid a r i s i n g as a 

result of fusion of reduced and an unreduced gametes. She describes 

t h i s polyploid as being d i f f e r e n t from the species i n having a 
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" t a l l e r stem (20 - 40 cm), by the dimensionc, of the leaves, which 
impress by t h e i r vigour and a t t a i n a length of 6 - 15 cm and a width 
of 4 - 12 cm. with a wider cordate base to the leaf lamina, with 
semicircular lobes, and also by the dimensions of the flowers, the 
perianth of which reaches a length of 4 n™*" The forma i s certainly 
very close t o the species and very different from M.bifoliiun. For 
t h i s reason Sokolovskaya rules out the p o s s i b i l i t y of i t being a result 
of hybridization between the two species, which meet i n that part 
of the geographical range. Alternatively, we can think of the 
hexaploid form as being the result of hybridization between two 
chromosome races of the same species, one \7ith 2n = 36 the other 
with 2n = 72. We are thus assuming the p o s s i b i l i t y of the 
existence of the higher polyploid (2n = 72) somewhere i n the Fax East. 

Kawano et a l . (1967) observe that despite the extraordinary 

polymorphism of the species, i t s karyotype i s identical to that of 

bifolium also examined by them (p. 5 5 ) 

Our own count on material from California i s 2n = 36. 

Counts on M.canadense are given i n Table 19. 
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Table 19 

Chromosome counts on M» canadense 

j L o c a l i t y Country 2n n Author 

Canada 36 Love 1954 

1 Maskwa Rapids, 
j Manitoba Canada 36 Love and Love 

1954 

1 Bot. Garden, 
Gothenburg 36 18 Therman 1956 

Alpine Garden Canada 36 Love and Love 
1958 

Between 
Clarenceville and 
Venice, Quebec Canada 36 HedljKZgj 1959 

Trout Lake Point, 
Vilas Co., 
Wisconsin n. S. A. 36 l i t i s and 

Kawano 1965 

L?ve (1954) introduces his paper by saying that the chromosome 

numbers l i s t e d are either o r i g i n a l counts or confirmation of those 

l i s t e d i n various chromosome manuals. No details are given. The 

material of Therman (1956) came from a botanical garden, and i t s 

exact o r i g i n i s also unknown. The other counts l i s t e d above, 

Hedberg ( l959) and Love and Love (1954) and l i t i s and Kawano (1965) 

are properly localized and agree i n giving 2n = 36. The Manitoba 

plant was i d e n t i f i e d as var. i n t e r i u s Pemald. 
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Our own counts of M. canadense and i t s variety i n t e r i u s are 
given i n Table 20. 

Table 20 

Own counts of M. canadense and i t s v a r i e t y i n t e r i u s . 

For details of l o c a l i t i e s see Appendix 3 

Locality Code Taxon No. of cells 
counted 2n n 

Near B i l l , Qtiebec, 
Canada. (M6, 1) canadense 10 18 

Nova Scotia (M4, 1) canadense 11 54 

Near Montreal, 
Canada canadense 5 54 

Minnesota, U.S.A. (Mv4, 1) int e r i u s 5 72 

Alberta, Canada. (Mv6, 1) inter i u s 15 36 

I t would appear from these results that there aire three 

chromosome races here, with 2n = 36, 54 and 72. I t i s interesting 

t o note that the 54-chromosome race i s f e r t i l e , and that i t s hybrid 

with M.bifolium has numbers of 2n = 41-43 (:Fig.l7-l). The f e r t i l i t y 

and other characters of these races w i l l be discussed below aft e r the 

chromosome morphology and meiosis have been considered. 
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CHAPTER FIVE 

The determination of the karyotypes 

Healthy r o o t - t i p s have been collected from a l l three species of 

Malanthemum i n the spring and early summer of 1965, 66 and 67. Root 

t i p s are pre-treated I n cold water (5 degrees) i n a cold room for a 

period of at least 24 hours; then fixed I n acetic alcohol i n the 

r a t i o o f 1 t 3. This pre-treatment method has been used by 

Dr« M.J. Harvey and Professor Valentine for Viola^ hence i t s use f o r 

Malanthemum. Eollowlng f i x a t i o n , storage, I f required, i s i n 70 per 

cent aloohol. An ^cetlc-orcein squash technique I s employed and the 

best r e s u l t s are obtained by applying the following procedure! 

One r o o t - t i p at a time i s placed on a clean slide containing 

a small drop of the s t a i n . With the aid of a flattened needle and 

the dissection microscope, the very t i p i s removed and the unwanted 

tissue thrown away. The growing meristematic part of the r o o t - t i p can 

be seen even with the naked eye, being t r t i i t i s h i n colotir ( r o o t - t i p s 

stored f o r very long periods turn brownish and are useless). The 

r o o t - t i p i s then placed i n the centre of the drop and gently pressed. 

The s o f t tissue can be seen oozing out. At t h i s stage the extra 

tissue i s removed and placed on another slide (B) and squashed hard. 

I n most cases good metaphase plates are most frequent i n slide ( A ) . 

I t sometimes seems necessary to tap the slide to overcome overlapping 

of chromosomes, and I n t h i s case pressure must be applied evenly. 

Slides are made permanent using the dry ice technique. At th i s 

stage the slide can be examined under the low and h i ^ powers, but 

not under o i l , as the Euparol i s s t i l l wet. 
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Data on the karyotype have been obtained from several plants 

of M.bifolium. canadense, dilatatum. and var. i n t e r i u s . Unfortunately 

the sometic chromosomes of the d i p l o i d canadense have not been studied 

as i t was only discovered amongst recent strains received from 

Canada, but i t has been possible to look at i t s meiosis. 

• Method of determining the karyotype: 

1, Chromosome length 

The chromosomes of the somatic complements of each species have 

been measured. Metaphases are used, but i t i s d i f f i c u l t , even where 

the roots have been pre-treated, f i x e d and squashed i n a standard 

way, to be sure that cells from different roots are comparable as 

regards chromosome length. For t h i s reason, we have adopted the 

following procedure. 

The chromosomes are photographed, cut out and arranged i n pairs 

on the basis of length and morphology (Figs. 9 - 15) • The two arms 

of each chromosome are then measured separately; and f o r each pair 

of chromosomes, means for, t o t a l length and arm length are obtained. 

The length of the largest i s taken as unity, and of the remainder as 

a f r a c t i o n of the largest. This f r a c t i o n i s the index of length. 

For t r i p l o i d and t e t r a p l o i d material, the chromosomes are 

grouped i n threes and fours. 

2. Position of the centromere. 

Chromosomes are also characterised by the centromeres and other 

features such as secondary constrictions and s a t e l l i t e s . The r a t i o 
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between the short and the long arm i s calculated to give an index 

of symmetry. The median chrcaEOSomes w i l l give an index of 1.0, 

those that are submedian w i l l be i n the range O.5 - O.9, and those 

that are terminal or sub-terminal w i l l f a l l below O.45. 

The karyotypes are analysed i n three d i f f e r e n t ways. The f i r s t 

i s the visual way, i n which pictures of the chromosomes are shown, 

aarcanged i n pairs, t r i o s , or quartets of d i p l o i d , t r i p l o i d or 

t e t r a p l o i d plants respectively (Figs. 9 - 15) • 'Kie second i s the 

graphical way; here, along the abscissa, i s plotted numbeisof 

chromosome pairs (or t r i o s or quartets), from 1 to 18; and along the 

ordinate the indices of length and symmetry. Length i s shown as 

a continuous curve, from the largest to the smallest, and symmetry 

by a series of lines (Plgs. 17 and 18). The t h i r d way i s by idiograms 

where, as i n the graphs, the means of length and symmetry of every 

Individual p a i r , t r i o or quartet i s calculated and a drawing of the 

chromosome i s then made. The s a t e l l i t e d chromosome i s shown by 

an open square replacing the short arm (Fig. 16) . 

I n the following pages we are going t o describe the somatic 

complement of each of the taxa i n question, beginning with M.bifolium. 
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Somatic complement of M.bifolium 

Material collected from Soarborou^, England, has been analysed 

cy t o l o g i c a l l y . The details are shown i n Pigs. 9, l6a - 1, and 1 8 - 1 . 

I t i s clear from a l l three figures that there are seven large-

medivun pairs with a length index i n the range of O.65 - 1.0. Pair 

one i s usually the largest and i s metacentric. Of the remaining 

six pairs three are sub-median and the rest are sub-terminal. 

The small chromosomes a l l have a length index ranging from 

0. 33 to 0 .55« Eleven pairs are involved, of which one (pair 10) 

i s s a t e l l i t e d . I n t h i s group of small chromosomes, two pairs are 

mediocentrio, f i v e are sub-median and four sub-terminal. 

The absolute length of the chromosomes i n t h i s material i s 

4»14»4 microns. 

Specimens from Poland are similar i n t h e i r karyotype -to those 

j u s t mentioned. The details of the Polish material are shown i n 

Figs. 9, 16a « 2 and 1 8 - 2 . Here again we f i n d that the large-medium 

pairs are seven i n number, and the small pairs are 11; one of these, 

pai r 10, i s s a t e l l i t e d . The absolute length i s more or less the 

same as i n the English material i . e . 4*4 - 13.2 microns. 

German material i s here studied on two analyses from two plants, 

a and b, the details are shown i n Pigs. 10 and 18 - 3 . I n both cases 

the number of the large-medium pairs i s the aajoB as found above, 

1. e. 7* I t i s also observed that the small pairs are 11 as before. 

The s a t e l l i t e d pair i s present i n a l l material examined. The absolute 
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length i s s l i g h t l y shorter i . e . 3^2 - 11.4 microns, due to the high 

degree of contraction. 

Material from Czechoslovakia (Figs. l6a and 18 - 4) i s identical 

i n i t s karyotype t o those just described; there are the seven large-

medium pa i r s , the 11 small psiirs, and the s a t e l l i t e d pair. The 

range of length i s very much the same i . e . 3.7 - 12 microns. 

Danish material has the same characteristics as above, Figs, l6-a 3 

and 18 - 5 . 
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Somatic complement i n M.canadense var. i n t e r i u s 

The chromosome number of t h i s material i s found t o be 2n = 72. 

The absolute length of the chromosomes i s the same as that seen i n 

M.bifolium i . e . 4 - 1 2 microns. Here the chromosomes have been 

grouped i n t o quartets. The number of large-medium quartets i s 7 

(M.bifolium); the number of the small quartets i s 11, and one of 

these, quartet 10 i s s a t e l l i t e d . These details can be seen i n 

Figs. 12'i: 17-'b, and 19-6. I t i s evident that the only difference 

between t h i s material and M.bifolium l i e s i n the degree of ploidy; 

i n the case of M.bifolium each class consists of two chromosomes, 

whereas i t consists of four i n t h i s American variety of M.canadense. 

I n f a c t i f we compare the figures f o r M.bifolium, where the 

complements of two diff e r e n t strains are represented together, e.g. 

Fig. 10, with those of var. i n t e r i u s . the s t r i k i n g s i m i l a r i t y i s 

evident. The only s l i g h t difference i s seen i n the number of small, 

mediocentric chromosomes; i n the variety we f i n d four classes, 

compared with 2-3 such classes i n M.bifolium. 
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Somatic complement of M.canadense 

The chromosome number of some pi>ant3 of t h i s species i s found 

t o be 2n=54. This count i s based on two di f f e r e n t plants (M1, 1 

and M4, l ) . The detaiils are shown i n Figs. 13, 14, l6b and 17. 

Here the chromosomes have been grouped i n t r i o s . Theire are seven 

large-medium sized t r i o s , and eleven small-sized t r i o s , of which 

one. Number 10, i s s a t e l l i t e d . The absolute length tends to be 

rather small i n Ml, 1. The analysis shows that the species i s 

very similar t o M.bifolium and M.canadense var. interius i n 

possessing the same number of large-medium classes, but more l i k e 

i t s v a r i e t y i n possessing" four small metacentric classes. 

Somatic complement i n M.dilatatum 

The data on the karyotype of t h i s Califomian material are 

shown i n Figs. 15 and 17-2. This material has not been pre-treated. 

Nevertheless, there are seven large-medium pairs and eleven small 

sized pairs of which one, pair 10, i s possibly s a t e l l i t e d . 

The above karyotypes gire summarized i n Table 21. 
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Table 21 

formulae f o r the karyotypes of Maianthemum 

Fig. Uo. Taxon Large Small 2n 

15 dllatatum 
(as pairs) 

bifolium 
(as pairs) 

lMflSm+4St 3Mf5SiiH-4St 36 

16-1 B r i t i s h 1I&HSmf4St 3Mf5Smf4St 36 

16-2 Polish 1MflSm+4St 3Mf5SnH-4St 36 

10 
(German -a 

([German -b 

lMf2Sm+4St 

lM*-lSittf5St 

4J5f4aiH.4St 

4Etf4Smf3St 

36 

36 

l6 - 4 Czechoslovakia lMflSiiH-4St 41if3Sm+5St 36 

16-3 Denmark 1MflSmf3St 4M:+5SiiH-4St 36 

16-6 

canadense 
(as t r i o s ) 

M4,1 lMflSm+4St 41^3SiiH-5St 54 

16-7 M1,1-a lM+lSm+4St 4iytf4Sm+4St 54 

16-8 M1,1-b 1MflSmf4St 5Mf3SnH-4St 54 

16-5 
i n t e r i u s 
(as quartets) 

1MflSiiH-4St 4Mf5Smf3St 72 

The general s i m i l a r i t y of the karyotypes of a l l taxa i s evident. 

I n a l l cases s a t e l l i t e d chromosomes are present; two i n the diploids, 

three i n the t r i p l o i d s and four i n the t e t r a p l o i d . 
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I t w i l l be seen from Fig. 15 and Pig. 16 that the idiograms 

f o r a l l taxa, reduced to a basic minimum of 18, based on the means 

of p a i r s , t r i o s and q-uartets, are generally very similar. I t i s 

also evident from Pig. 17 and Pig. 18 that the size range i n clones 

of a l l species i s more or less of similar d i s t r i b u t i o n . As regards 

symmetry, there i s a s l i g h t lyariation i n the complements of strains 

of the same species, possibly with i n the individual range of variation. 

From the data presented above, i t i s clear that we have not 

been able to establish any significant difference between the 

karyotypes of d i f f e r e n t strains of M.bifolium and between the 

d i f f e r e n t species whatever t h e i r level of ploidy. I t must be 

admitted that the number of plants examined i s small, and that i t 

i s d i f f i c u l t t o obtain very precise measurements. I t i s indeed 

possible that there are structural differences between the 

chromosomes of the various races and species; but i f these e x i s t , 

they are probably f a i r l y small. 



Note on Pigs. 9 to 15 

The somatic chromosomes are arranged i n pairs, 

t r i o s , or quartets and numbered 1 to 18 i n 

order of length as explained i n the t e x t . 

Pig. 9 Somatic complements of two d i f f e r e n t .Ci-^riEfin 

strains of M.bifolium (2n = 36) from 

Scarborough and Poland arranged as pairs. 

Pig.10 Somatic complements of two d i f f e r e n t German 

strains of M.bifolium (2n = 36) 

arranged as pairs. 

Pig.11 Somatic complement of a single s t r a i n 

of M.canadense -var. i n t e r i u s (2n = 72) 

arranged as quartets. 

Pigs. 12, Somatic complement of s t r a i n of 

13 and 14 M.canadense (2n «= 54) arranged as t r i o s . 

Pig.15 Somatic complement of M.dilatatum 

(2n » 36) arranged as pairs. I n the 

figu r e the corresponding idiogram i s 

also shown. 
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Fig« 15 : Somatic chrotnogoraes and 

corresponding idiogram in M.dilatatum. 

This material has not been pre treated.. 

• ^ 



Fig# l6t Idiograms of Maianthemum« "based on the 

means of chromosome pa i r s , t r i o s or 

quairbets. 

l6-a» Idiograms f o r M.Tjifolivim 2n = 36 from 

England, Poland, Denmark, and 

CzechoslovaJcia. 

16-13; Idiograms f o r M»canadense va r . i n t e r i u s 

(Minnesota) 2n = 72,MVcanadense (M4.fl) 

Nova Scotia 2n = 54> snd M«canadense 

(M, 1,1) Quebec 2n = 54* Open square 

represents s a t e l l i t e d chromosome. 

The chromosomes are arranged i n order of lengths 
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l i i i S i i i i S " " " " " 
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r i g . 16-af Tdiograms for the somatic kar^otne of 
B r i t i s h (1) ,Polish (2),D«inish C3) and Cr€ch(4) 
material of K.btfoliuff.(2^=^36) 

8 

• • • • • • • - - c . 

i i n ^ ' i i i i i " 

l l l l l l l l l > l 
l a . o . 

C J 

F i t f I d i o g r a m s for the somatic karyome of 
American. Tnaterialj(5) v^r.interit;^ (2n=72),(6) 
caA-ade-nsg ,Nova. Scotia C2*n=5^),and C7 8̂  8) canadenae 
Quebec, (2)1 =54-) , ^ _ 



Pig . 17 Graphic representation of the karyotypes 

i n Maianthemum. 

17-1 For the hybr id canadense (2n = 54) x b i f o l i u m 

(2n = 36). 

17-2 For M.dilatatum (2n = 36). 

17-3 For M. canadense (2n = 54 - Qjaebec). 

17-4 For 1. canadense (2n = 54 - Quebec). 

17-4 For M.canadense (2n = 54 - Nova Scot ia ) . 

The chromosomes of the d ip lo ids are t reated i n 

pairs and those of the t r i p l o i d as t r i o s . 

Continuous l i n e indicates r e l a t i ve l eng th . 

V e r t i c a l l ines indicate symmetry. 
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F i g . 18 Graphic representation of the 

karyotypes of Maianthemum. 

18-1 For M.bifol ivun. Scarborough, England. 

18-2 For M.b i fo l ium, Poland. 

18-3 For M.b i fo l ium, S. Geimany. 

18-4 For M.b i fo l i um, Czechoslovakia. 

18-5 For M.b i fo l i um, Denmark. 

18-6 For M.canadense var . i n t e r i u s (Minnesota) 

(2n-72). 

Legend as f o r F i g . 17* 
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DiBOussioti of oytological resTilts 

1. Somatic Karyomes 

The only other karyotype studies on Maianthemum are those of 
Matsuura and Suto (l935) on M.dilatatum Sato (l942) on M.bifolium 
and M«dilatatum,, and very recently Kawano et a l . (196?) on a l l 
species of Maianthemum* 

MEitsuura and Suto give the haploid number for dilatatum as 
n = 16 with the following comment "of the l6 bivalents, four are 
distinc t l y larger than the rest." This i s not enough for us to 
make any competrison with other reports. We have already discussed 
this paper (p. 4 2 ) and since we have not been able to examine 
meiosis i n dilatatum^ we can not even confirm this description. 

Sato (1942) gives the counts of 2n = 54 for a l l species of 
Maianthemum he worked on. Our results would lead us to expect 
seven tr i o s of larger euid eleven trios of small chromosomes, with 
one t r i o of satellited chromosomes. What Sato records for both 
species, i s one quartet of large chromosomes amd 50 small 
chromosomes, of which one quartet was satellited. We cannot at 
the present explain this difference; examination of more Japanese 
material both taxonomically eind cytologically, i s much to be 
desired. This fortunately, i s done by Zawano et a l . (1967). Their 
findings on the material examined and the detailed analyses of the 
chromosome complement of the species of Maianthemum "demonstrated 
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that a l l three possess an identical or at least basically very 
similax somatic karyome." Qa comparing their results with ours 
we find that the agreement is substantial indeed. 

Their work is of great value as i t covers a good deal of 
Japanese material not available to us, and thus a better 
understanding of the various taxa i s possible. 

We have, however, found i t necessary to look into their data, 
and sometimes to analyse i t i n the manner we did ours i n order to 
establish a basis for comparison. 

The following points are obtained and/or calculated: 

1. Ploidy level. 
2. Absolute chromosome length. 
3. Number and sisse of satellited chromosomes. 
4. Ratio of tot a l length of short arms to total 

length of long axms in the complement, i.e. symmetry. 

5. Variatioa i n chromosome length. 
6. Karyotype formulae. 
7. Geographical sirea. 
Of these, 1, 2, 3, 6 and 7 axe given i n the original paper; 

whereas 4 and 5 have been calculated. Ploidy level, and geographical 
area are mentioned where relevant. 
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Absolute ehromosome length* 

This i s given i n the following table (Table 22) 

Table 22 
Absolute chromosome length i n Maianthemum 

Measurements in microns 

Author bifolium canadense dilatatum 

Own 
Kawano 

4.0 - 12.0 

2.1 - 8.0 

4.0 - 12.0 

3.6 - 12.0 

4.0 - 11.0 

2.0 - 9.0 

The observed difference between our results and those of 
Kawano with regard to bifolivun is apparently, significant; but we 
think of i t as originating from differences i n cytological technique 
aiid other technical factors such as pre-treatment and degree of 
contraction of the metaphase chromosomes at the time of fixation. 
The species, i n our opinion, are very similar. 

Number and size of the nucleolus chromosomes are given i n 

Table 23. 
Table 23 

Number and size of Satellited chromosomes 

bifolium canadense dilatatum 

Own 
Number 
size 

Kawano 
Number 
size 

2 
6.6 
2 
4.1 

3;;&4 
5.3 
2 
5.3 

2 
4.2 

2 
3.7 
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The difference in the chromosome size i n bifolium i n the two 

samples i s possibly a result of treatment and of degree of contraction 
prior to fixation as explained above. The difference i n number for 
M.canadense is due to the fact that i n our material we have 
established a count of 2n «» 54 (triploid) and a count of 2n = 72 
(tetraploid), hence the corresponding increase i n the number of 
satellited chromosomes. Kawano and associates have not reported 
any chromosome races i n a l l the species, possibly because of the 
limitation of their samples, as i t is apparent that their American 
clones have been collected from a single locality, i.e. Trout Lake 
Point, Vilas County, Wisconsin. Our material covers four 
different localities as shown i n Appendix 3 and therefore 
possibly different i n origin. 

Symmetry 
The ratio of the tot a l length of short arms to that of long 

arms i s given in Table 24. 
Table 24 

Ratio of short arms to Icaag arms 
i n the somatic complement of the various taxa 

bifolium canadense dilatatum 

Own 0.56 0.58 0.60 

Kawano 0.57 0.56 0.52 
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The difference in symmetry i n dilatatum complements from two 

different parts of i t s range is interesting. Our material is from 
California, that of Kawano is from Japan. There seems to be a 
reason for this as symmetry is a ratio and is not affected by 
degree of contraction or by technical factors. This however needs 
to be carefully investigated i n larger samples and for the time 
not much wel^t should be la i d on i t pending further analysis. 

Variation i n chromosome length 

We have established i n our material seven large and eleven 

small pairs of chromosomes and we have looked into the table i n 

the original paper of Kawano to see how far the individvial 

chromosomes (as pairs) vary amongst themselves. The assembled 

date are given in Table 25. 

Table 25 

Variation i n chromosome length. 

Length expressed as an index whereby 

the largest pair is taken as unity, and 

the others as a fraction to the largest. 

bifolium canadense dilatatum 

Own 
Large . 7(0.65-1.0) 7(0.64-1.0) 7(0.62-1.0) 
Small 11(0.34-0.54) 11(0.35-0.55) 11(0.23-0.55) 

Kawano 
Large 
Small 

7CO.66-I.O) 
11(0.26-0.51) 

7(0.55-1.0) 
11(0.3-0.51) 

7(0.6-1.0) 
11(0.23-0.5) 
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Thus i t i s evident that there is no marked difference and that 

the data of Kawano and co-workers are completely in line with ours. 
Karyotype formulae 

We have discussed i n a great detail the karyotypes of the 

various taxa and their chromosome races and have come to the 

conclusion that they do not provide us with any information of 

taxonomic importance in distinguishing the species, (p.54 ). The 

various formulae are given i n Table 21, and are here summarised 

giving only the most typical formulae, ^ere: 
M = metacentric Sm =• Submedian St = Subterminal 
M. bifolium (as pairs) 2n = 36 = (lIltHSnH-4St)+(4Eif4Smf4St) 

• M.canadense (as trios or quartets) 
2n= 54 

. 2n = 72 = (lM+lSm+4St)+(41M-SiiH-4St) 

M.dilatatum (as pairs) 2n = 36 = (lMHS]iH-4St)+(4Mf4SnH-4St) 

Thus the karyotype ( i n any of the figures 9-to-l6) is composed 

of one large metacentric pair (No. 1) and one large submediocentric 

pair (No. 2) and then four pairs of J-shaped chromosomes a l l 

possibly subterndnal. The remaining chromosomes are rather small 
Sub-

i n size and consist of four pairs of metacentric chromosomes, one 
of which (No.10) is satellited, and eight pairs of J-shaped 

chromosomes. 
This is almost identical to the general description of the 

karyotype of Maianthemum as reported by Kawano and co-workers 

(Kawano's figures are reproduced below for easy reference) which 

runs as follows: 
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"A close examination of the karyotype of this species 

(M.bifolium). reveals that of the eighteen pairs i n the chromosome 
complement, two pairs, one large and one medium-sized. (Nos. 1 and 2), 
are meta-centric« eight pairs are J-shaped with the constriction 
submedian or subterminal (Nos. 3-10), one of which (No. 10), is 
nucleolar chromosomes. The remaining eight pairs are contrastingly 
small, of which four pairs (Nos. 13, 14» 15 sni l6) are evidently 
metacentric but the remaining four pairs (Nos. 11, 12, 17 and 18) 
possess submedian or subterminal constriction." 

"The karyotype of this species may roughly be expressed as 

follows: 

K(2n)=36=4V(2v+2v)+l6J+l67(possibly 8j+8v)" 

The underlining is ours. I t serves to point out the following: 

1. That the second pair is not chosen in respect to size 

but to the position of the centromere. This same medium 

sized chromosome with i t s metacentric constriction is 

placed i n the f i f t h position in a l l our figures and i t s 

place is taken by the second largest pair which is 

submediocentric. 

2. That the agreement i s evident in the case of the satellited 

chromosomes both i n number and position in the Icaryotype. 

The data presented by Kawano ( ) regarding chromosome 

length, b r i e f l y dealt with earlier, have been aissembled with ours in 

Table 26. This variation i n chromosome length within the complement 

is expressed as an index whereby the largest chromosome is considered 

as unity of which the shorter ones are expressed as fractions. The 



Si-|)ti'illl)i'i. K.xu .wci, S., (•/ III. 

Fig . 1. Somatic chromosomes of Maianlhemum. A, M. bifolium from Fuji-Aokigahara, 
Yamanashi (2n = 36) ; B, M. bifolium from Fuj i , Motosu, Yamanashi (2n = 36) ; C, M. 
dilatatum from Nikko, Karikomi, Tochigi (2n = 36) ; D. M. canadense from Trout Lake 
Point, Vilas County, Wisconsin. 

I I I I Si i i n i l 
11 i i 14 ( i 1« 

10 11 12 

t t 
13 M 1') K i 1.7 18 

Fig. 2. Somatic ciiromosomes of M. hifolitim (2n = 3f), from Fuji-Aokignlinrn). 
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The cytological preparations were made by using modifications of the oxy-
quinoline-aceto-orcein squash method (Kawano'"'). Voucher specimens are preserved 
in the Herbarium" of the Department of Botany, University of Tokyo (TIj and in the 
Herbarium of the University of Wisconsin, Madison (WIS). 

IS I I 1 8 »f 11 
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13 J 14;. •; • -,,15 16 17 18 

Fig. 3. Somatic chromosomes of M.[dilatatum (2n = 36, from Fuji-Aokigahara). 

2 ' 3 4 5 . 6 

I I l i iA 11 i I 
7 , 8 9 10 I I 12 

i f 11 f t i t l i f « 
13 14 15 16 17 . 18 

.F ig . 4. Somatic chromosomes of M. .canadense (2n=36, from 
Trout Lake Point, Vilas County, Wisconsin). 
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Table 26 

Relative chromosome length in the somatic 

complement of Maianthemum_ _(micrans)_. 

Kawano's material is 
a l l Japanese except M.canadense. 

KAWANO PRESENT RESULTS 

Pair 
No. bifolium canadense dilatatum bifolium canadense interius dilatatum Pair 
No. canadense dilatatum 

1 7.8 12.1 9.1 12.0 9.0 12.0 13.0 
2 5.8 8.5 5.6 10.0 8.0 10.0 10.0 
3 7.2 7.8 6.4 9.0 7.0 8.4 9.4 
4 6.7 7.7 5.4 8.0 6.0 9.0 9.4 
5 6.1 7.2 5.6 7.5 6.0 8.2 9.0 
6 5.8 7.0 5.4 7.5 6.0 9.0 8.5 
7 5.2 6.7 5.4 7.0 6.0 8.0 8.0 
8 3.9 6.2 4.5 6.0 5.5 7.0 7.5 
9 3.9 5.8 3.9 6.0 5.0 6.6 7.0 
10 4.1 5.3 3.8 6.5 4.7 5.4 6.0 

11 3.6 4.0 2.9 4.5 3.5 4.0 6.5 
12 3.3 3.9 3.2 4.0 4.0 4.0 5.0. 
13 2.8 4.0 2.6 4.5 3.5 5.0 5.3 
14 2.8 4.1 2.7 4.0 3.5 4.0 5.5 
15 2.2 3.6 2.6 4.0 3.0 4.0 4.7 
16 2.2 3.2 2.6 4.0 3.0 5.0 4.3. 
17 2.1 3.8 2.5 4.0 3.0 4.0 5.0 
18 2.1 3.6 2.1 4.0 3.0 4.0 4.3 

Kawano'8 results are presented by continuous lines i n Pig. 19; 

ours by dotted lines i n the same figure. 
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graphs are plotted i n the manner described earlier for Maianthemum 
(p.4g ) and are presented i n Pig. 19. 

I t w i l l be seen from the Figure that the pattern of variation 
exhibited by the Japanese material is identical to that of 
European and N. American material. The slight variation is 
attributed, possibly, to other factors such as the degree of 
contraction of the chromosomes and possibly in differences in the 
teclmiques. The major observed difference is the depression of 
the curve for the Japanese material at the point of the second 
chromosome pair. This has already been explained (p.61 )• 
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CHAPTER SIX 

3. Studies of meiosis 

As mentioned earlier, the species of Maianthemum do not always 
flower every year (p. 2 5 ) . This has certainly limited our scope 
as regards the study of meiotio processes. 

Whenever available, flower buds were collected and fixed i n 
1 : 3 acetic alcohol. A simple acetic-orcein or acetic-carmine 
technique was employed, and the slides, following examina.tion, were 
made' permanent by using dry ice and Euparol. 

Meiosis i n M.bifolium 
Meiotic division has been studied i n material originally obtained 

from several parts of the species range i.e. Britain, Geimany, Poland 
and Czechoslovakia. We are now going to describe meiosis i n clones 
from each of these areas. 

(a) British material (code_ N4f.2) 
Metaphase I» most of the cells are foxind to have 18 bivalents, 

and some of these are illustrated i n Fig. 20-1, 20-2, 20-3 and 2O-4. 
In Fig. 21 (top right) a group of four diakinesis cells have had 

their complements arranged i n order of length, with an absolute 
length of 3 to 10 microns. One bivalent is seen closely associated 
with the nucleolus. 

A count of n = 18 is not the sole one observed in this material. 
In some cells there are only 17 apparent bivalents. This could be due 
to the close association observed between some bivalents sis i n Fig. 20-7. 
On further examination, 4uadrivalents were observed and i t is thought 
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that those complements possessing 17 bodies are li k e l y to involve a 
quadrivalent. Pig. 20-5 and 20-6 show some such metaphase one 
cells including a quadrivalent i n each case. 

Metaphase I (side view): An exact analysis of the complements 
at this stage was not possible, but quadrivalents were occasionally 
observed. Some cells at this stage with 1 to 2 quadrivalents are 
shown i n Pig. 21 (bottom l e f t ) . 

Anaphase I : In Pig. 21 (bottom r i ^ t ) 18 daughter chromosomes 
are seen at anaphase one. Anaphasic stages are generally very 
regular. There are, however, some observed abnormalities and these are 
here illus t r a t e d i n Pig. 20-8, where i n this group of PMC's we have an 
inversion bridge and a fragment i n the top c e l l . 

Second division: Second division in this material is mostly 
regular. Some very rare irregularities are shown i n Pigs. 20-9 and 
20-10 where i n the former we have a persistent bridge (possibly 
anaphase I bridge): and i n the la t t e r we have a lagging vinivalent. 
In Pig. 21-1 two lagging and dividing univalents are seen, one of 
these is satellited. The orientation of the chromatids of each suggest 
that this is p o ^ l y due to other factors such as sqixashing. In 
Pig. 21-2 micronuclei and a thick bridge are seen. The nature of the 
bridge is d i f f i c u l t to explain. I n Pig. 21-3 a thin bridge connects 
two non-sister sets. Such bridges could be attributed to inversions 
incorporated in the chromosomes of the first.anaphase polar sets. 

German material (code N4. 1) 
Diakinesis: Six selected cells are shown i n Pig. 22 with their 
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complements arranged i n order of length. The absolute length is 
3 to 10 microns. Chly one bivalent per cell i s seen firmly attached 
to the nucleolus. 

Metaphase I i This is very regular with the exception of the very 
rare occurrence of quadrivalents; one cell is shown i n Fig. 22 
(bottom centre). 

Anaphase onet Bivalent members usually separate normally 
except i n cases of d i f f i c u l t y due to chromosome stickiness where they 
l a ^ . Fig. 22 (bottom l e f t ) i s an example of such abnormality. 
Fig. 22 (bottom right) illustrates a bivalent and a fragment, possibly 
an inversion bridge. 

Second division; Second division i n this material is vexy 

regular. 

Czechoslovakian Material (code N1. 1 and U5t 1) 

Meiosis i n N1. 1: Meiosis i n this material is very regular; 
but the few disturbances observed are interesting. Fig. 23-1 shows 
a cell at a very early prophase exhibiting fragmentation and 
micronuclei formation: the reason for such behaviour is not known. 

At diakinesis most of the chromosomes form bivalents, but i t has 
been seen that some of the cells contain only 17 bodies. Further 
investigation revealed the presence of quadrivulents. The top cell i n 
Fig. 23 illustrates a normal cell at diakinesis with n = 18. The 
middle row illustrates another with also 18 bivalents and two of these 
are closely associated with the nucleolus. The bottom row represents 
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one c e l l with only 17 bivalents and two nucleoli with their associated 
bivalents. 

Metaphase I i s generally normal, but we have seen quadrivalents at 

a very low frequency. Some such cells are shown in Pig. 23-2 and 

23-3. 

Anaphase I cells scanetimes have only 17 bivalents at both 

polar sets. Such a c e l l i s shown in Fig. 23-4• Pigs* 23-5 and 23-6 

are drawn to show the bridges and no exact analysis of the 

chromosomes i s made. I n Pig. 23-5 a bivalent bridge is seen; i n 

Pig. 23-6 a bivalent bridge and a fragment are seen. Both bridges 

could be attributed to an inversion heterozygotes. Pig. 23-7 and 

23-8 demonstrate further the occurrence of bridges. In Pig. 23-7 the 

bridge i s attributed to an inversion crossing over; in Pig. 23-8 

to d i f f i c u l t y of separation of a possible trivalent with a laggard 

univalent. Pig. 23-9 shows the occurrence of micronuclei. 

A study was also made on a different plant from Czechoslovakia, 

code N5, 1. Pour diakinesis cells from this plant are illustrated 

i n Pig. 24» There are 18 bivalents i n each, also one nucleolus and 

one associated bivalent, though xaxely two nucleoli are seen 

(t h i r d row, Pi^. 24)• 

Second division i n this material is very normal. 

Polish Material g5. 4. 

Meiosis i n this material is very regular; some of the few 

anomalies observed are illustrated here i n Pigs. 24-1, 24-2, 24-3 

and 24-4» a l l a* anaphase I . 
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I t appears from the foregoing evidence that division i n 

M.hifolium is f a i r l y regular, resulting i n the formation of bivalents 
i n most of the cells except i n certain cases where quadrivalents are 
formed. The most irregular material, comparatively speaking, i s the 
B r i t i s h . M.bifolium i n Britain is very rare and is found mainly at 
Scarborou^. There are other scattered localities i n the British 
Isles where the plant i s probably introduced. I t is quite possible 
that the population at Scarborou^ is also an introduction. 



Pig. 20 Meiotio stages i n M.bifolium (N4, 2) 

2n a 36. 

20-1, 20-2, 20-3 and 20-4: Metaphase Is plates 

with 18 bivalents each. 

20-5 and 20-6» Metaphase I : plates with l 6 ( i i ) and 

l ( i v ) each. 

20-7 Metaphase I : plate with 1 8 ( i i ) , note the 

association of two bivalents {right hand 

comer) • 

20-8 First anaphasei bridge and a fragment, top 

c e l l . 

20-9 Persistent bridge at telophase. 

20-ilO Fragment embedded i n the wall at 

telophase. 

20-11 A lagging univalent (top half) and a small 

group of la^ards (bottom half) at telophase. 
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Pig. 21 Meiotic stages i n M.bifol,iffn (M. 2) 

Top rightt Pour rows representing the 
complements of four complete nuclei at 
diakinesis and eaxly metaphase I . 
Note the nucleolus and the associated 
bivalent. 

21-1 Late anaphase I I with dividing univalents 
one of which satellited. 

21-2 Double bridge and two niicronuclei. 

21-3 Single bridge connecting two polar sets 
at late anaphase I I . 

Bottom l e f t t Side view of metaphase I 
i l l u s t r a t i n g some quadrivalents. 

Bottom rightt First Anaphase with 

18 chromosomes. 
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Fig. 22 Meiotic stages i n M.bifolium (N4, 1) 2n O 36 

Top: Six rows representing the complete 
bodies of six nuclei at diakinesis and 
early metaphase I . Note the nucleolus and 
associated bivalent. 

Bottom l e f t : Dividing lagging univalent 

and a bridge. 

Bottom centre: Side view of metaphase I 

with two quadrivalents. 

Bottom r i ^ t : Univalent bridge and a 
fragment at f i r s t anaphase. 
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Fig. 23 Meiotic stages i n M.bifolium (Nl,l)2n*=36 

Top three rows? Complete bodies of three 
nuclei at diakinesis and early metaphase I , 
18 bivalents i n each. 

23-1 Early prophase showing nucleolus, 

two micronuclei and three fragments. 

Unusual. 

23-2 A quadrivalent at Metaphase I . 

23-3 A figure of eight quadrivalent at f i r s t 
metaphase. 

23-4 Anaphase I : Plate with only 17 bivalents. 

23-5 Bivalent bridge at f i r s t anaphase. 

23-6 Bivalent bridge and a fragment at f i r s t 
anaphase. 

23-7 Double biridge at f i r s t anaphase. 

23-8 Lagging trivalent and a univalent at f i r s t 
anaphase• 

23-9 Two micro-nuclei at f i r s t anaphase. 
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Pig. 24 Meiotic stages i n M.bifolium 
Top: Code 1I5»1» S'our rows of 
complete four nuclei at diakinesis 
and early metaphase I . I n the 
th i r d cell there are two nucleolii and 
two associated bivalents - rare. 

Bottom: Code N5, 4 

24-1 Two lagging univalents at f i r s t 
anaphase; one already divided. 

24"2 Bivalent bridge at f i r s t anaphase. 

24-3 Two lagging trivalents. 

24-4 Two lagging univalents at f i r s t 
anaphase. 
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Meiosis i n diploid M.canadense (M6, 1) 
The material on \^ich this study i s made was collected by 

Dr. T. Mosquin i n the Gatineau H i l l s , P.Q., Hull, Canada. Meiosis 
has been found to be very regulsir at both the f i r s t and second 
divisions, ^o* quadrivalents have been observed. Fig. 25 shows 
thi^e late diakinesis cells each consisting of 18 bivalents of 
more or less the same absolute length as that seen in M.bifolium. 
There is also one nucleolus and one associated bivalent. 

Meiosis i n t r i p l o i d M.canadense (M4, I ) 
This material was collected by Dr. M.J. Harvey in Nova Scotia, 

Canada. Somatic chromosome counts reveal that i t is t r i p l o i d . 
Morphologically i t is very similax to the diploid. There appear 
to be no differences i n the vegetative features, apart from 
stomatal size (p. 2 2 ) , but certain features of the flower and 
f r u i t are different. The pedicels are shorter and stouter, the 
flower buds attain a wider diameter before they undergo meiosis, the 
berry at maturity is of variable diameter but considerably larger 
than i n the diploid and contains 2-3 seeds which appear to be 
similar but slightly larger than those of the diploid (p. 1(5 ) . 

Pig. 26-1 shows a cell at a very early prophase stage 
exhibiting the presence of paired and impaired chromosomes. The 
unpaired one can be attributed to the presence of a univalent, whiidi 
i n turn could be part of a trivalent configuration. In Pig. 26-2 
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a possible inversion heterozygote is indicated by the characteristic 
loop. I t could also be due to breakage reunion. In either 
situation the formation of bridges and fragments is possible. 

Pollen-mother cells at metaphase I are d i f f i c u l t to analyse. 
Some few cells capable of analysis eire illustrated i n Fig. 27 
and summarised i n Table 27 • 

Table 27 
Chromosome confi.^irations at 

metaphase I i n t r i p l o i d M.canadense 

Cells 
examined Univalents Bivalents Trivalents Quadrivalent s 2n 

A 4 11 9 0 53 

B 3 11 7 2 54 

C 4 11 5 3 53 

D 4 6 7 3 55 

E 12 10 5 1 51 

P 6 1 11 3 53 

Mean 5 10 7 2 54 

We w i l l refer to this table later for discussion. At metaphase 
I (side view) i t has been very d i f f i c u l t to study chromosome 
configurations and i t has only been possible to count the univalents; 
the results are shown i n Table 28. 
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Table 28 

Distribution of visible univalents at 
metaphase I (side view). 

Univalents 0 1 2 3 4 5 6 7 8 9 10 11 12 

Cells 42 - 2 32 40 57 38 28 20 19 9 5 3 

Mean = 4»7 Univalents per c e l l . 

At anaphse I many of the meiotic disturbances characteristic 
of triploids are observed; they w i l l be br i e f l y described here. 
I t should be mentioned that i n many of the observed pollen-mother-
cells, the chromosome number is apparently variable, this is 
attributed to d i f f i c u l t y i n getting well spread plates, as well 
as to the fact that some of the laggards do not reach the poles. 
The figures to be described below are drawn to illustrate the 
abnormalities rather than to give exact counts. 

Pig. 28 shows a group of cells with varying nvimber of laggards 
and bridges. Pig. 28-1, 28-2 and 28-4, are of individual cells 
with lagging univalents, which have divided or are i n the process 
of dividing, and rarely, bivalents. Pig. 28-1 shows a large 
lagging bivalent to the l e f t , a bridge, and a univalent with i t s 
chromatids having their long arms stretched toward the poles. 
Pig. 28-2 shows two univalents, one already divided, and i t s 
chromatids approaching the poles, the other forming a univalent 
bridge. The nature of the fragment at the top right comer is not ): 
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known. Fig. 28-3 shows a lagging bivalent and three univalent 

laggards. Lagging hivalents, though infrequent, can be 

attributed to d i f f i c u l t y of separation. 

Further anaphasic stages are Illustrated i n Fig. 29. 

Pig* 29-1 shows two laggards, most l i k e l y to be bivalents suffering 
ftom d i f f i c u l t y of separation, possibly due to stickiness, as 
indicated by the presence of the bridges. Pig. 29-2 gives a 
possible segregation of 21 and 24. Pig. 29-3 gives a possible 
segregation of 19 plus 22 plus two lagging univalents and three 
fragments. Fig. 29-4 has an attenuated bivalent; Figs. 29-5, 29-6 

and 29-7 show varying numbers of univalents some i n the process of 
i- (division, others divided, and i n several of these dividing univalents, 

i t i s the long arm that seems to move f i r s t toward the pole. In Pig. 
29-7 a bivalent bridge i s seen. Fig. 29-8 shows a ce l l with unequal 
segregation of 27 and 22. 

We have scored the number of univalents at this stage and the 
results are shown i n Table 29 below. 

Table 29 
Lagging visible univalents at 1st anaphase 

Univalents 1 2 3 4 5 6 7 8 9 10 

No. cells 20 30 28 19 13 14 8 1 3 1 

Mean = 3 . 5 univaJ-ents per c e l l . 
I t i s clear from this table that most of the numerous laggards 

seen at metaphase I (Table 28) have divided and may have reached 
the poles at this stage. 
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Bridges at anaphase I axe rather frequent and the results of 

scoring these are shown i n Table 30. 

Table 30 
PreQuency of bridges at anaphase I . 

Total 1 bridge 1 bridge 
fragment 2 bridges 3 bridges 

No. of 
cells 100 

i 
39 4 13 3 

The occurrence of bridges, Tirtiether of univalent, or bivalent origin, 
i s attributed to possible d i f f i c u l t y i n separation as stickiness is 
rather conmon. In certain cases some of these bridges can be explained 
as arising from structural changes i n the chromosomes themselves such 
as inversions and breakage - revinion. Fragments are presumably lost i n 
cells possessing only bridges. 

Disturbances of meiosis are s t i l l seen i n this material i n the 
second division. Most of the anomalies encountered are bridges. Such 
bridges can be due to inversions incorporated i n the polar members of 
bivalents at anaphase I . Univalents are s t i l l observed, rarely dividing, 
at the second anaphase. At telophase micronuclei are frequently seen. 
Theselvajiy i n number and size, depending on Aether they constitute 
single, or groups of, laggards undergoing cytogenesis. Some tetrads 
with varying number of micronuclei are illustrated i n Pigs. 30-1, 

30-2 and 30-3. 



Pig, 26 Ifelotic stages i n t r i p l o i d 
M.canadense (2n = %) 

26-1 Paired and unpaired chroraosomes at 

diplotene. 
26-2 Possible inversion hererozygote 

at diplotene. 

26-3 Side view of f i r s t metaphase, variation 
i n the number of visible univalents. 
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Fig. 28 Meiotic stages i n t r i p l o i d 
M.canadense 2n « 54 

28-1 Bivalent bridge, lagging bivalent 

( l e f t hand comer) 

One univalent i s exhibiting stretched arms. 

The other univalent is already divided. 

28-2 First anaphase, univalent bridge; 
fragment; and an already divided 
univalent. 

28-3 First anaphase; three dividing 
univalents and a l a d i n g bivalent. 

28-4 A group of P.M.C's with bridges and 
laggards. 
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Fig. 29 Meiotic stages i n t r i p l o i d 
M.canadense 2n = 54 

29-1 Two bivalent bridges. 

29-2, 21 and 24. Segregation at f i r s t 
anaphase. 

29-3 Two l a d i n g univalents and three 

fragments. 

29-4 Attenuated bivalent, anaphase one. 

29-5 10 univalents forming a complete 
row on the equator. 

29-6 Six lagging univalents, and two 
fragments. 

29-7 Four univalents, two dividing, three 
fragments and a bivalent bridge. 

29-8, 27 and 22 segregation. 
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F i g . 30 ; Tetrads i a t r i p l o i d 

M.canadense with micronuciei, 
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Meiosis i n M.canadense var. interius 
The material on which the meiotic process has been studied 

was received, i n flower, by air from Alberta, Canada, i n 1965. 

Since then the plant has continued to reproduce vegetatively, u n t i l 
the spring of 1968 when two clones flowered. 

One of the major features i n this material is the clumping of 
the chromosomes around the nucleolus and the severe chromosome 
stickiness ^ c h has been observed up to late anaphase one (Figs. 34-1 

34-2 and 34-3) • The matrix strands are so extensive as to connect 
chromosomes of one pole to each other as well as to those of the other 
pole (Fig. 34 -1 ) . Detailed analysis of pairing has thus been 
impossible. Other factors to this effect aret the crowded nucleus 
(n = 36 ) , d i f f i c u l t y i n obtaining well spread bodies and overlaping 
of chromosomes. 

We have, however, attempted the analysis of some cells, and i n 
these emphasis has been laid on the frequency of multivalents, 
expressed as a percentage, rather than a complete analysis of the 
various configurations. 

Diakinesis cells, capable of analysis, are given i n photograph 
Fig. 31, and the chromosome configurations, admittedly too limited for 
s t a t i s t i c a l analysis, i s given i n Table 31. The Table also includes 
some cells at early metaphase, such as the one illustrated i n Fig. 32. 
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Table 31 

Erequency of visible multivalents i n some 
PMC's i n tetraploid canadense 

Pig. no. No. of bodies 
i n the nucleus 

No. of multivalents 
i v i i i Percentage 

32 19 + two 
complex groups 

7 3 51 

24 + three 
complex groups 

7 4 56 

31-1 7 + one large 
complex group 

3 1 23 

31-2 10 + four 
complex groups 

4 1 27 

31-3 17 + five 
complex groups 

5 1 32 

31-4 20 + one large 
complex group 

4 2 30 

31-5 9 + one large 
complex group 

4 22 

Mean/cell 5 2 36 

I t i s admitted that the evidence revealed i n this table i s not 
conclusive and i s inadequate. I t could tentatively be assumed that 
autopolyploidy is possible. Purther discussion on this subject w i l l be 
resumed later. 

Meiotic division i n this material, on the \*ole, i s regular and 
the multivalents appear to disjoin normally. There are, however, a 
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few anomalies, such as the rare occurrance of anaphase I bridges 

(Pig* 33-1) and some laggards i n both divisions (Pigs. 33-5 and 33-6) . 



Fig. 31 Meiosis i n tetraploid M. canadense 

var. Interius - 2n = 72. 

Diakinesis cells: 

Only the visible configurations 

are drawn and labelled. 

1 Top l e f t ; 4(iv )+ l(iii)+complex groups. 

2 Top rightt 4(iv )+ l(iii)+complex groups. 

3 Centret 5 ( i v ) + l ( i i i ) + l i ( i i ) +complex groups. 

4 • Bottom l e f t t 4(iv)+1(iii )+ l6(ii)+complex groups. 

5 Bottom r i g h t i 4(iv)+5(ii)+complex groups. 
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Pig. 32 Meiosis i n tetraploid M.canadense var.Interius 

2n = 72 

Metaphase I (actual c e l l to the r i ^ t ) . Only 

the visible configurations are labelled. 

Complex parts are shown as spotted areas. 

The possible configuration i n this c e l l i s 

7(iv )+3(iii )+9(ii)+complex group. 
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Pig. 33 Meiotic stages i n tetraploid M.canadense 

var. interius. (2n = 72) 
33-1 Anaphase I , "bivalent bridge. 
33-2 Metaphase two, lagging univalent. 
33-3 Bivalent bridge 

33-4 Metaphase one, two quadrivalents of 
the ring and figure of e i ^ t type. 

33-5 Late second anaphase, two bridges and 
two laggards. 

33-6 Late second anaphase, lagging univalents. 
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F i g . 3A:t Anaphase I : Chromosome s t i c k i n e s s 

i n t e t r a p l o i d i n t e r i u s ( n = 36) 
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DISCUSSIOH OF CYTOLOGICAL BE5ULTS 

We have seen above that the karyotypes of several different clones 

of Maianthemtun are basically similar (p. 54 ), Stebbins (p.442 ) 

says that "chromosomes that resemble each other i n outward appearance 

are not necessarily alike i n genie content or i n hereditary 

potentiality". I t i s therefore necessary to analyse meiotic behavioiir 

of the chromosomes i f any reasonable conclusions regarding matters 

related to evolution and relationship are to be reached. 

Meiosis i n almost a l l the clones has "been described above. We 

w i l l look into the relationship between the evidence collected from 

meiosis and mitosis; also between these two and f e r t i l i t y , and, 

fi n a l l y , into the origin of the various taxa i n relation to polyploidy. 

The various taxa have a uniform karyotype that is not accompanied 

by any major structural changes i n the chromosomes, as the evidence 

from meiosis reveals. This indicates that the whole group is 

morphologically slightly variable and cytologically f a i r l y stable, 

despite the disjunct distribution and the presumed long period of 

isolation. 

I t i s of interest to note that a l l the clones i n cultivation have 

shown a tendency towards self-incorapatibilitj"- (p. 2 8 )'but are readily 

crossable with each other at a l l levels of ploidy. On pollen-

stainability basis, most of the clones are f e r t i l e , but there seems to 

be a correlation between meiotic pairing and f e r t i l i t y as shown i n 

Table 32. 
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Table 32 

Meiotic -pairing and f e r t i l i t y 
i n Maianthemum 

Material Origin Configuration at 
Metaphase I 

F e r t i l i t y 
Percentage 

bifolium 
2n = 36 

Germany 
Poland 
Czechoslovakia 

Britain 

I 8 ( i i j 
I 8 ( i i j or l 6 ( i i ) + 
l ( i v ) rare 

I 8 ( i i j or l 6 ( i i ) + 
l ( i v ) rare 

I 8 { i i ) or l 6 ( i i ) + 
l ( i v ) occasional 

96 

85 
80 

65 

canadense 
(2n = 54) 

interius 
2n = 72 

Canada (2n » 36) 

Canada (2n » 54) 

Canada 

I 8 ( i i ) 

5(i) + I 0 ( i i ) + 
7 ( i i i ) + 2(iv) 

5(iv) + 2 ( i i i ) + 
23(ii) and a possi
ble maximum of 
7(iv) 

100 

46-50 

100 

dilatatiim California I 8 ( i i ) Therman 

I t i s noted that i n the 36-chromosomed clones, f e r t i l i t y i s 

sligh t l y affected by the rare occurrence of multivalents, but when 

these become occasional, f e r t i l i t y i s affected to a much greater 

degree. I t appears that these multivalents together with the 

observed, but less frequent, disturbances i n the meiotic course, 

contribute to the formation of unbalanced gametes. I t could also 

be argued that structiaral hybridity to a limited degree occurs i n 

these clones, irtiich could explain their polyploid origin as w i l l be 
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seen below. 
In the 72-chromosomed race f e r t i l i t y i s not affected by the 

frequent association of the chromosomes into h i ^ e r multivalents. 
This means that they disjoin normally and form balanced gametes. 
Higher associations can indicate homology rather than structural 
differences as w i l l be seen below. 

In the t r i p l o i d race, as i n a l l organisms of this ploidy level, 
meiosis is irregular and many of the gametes are abortive. I t is 
surprising that despite the various anomalies seen i n the meiotic 
processes i n this rate, there are s t i l l some viable gametes formed 
and that the t r i p l o i d i s not only partially f e r t i l e but also 
productive of good berries and good seeds on selfing. I t i s 
unlikely that i t i s of hybrid origin, but we w i l l discuss this 
later. 

The question of whether a species i s diploid of polyploid can 
i n uncertain cases be solved on the basis of the shape of the 
chromosomes (Soumalainen, 1947)• I f polyploidy is assumed i n 
Maianthemum^ then the base number i s x = 9» I t is necessary to 
examine this by looking at the evidence both from the karyotype 
and from meiosis. 

In the tribe Polygonatae, Therman (l956) gives the following 
base numbers: 

Polygonatum group Altemifolia x = 9, 10 
I Polygonatum group Yerticillata x = 13, 14 

Beineckia x = 19 
Convallaria x = 19 
Smilacina x = 18 
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Miaianthemum x = 18 
Streptopxis x = 8 
Disporum x = 8, 9 
Clintonia x = 14, 16 

According to Therman the base number for the tribe is x = 9 

and for Maianthemum i s x = 18. Therman rules out autopolyploidy 
and suggests a possible allopolyploid origin for Maianthemum. 

I f we follow the argument that the base niunber for Maianthemum 
i s possibly x = 9, as i n i t s nearest a l l y , Polygonatum^ then we 
expect i n the 36-chromosomed strains to find the chromosomes i n 
sets of four. But this i s not the case. We have two main types of 
chromosomes, 7 large and 11 small pairs. Within each of these two 
series we have only two identical chromosomes of any one kind. 
Thus, the argument iiriiether these polyploids are allo-or auto- i n 
origin i s partly settled on the basis of karyotype ajialysis, which 
indicates allopolyploidy; also from the meiotic pairing, although 
this i s very limited, as we have seen earlier (p. 64 ). 
Autopolyploidy can only be postulated on the basis of chromosome 
differentiation following polyploidization, i n Stebbins' sense, 
and this does not seem very li k e l y . 

The data for the karyotype (p. 75 ) strongly suggests, 
pytologically, at least, that the 2n = 72 forms of M.canadense are 
autoployploids. The meiotic behaviour of the chromosomes is also 
indicative of autopolyploidy. As has already been indicated, i t i s 
not possible to analyse a l l the configurations i n any single PMC, 
but the information we have (Table 29) indicates that the most 
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probable configuration is 5(iv) + 2 ( i i i ) + 2 3 ( i i ) , with a maximum 
observed number of 7 ( i v ) . Thus about 36 - 55 per cent of the 
chromosomes are involved i n h i ^ e r configurations. This i s within 
the figure calculated for the Gramineae by Morrison and Rajhathy (196O). 

In the Gramineae, an average of 57 per cent of the chromosomes 
form multivalents i n known autopolploid forms. Manton (l937) 

produces similar figures on autotetraploid Biscutella. 

The t r i p l o i d form of M.canadense can be looked at from two 

different angles. The f i r s t i s , v4iether i t i s cytologically 

autopolyploid. The karyotype evidence, showing that the chromosomes 

can be arranged i n t r i o s , i s i n favour of this hypothesis, as is 

also the evidence from meiosis. The most typical configuration 

(Table 25) i s possibly 5(i) + lO ( i i ) + 7 ( i i i ) + 2(iv) (with a 

maximum of 11 trivalents). Here the mean percentage of chromosomes 

involved i n h i ^ e r associations i n 68 per cent, which is within the 

range calculated by Morrison and Rajhathy (1960). The second 

question about the t r i p l o i d i s whether i t arises from a diploid-

tetraploid hybrid, or directly from a diploid. The cytological 

evidence could f i t either hypothesis; and we have insufficient 

data to judge on the basis of morphological evidence. I f a l l 

t r i p l o i d canadense turned out to be like the diploid, and i f a l l 

the plants of var. interius turned out to be tetraploid, then a 

conclusion could be reached. But at present not enough populations 

have been cytologically examined. 

Therman, 1956, dealing with the tribe Polygonatae^ says that 



"clear polyploidy has been found i n the North American Polygonatum 
species representing the group Alternifolia^ within the species 
representing the group Verticillatum and i n the genus Streptopus". 
This can be extended by the addition of the North American 
Smilacina (Kawano and I t l i s 1963) and the North American representa
tives of Maianthemum (present report). 
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CHAPTER SEVEN 

DISCUSSION 

I n the present work we have investigated the small genus 
Maianthem^un. The results can be looked at from at least three 
different points of view, viz., taxonomic, evolutionary and 
phy togeographical. 

In our investigation on the morphology of the various taxa, 
evidence has been collected from dried and l i v i n g material. I t has 
been found d i f f i c u l t to use the flower for the reasons given earlier 
(p. 19), and p. 2 0 ) and the limited work done on these (p.2 0 ) 
showed that the flowers i n a l l the various taxa are basically 
similar except for minute, but sometimes obvious differences. Such 
differences as exposed by width of ovary and perianth; and thickness 
of pedicel and style, have been incorporated i n ovcc main discussion 
that w i l l follow. 

In the fresh material the anatomy of the rhizome has proved 
of l i t t l e taxonomic importance (p. 2 4 ); and characters such as 
stomatal length and width, and size of the nuclei of the 
subsidiary cells, although revealing striking differences (p.22 ) 
have been found to be correlated with polyploidy. 

I t would certainly be profitable i f further analysis could be 
made on the dried material with these characters i n mind. This would 
add to our knowledge of the prevalence of these chromosome races in 
nature. I t should be mentioned here that both the tetraploid and 
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the t r i p l o i d material have been sent to us from widely separated 
localities (Appendix 3), ancl this covild indicate that they are quite 
widely distributed; but their complete distribution i s s t i l l 
unknown; and we cannot even be sure that there is any correlation 
between chromosome number and morphology, apart from the cell-size 
characters. Hence the discussion which follows, i n the relation
ship and status of these taxa, w i l l be based primarily on the 
herbarium material. 

I n our earlier attempts (p. 14 ) we considered the taxa 
on a regional basis. Thus M.dilatatvun was closely examined for 
variation i n four different parts of i t s range, i.e. Horth American 
Pacific coast; Alaska and the Aleutian Islands; Asiatic Pacific 
coast; and Japan. I t was found that the N.American Pacific plants 
are similar to those of Alaska and Aleutian Islands; but they both 
are different from the Asiatic and Japanese ones. Thus i t was 
possible to group the dilatatum plants into two main sections; 
one along the Pacific coast of North America, including Alaska; the 
other along the Pacific coast of Asia, including Japan. For 
M.bifolim the European and Asiatic samples were found to be very 
similar and hence considered as one group, Evirasiatic. 

We have summarised our data f i r s t , into the form of resemblances 
and differences (Table 33), and then i n the form of a similarity 
index (Table 34) which i s the number of characters shared by any 
two taxa, expressed as a percentage of the total number of 
characters considered. 
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Table 33 

The taxa and their resemblances and differences. 

A l l measurements i n mms. Means and standard e r ^ r of means. 

Herbarium data. 

Key for the taxat-

A» M. dilatatum,. American 

Bs M. dilatatum,. Asiatic 

CJ M.bifolium^ Eurasiatic 

Di M.canadense var. interius 
C.N.America 

Ej M.canadense^ E.N. America 

Character A B C D E 

Stem length 260 i 9.3 141 - 8.5 170 t 6.4 152 ^24.3 130 i 3.6 

Petiole length 46 i 3.4 24 - 1.1 19 - 1.2 5 - 0.9 2 t 0.2 
Sinus depth l6>-5i 1.0 12 i 0.7 8 i 0.4 2 t 0.4 1.7 - 0.1 
Lamina width 62 i 2.4 37 i 1.8 35 i 0.4 30 i 1.0 20 i 0.6 

Midrib length 66 t 2.4 39 i 1.4 49 i 1.7 40 i 3.5 25 * 2.3 
No. of f l s / 
raceme 36 t 2.4 17 - 1.4 25 i 1 28 t 1.1 21 - 0.5 

Ovary width 0.9 1.0 1.0 1.35 1.0 

Perianth width 1.8 1.4 1.2 1.6 1.2 

Pedicel 
thickness thick thick slender slender slender 

Style thickness thick thick slender slender slender 
Rhizome 
thickness thick thick slender slender slender 
Bndomentum glabrous glabrous pilose pilose glabrous 
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The similarity index is shown diagramatically i n Fig. 35. In 

this case the thickness of the line connecting any two taxa is an 
expression of their degree of similarity; the thinner the line the 
more different they are. 

Table 33 shows that M.dialtat;im (A) i s the most distinct taxon 
i n the group; consequently, i t i s compared to the remaining taxa 
i n the manner presented i n Table 34. In this Table the comparison 
is made along the following lines; In Column 1, taxon A is 
compared to B, C, D, and E. This shows that taxon A has more 
characters i n common with B than with any of the remaining taxa. 
In the same way, i n column 2, taxon B is compared to C, D and E; 
i n column 3, taxon C i s compared to D, and E; and i n column 4, D 
and E are compared. Similarity, i n a l l cases, is expressed i n 
number of characters shared, and as a percentage. 
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Table 34 

The species and their similarity index. Based on data i n Table 31. 

(For index calculation see p. 84 ) 

Key for the taxa as i n Table 31 
0 = character not significant, 
+ = character significantly different. 

Character 
(1) 
A 

(2) 
B 

(3) 
C 

(4) 
D 

Stem length 
Petiole 
length 
Sinus depth 
Lamina 
width 

Midrib 
length 
No.of f l s / 
raceme 
Ovairy width 
Perianth 
width 

Pedical 
thickness: 
thick 
Style 
thickness: 
thick 
Rhizome 
thickness: 
thick 
Indumentum, 
glabrous 

B 
+ 

+ 
0 

c 
+ 

D E 
+ + 

+ + + + 
+ + + + 

+ + + + 

+ + + + 

+ + 
0 + 0 

+ + + + 

0 + + + 

0 + + + 

0 + + + 

0 + + 0 

c 
+ 

+ 
+ 

+ 
0 

D 
0 

+ 
+ 

+ 
+ 

NO OF CHARACTERS SHARED (OUT OF 12) 

PERCENTAGE 
5 1 0 2 

42 8 0 17 

E 
+ 

+ 
+ 

+ 
0 

3 2 2 
25 17 17 

D 
0 

+ 
+ 

0 

0 
+ 

0 

7 
58 

E 
+ 

+ 
+ 

0 
0 

6 
50 

E 
.0 

+ 
0 

+ 
+ 

0 

0 

5 
42 
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Fig. 35 summarizes these results. I t i s evident that canadense, 
interius, and bifolium resemble one another f a i r l y closely and are a l l 
rather distinct from dilatatum. I t i s also clear that N.American 
dilatatum i s linked with Eurasiatic bifolium through E. Asiatic 
dilatatum. The leaf of the latter retains the general shape and 
texture of dilatatum, but approaches bifolium i n size; i t s flowers 
have the general characteristics of dilatatum, but the number of 
flowers per spike is reduced i n the direction of bifoliima. The 
evidence thus siaggests that E. Asiatic dilatatum may have been 
modified by contact with bifolium. and the occurrence of hybridization 
and introgression. As noted earlier (p. S ) Kawano has reported 
that the species occur together i n several places i n Japan and that 
intermediates, presumably of hybrid origin, are found. Hybridization 
may have been extensive i n the past and have led to intogression of 
the kind suggested. We know nothing of the f e r t i l i t y of the hybrids 
and unfortunately a synthesis has not been possible; but i t seems 
quite l i k e l y that the hybrids are at least partially f e r t i l e . 

The general questions of speciasion on the genus w i l l be 
discussed i n the f i n a l chapter. 

As regards the taxonomy of the genus, our results lead us to 
suggest the following scheme. 

M. dilatatum ( Wood)Nelson and Mac bride 

var. dilatatum (American Pacific coast), 
var. kamtschaticum (Asiatic Pacific coast), 

f. vegetior Sokolovskaya (Par East). 
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M.bifolium (L)Soaaidt 

subsp. 'bifolixun (Eurasia) 

subsp. canadense (E.N.America) 

subsp. i n t e r i u s (C.N.America) 

I t may be that further investigation may j u s t i f y the separation of 

var. carolinianum (p. 5 ) as a subspecies imder M.bifolium. 

A new species i s reported i n the genus i n the Par East, i . e . 

M.intermedium Worosch, described by Voroshilov (l960). I t has not 

been possible for us to obtain t h i s p a r t i c u l a r paper. Sokolonvskaya, 

however, i s of the opinion that t h i s species i s a caryological form 

similar to the higher polyploid (2n = 64 - 70) of bifolium discovered 

by her (p.42 ) . 

As has been shown (p. 54 ) evidence from the karyotype does not 

help i n drawing taxonomic conclusions. Uniformity of the karyotypes 

of a l l species suggests that these long-lived perenials have had a 

very slow rate of evolution. Again, i t has been shown that at least 

three of the taxa have developed polyploid races especially i n 

N.America; but i t i s not yet clear whether these are local and rare, 

or widespread and abundant, so that t h e i r taxonomic significance 

cannot be assessed. I t i s interesting that Kawano and co-workers 

(1967) did not report any polyploid races i n Maianthemum ( p . 5 ^ ) 

Subsp. canadense certainly exists i n both di p l o i d and t r i p l o i d 

(ji^cesibly also i n a tetraploid) forms, and subspecies i n t e r i u s 

as both d i p l o i d and te t r a p l o i d . 
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Evidence from both w i l d populations and experiments indicate 

that hybridization can occur i n the genus, and that, i n particular, 

t r i p l o i d canadense can be crossed with d i p l o i d bifolium,, but 

nothing i s known yet of the f e r t i l i t y of the hybrids, and the c r i t e r i a 

of a b i l i t y to exchange genes cannot be applied to the taxonomic problem. 



(D) 
i n t p r i u s 

c e n t r a l 
N,Ameriea 

C) 
b i f o l i u m 

eastern 
N.America 

(B) 
d i l a t a t u m 
Asia & 

Japan 

100 % 

dxlatatum 
N.American 
P a c i f i c 

coast 

S i m i l a r i t y Index 

l ^ i g - 35: M o r p h o l o g i c a l a f f i n i t i e s between 

t h e v a r i o u s t a x a of htaianthewum. 
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PAKP TWO 

OXALIS 

SECTION ACETOSELLAE 
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INTRODUCTION 

I n t h i s part we w i l l be investigating the relationship between 

O.aoetosella of Europe and Asia, and O.montana of N. America. 

Pemald (1918, 1920, 1929) believes that the American plant i s 

d i s t i n c t from the European. Hara (l952, 1962, 1966) considers the 

American plant to be only a part of the European. Hulten (l958) 

l i s t s the characters of the American plant (as pointed out by 

Pernald without a c t u a l l y mentioning Pernald) and accordingly 

degrades the plant to a subspecies l e v e l i . e . O.acetosella subsp. 

montana (Eaf.) Hulten, giving no further d e t a i l s . Love (l968 and 

personal communication says that she has v e r i f i e d the subspecific 

status which Hulten f a i l e d to establish. ])etail8 of her work are 

not available to us. 

These two taxa are obviously l i k e one another and i t i s not 

c l e a r what, i f any, the differences are. 

The relationship between these two taxa and a thi r d taxon, 

namely O.oregana of north-west America, i s also investigated. Our 

evidence suggests that the l a s t named taxon i s different from the 

other two taxa and should be maintained as a separate species. 

L?ve (1968, and personal communication) has recently published t h i s 

taxon as a subspecies under O.aoetosella giving no de t a i l s , a 

treatment we cannot confirm. 

There are, however, other species i n the section Acetosellae; 

Knuth (1930) divides them into two s e r i e s . I n the Southern hemisphere 
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there are O.maft'ellanica Forst (including O.lactea Hook), 0.Comberi 
R.Knuth, O.Berningeri R. Knuth, O.Pachyrrhiza Wedd.Chlor., 
0. Schickendantzii R. Knuthj of these we have made a few i n v e s t i 
gations on O.magellanica and O.lactea and these are described 
on page 12 2. 

I n the Northern hemisphere, Knuth records the following 

speciess O.oreftana Nutt, (including Q.Smallii) 0.obtriangulata 

Maxim, 0 . g r i f f i t h i i Edgew, and Hook O.hugehensis R.Knuth, and 

O.acetosella L. (including O.montana Raf.). 

The geographical d i s t r i b u t i o n of the section Acetosellae 

i s given i n the map Pig. 36. Some species are very localized. 

O.magellanica; Bolivi a , Chile, Argentine, S.Australia, Tasmania 

and New Zealand. 0 .Shickendantzii: Argentine* O.Comberii Argentine. 

O.Berningerii Chile. O.Pachyi^rhizai Peru and Argentine. O.acetosfella? 

Eurasia and N.America. O.oregana: American Pacific coast. 

0 .obtriangulata: Korea,. Ifenchxiria, China, Japan. 0 . g r i f f i t h i i 

Himalaya, China, Japan, Formosa. O.hupehensis: China. 

The geographical d i s t r i b u t i o n of the species of the Northern 

hemisphere i s given i n the map. Fig. 37, reproduced from Hultin (l958), 



Fi§. 3 6 : D i s t r i b u t i o n . o f O x a l i s s e c t i o n A c e t o s e l l a e . 
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A-

O.Ongana 

F i g . 37: D i s t r t b u t l o i i o£ t h e n o r t h e r n 

hemisphere s p e c i e s o f O x a l i g s e c t i o n . 

A c e t o s e l l a g ( f r o m Hulten,1958). 
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CHAPTER EIGHT 

COMPARATIVE MORPHOLOGY 

The species investigated are keyed as follows:-

Key to the taxa investigated i n the present work 

1. Petals T s ^ i t e , without coloured veins or yellow base 

O.magellanica 

O.lactea 

t . Petals with coloured veins and yellow base 

2. Plant with slender rhizomes; petals 9-1Sum long 

3. Capsules 3-7ii™ long, with acute apex O.acetosella 

3» Capsules 3-4mm long, with roiuided apex O.montana 

2. Plants with thick rhizomes; petals 15-I8mm long 

4. Leaflets obtriangular, with acute angles; 

chasmogamous capsules c y l i n d r i c , 20mm long 

0.obtriangulata 

4. Leaflets obcordate-to-depressed obtriangular, with 

roimded margins 

5. Plant with no cleistogamous flowers; capsules ovoid,-

8-l0mm long O.oregana 

5. Plant with cleistogamous flowers, chasmogamous capsules 

• oblong, 10-12mm long O . g r i f f i t h i i 
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Comparative study on O.acetosella and O.montana.Herbarium studies 

I n our investigation of herbarium material a number of 

quantitative characters were looked at to see to vfhat extent these 

d i f f e r e d i n the European and N.American materials. 

The characters selected f o r the investigation and the results 

obtained are shown i n Table 35, and Fig. 38. The measurements are 

based on a considerable number of samples from a wide range of 

l o c a l i t i e s . For each l o c a l i t y , the largest specimen on the sheet 

was selected f o r measurement; i t is.realised that the results must 

be treated with baution, as the plants are p l a s t i c , and their size 

i s affected by the environment. 

Bearing t h i s i n mind, a number of conclusions can tentatively 

be drawn. O.acetosella d i f f e r s from montana i n a number of characters 

and some of the differences are s i g n i f i c a n t . This i s true,for 

example,of the shape of l e a f l e t , and the length of the capsule. 

Cu l t i v a t i o n experiments involving these two taxa have shown that 

the differences between them are genotypic. 

The differences between the two taxa are presented diagramatically 

i n polygon Fig. 38, v^^iere i t i s evident that they are very similar. 



96 
Table 35 

Morphological differences and s i m i l a r i t i e s 

Between the American O.montana and the European O.acetosella. 

A l l measurements i n mms. Means and standard errors of means. 

Herbarium data. 

Character O.montana O.acetosella 

Width of lamina at apex 21.6 i 0.56 16 i 0.5 

Width of lamina at 
midpoint 16 i 0.8 18.6 i 0.58 

Midrib length 13.9 - 0.46 13 - 0.45 

Petiole length 75 - 1.4 79 - 3.6 

Pedicel length 79 i 4 92 i 2 

Flower length 12 i 0.27 12 i 0.25 

Petal width 4 - 0.1 4 - 0.2 

F r u i t length 3 - 0.2 4.9 - 0.1 

F r u i t width 3 - 0.2 3.2 i 0.2 



L e a f l g t v i d t h at midpoint. 

Midrib l e n g t h 
/ 

I 
Gapsula ^ X 

l e n g t h . 

/ 

L e a f l e t -width at 

apex. 

.J/ length. 

->''/ 
P e d i c e l lenfeth. 

P e t i o l e l e n g t h . 

•pi^^ ^8 ; MorphoLogy of O x a l i c a c e t o s c l l a 

(broken l i n e ) and Q.ffiontana (dotted l i n e ) . 

Based on the weans shown i n Table 35 . 
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Pernald (1918) reviewed the l i t e r a t u r e on O.montana and 

summed up his views on the characters vrtiich, i n his opinion, 
j u s t i f i e d i t s separation as a species d i s t i n c t from O.acetosella. 
These are i n Table 36. 

Table 36 

Differences between O.acetosella and O.montana 

as pointed out by Fernald ( l 9 l 8 ) 

Character O.montana O.acetosella 

Habitat Cool mossy woods Open, dry habitats 

Flowering season Mid-June to August April-May 

Rhizome Persistent petiole 
bases conspicuous 

Persistent petiole 
bases less conspicuous 

Sepals Hairs spreading Hairs appressed 

Petals Oblong, deeply 
emarginate 

Normally obovate, 
s l i g h t l y emarginate 

Capsule Oblate, broader than 
long 

©void, longer than 
broad 

Seeds Smooth or obscurely 
ridged 

Conspicuously ridged 

We w i l l now re-examine a l l these characters i n the l i g h t of ̂ ) 

herbarium material, and (b) fresh material. 

Habitat 

I t i s very d i f f i c u l t to confirm t h i s difference as both plants 
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are found i n woodlands, under varying degrees of cool humid 

surroundings. 

Flowering time 

This i s confirmed by an examination of the records on the 

herbarium sheets, which are summarized i n Table 37• 

Table 37 

Flowering time i n -populations of European 

and American plants from herbaritun records. 

Taxon A p r i l May June July 

O.montana 
(35 l o c a l i t i e s ) 0 8.5 28.5 43 

O.acetosella 
(6l l o c a l i t i e s ) 33 28 11 3 

A difference has also been observed i n the plants i n c u l t i v a t i o n 

i n the greenhouse, though there i s s u f f i c i e n t overlap to make 

hybridization experiments possible. 

Bhizome 

I t has not been possible to confirm the difference i n the 

rhizome character l i s t e d by Pemald; indeed Pemald himself, i n 

his l a t e r t paper (l929), does not lay emphasis upon i t . 

Sepals 

Observations on the indumentum of the sepals, which i s 

Pernald's fourth character, have shown that the hairs i n both 
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species can be either spreading or appressed; but there does 
appear to be a difference not noted by Fernald, i n that, i n 
O.acetosella the sepals are sometimes notched (50 per cent of 
samples) at the apex, while i n O.montana they are always entire. 
Characters of hairs and sepal apex are i l l u s t r a t e d i n Fig. 39 

(not to scale), also i n Fig. 40. 

Petals 

As regards the shape and emargination of the petals, i t has 

not been possible to obtain enough material of montana to make 

adequate petal measurements, so as to investigate the shape; dried 

material showed that emargination i s very consistent. Flowers of 

O.acetbsella on the other hand, with emarginate petals are 

occasionally seen, so that the character i s of li m i t e d diagnostic 

value (Fig. 40). 

Capsule 

The capsule characters given by Fernald do seem to be good. 

The difference i n capsule length shown by the herbarium specimens 

are retained i n c u l t i v a t i o n , and there i s also a difference i n shape; 

the capsule of montana tends to be rounded at the apex, that of 

acetosella acute (Fig. 40). 

Seeds 

Seeds of both species have been examined and no significant 

difference i n size or ridging has been found; i n th i s case, Pemald's 

diagnosis i s not confirmed. 

We may sum up these results by saying that N.American O.montana 
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d i f f e r s from European acetosella i n flowering time, i n characters 

of the apex of sepal, and petal, and i n capsule shape, though 

none of these characters i s absolutely diagnostic i t s e l f . The 

best taxonomic treatment for these taxa i s probably to treat them a S 

subspecies of a single species. This was also suggested by 

Hulten (1958) and L^ve (personal communication) has reached the 

same conclusion. 



Sepal %pe2c 

Sepal Tnarpin 

Sepal T Y i a r g i n 

. ace toaella a 2 

O. i c e t o i e H ^ c 2 

CiLiation. of sepals and sepal 
apear, (Mot to s c a l e ) . 



L e a f l e t 

- 5 vm. 

Sepal 

P e t a l 
~ 2 ^^^m, 

= 1 mm. 

CB) (A). • 
F i ^ . 40 Characters of leaflet,sepal,petal,^nd-

capsule i u 0.acetosella (A),41^3-
O.TnoT^taria ( B ) . 
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Morphological comparison tietween O.acetosella agg« and O.oregana 

Our observations on O.oregana were made on herbarixun material 

and on three cultiires, two di r e c t l y from California, the thi r d 

from Wisley, England. 

The evidence strongly suggests that from the geographical 

and morphological points of view, O.oreiRana i s d i s t i n c t from 

O.acetosella* The plant i s larger i n nearly a l l i t s parts; the 

l e a f l e t s a t t a i n on the average a larger s i z e (31 x 22 mm), with 

longer petioles. The flowers are larger ( l 8 x 6mm), with longer 

pedicels. The capsules are larger (9 x 5inm) with larger seeds 

(3 X 2mm), A l l these are maintained i n cultivation. The plant 

i s , moreover, densely pubescent and has thicker rhizomes, and 

does not produce cleistogamous flowers. 

I n subsequent chapters, other l i n e s of evidence w i l l be 

u t i l i s e d to discover as much as possible about' the relationship 

between O.acetosella and O.montana on the one hand, and these 

and O.oregana on the other. 

PIVES8/ 

SEttTOI 
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V a r i a b i l i t y of 0.acetosella 

I t had been noticed that some collections of material from 

montane habitats had small leaves, and i t was of interest to see 

to vihat extent t h i s kind of difference was maintained i n cultivation. 

26 stocks of O.acetosella were selected from those available. 

Their provenance i s given i n Table 38. They had been i n cultivation 

for various periods from a few months to three or four years. Each 

stock was cloned and divided into four portions; and each portion 

was potted i n a 4" pot, i n a well-mixed batch of compost. Each 

set of 26 pots, made up i n the autumn, was then allowed to overwinter 

i n four different environmental conditions, v i z . (a) i n shade 

under a bench i n a warm greenhoiise, (b) sunk i n the groxind out of 

doors, ( c ) out of doors i n a cold frame, and (d) i n a warm greenhovise 

on a bench which, i n addition to daylight, received e i ^ t hours of 

a r t i f i c i a l l i ^ t per day. The plants were examined from time to 

time, and detailed notes were made i n mid-winter and i n spring 

( A p r i l ) . 

The sur v i v a l rates of the plants iinder the four treatments are 

shown i n Table 39 • Shade conditions i n the greenhouse were very 

unfavourable, but well-lighted conditions i n the greenhouse were 

favotirable, and the plants did best here. There was quite good 

sur v i v a l out of doors, but the plants i n the cold frame did 

d i s t i n c t l y better than those without any protection at a l l . 
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Table 38 

L o c a l i t i e s for plants of O.acetoeella 

used i n oultlvation experiment. 

Code No* Country Location Altitude Habitat 

A4, 5 Bngland Co* Durham Lowland 
A4, 6 n Near Middleton 

i n Teesdale 800 f t * Alder woods 
M, 8 I I S h i n c l i f f e , 

Co. Durham 200 f t * Woodland 
A4,11 n Co* Durham Loirland 
A5, 9 n Durhaju 200 f t * Woodland 
A5,11 n S h i n c l i f f e , 

Durham 200 f t . Woodland 
A4, 2 n Parley H i l l , 

Berks* Lowland Woodland 
A4, 3 n Bucklebury, 

Berks* Lowland Woodland 
A5, 8 I I Near Scarboroug^i Lowland n 

A4, 1 I I Sunbiggln, 
Westmorland O.1500 f t * Limestone 

rocks 
A5,13 n C*1500 f t * n 

A1, 1 N Great Don P e l l , 
Yorkshire 2400 f t * Rook crevices 

A4, 9 I I Cleveland H i l l s 1000 f t * Grassland, 
under bracken 

A4, 4 Scotland Ben Lawers 0.2000 f t * Rock crevices 
A5, 2 n Perthshire 2300 f t * C l i f f s 

3 n Skye 1850 f t . It 

A5, 4 11 Ben Lawers 3250 f t * n 

A5, 5 n Caenlochan, 
Grlen Angus 

2850 f t * I I 

A5, 6 I I Glen Doll, Angus 2350 f t . It 

A5,12 
A5 ,10 

1 

I I 

I I 
Glen F e l l , Angus 
Loch Sunart 
A r g y l l 

2700 f t . 
Oak-birch 
Woodland 
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Table 38 

(continued) 

Code No. Country Location Altitude Habitat 

A4,10 Euronean 
Denmark Zealand 100ft. 

A5,14 n - 100ft. 

A3, 1 S. Unland Tammisaari Sea l e v e l -
A2, 1 Switzerland S. Gemmi - -
A4, 7 Germsuiy Mumau, Bavaria - -
A5, 1 Czechoslovakia Brati s l a v a 100ft. -
A5, 7 Poland Sczecin - -

Table-3i 

Response of 26 clones of O.acetosella 

to four different winter environments 

EnviTOnment 
No. of 
plants 

STorviving 

Mean No. of 
leaves 

per plant, 
A p r i l 

Mean No. of 
flower buds 
per plant, 

A p r i l 

A ) Warm greenhouse, 
i n shade \mder 
bench. 6 6 0 

B) Sunk i n ground 
out of doors. 16 16 7 

C) Cold frame 23 29 7 

D) Warm greenhouse, 
8 hours 
a r t i f i c i a l l i ^ t 
per day. 23 66 14 



1 0 5 
The l e a f l e t s of selected plants were measxired on two occasions, 

i n early spring and early winter; the r e s u l t s for the best grown 

plants, measured i n early spring, are given i n Table 40. This shows 

that many of the plants from h i ^ altitudes i n England and Scotland 

have l e a f l e t s s i g n i f i c a n t l y smaller than those from low altitudes, 

though there i s some overlap. This difference i s not found i n 

herbarium material from E.Asia, including Japan. Asian material 

(Table 41) appear to be always alpine i n habitat, and of an 

a l t i t u d e n a l range of 7000-13500 f t . (about 2-4 times the highest 

peak i n B r i t a i n ) . The plants collected from such h i ^ altitudes 

do not show any reduction i n s i z e and do not d i f f e r from the lowland 

populations of Europe and B r i t a i n . I t appears that i n i t s extreme 

north-western parts of the range, the species, besides occupying 

the lowlands, also ascends to well above the tree-line i n some 

scattered isolated peaks; whereas i n the extreme south-eastern 

parts of i t s range ( A s i a ) , the species becomes extremely rare i n the 

lowlands and occurs only i n the mountains. I t s place, i n the lowlands 

i s taken by another d i s t i n c t taxon, v i z . , O . g r i f f i t h i i . 
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Table 40 

Potted plants grown over winter 

I n warm greenhouse with a r t i f i c i a l 

lififat. L e a f l e t s measured i n April^ i n mms* 

Code Loc a l i t y Altitude Mean mid
r i b length 

Mean lamina 
width 

A5, 7 Poland Lowland 17.0 25.0 

A4, 7 Germany II 10*5 16*0 

A5, 1 Czechoslovakia 100ft. 10.0 15.0 

A5, 9 Durham 200ft. 10.0 14.0 

A5,11 Durham 200ft* 9.0 14.0 

A5, 6 Scotland 2350ft. 9.0 14.0 

A5, 2 I I 2300ft* 8.0 12*0 

A5, 3 n 1850ft. 8.0 12*0 

A5, 4 I I 3250ft* 7.0 10*0 

A5, 5 11 2850ft* 5.5 8.0 

A4, 1 Westmorland 1500ft. 5.0 7.5 

A1, 1 Yorkshire 2400ft, 4.0 6.0 
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Table 41 

A s i a t i c h i ^ altitude populations 

of O.aoetosella. Herbarium data. 

Means. Measured i n mms. 

Loca l i t y Altitude Mean midrib 
length 

Mean lamina 
width 

Sikkim 9500 f t . 8.0 8.0 

Japan, Central motmtains 2-7000ft. 8 ,0 10.0 

Eanchiang range, China 11000 f t . 10.0 19.0 

Eanchiang range 10-12000 f t . 11.0 16.0 

Kashmir 7-9000 f t . 10.0 12.0 

Burma-Tibet frontier 12000 f t . 11.0 9.0 

Tibet f r o n t i e r 9-13500 f t . 11.0 15.0 

Yunnan 13500 f t . 12.0 l6.0 

W. Nepal 10000 f t . 13.0 17.0 

India 8000 f t . 14.0 16.0 

Japan, Nikko mt. 

f 

12.0 17.0 



108 
CHAPTER NDIE 

Cytological comparisons 

The chromosomes of the three Oxalis species with which we are 

concerned have been exswdned by several authors. Their r e s u l t s 

are summarised i n Table 42. 

Table 42 

Chromosome counts made by 

other authors 

Taxon Place of origin Somatic 
count 

Meiotic 
count Author 

O.acetosella 11-12(?) Heitz (l927)a 
Lund, Sweden 22 L?v9 & L^ve 

(1944) 
Iceland 22 ^T§5^bf^^ 
Japan 22 Hara (l966) 

Jai>an 22 Nakajima 
(1936) 

Calcutta, India 30 Sharma 
(1960) 

Eastern Himlaya 22 Hara (1966) 

O.acetosella sat Japan 22 Hara (l952) 
«riffithii Eastern Nepal 22 Hara (l966) 

O.montEina Canada 22 V V 
Love & Love 

(1956) 
O.oregana Bot.garden, Wisley 22 Marks (1964) 

O.oregana I I I I It 33 Marks (1964) 
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The count of 2np»30 oan be eliminated s t r a i ^ t away ftom this 

l i s t . The plant i s described by Sharma as having large, broad, 

membranous st i p u l e s , £uid t h i s can not be O.aoetosella. I t has not 

been possible to consult the o r i g i n a l paper of Heitz, and the 

reason for the v a r i a t i o n i n ntimber ^ c h i s given ( i n published 

l i s t s ) i s not known. A l l the remaining counts are i n agreement; 

none of them gives euiy d e t a i l s of chromosome morphology, thoug^i 

Nakajima states that the chromosomes are rod-shaped and of similar 

s i z e . 

Our own counts are given i n Table 43* technique used i s 

s i m i l a r to that described (p.4 6 ) for Malanthemum. Divisions i n 

root-tips are d i f f i c u l t to f i n d . 

Table 43 

Our own chromosome counts 

Taxon Place of origin 
Somatic 
number 

(root-tip) 
Meiotio 
count 

No. of 
plants 
examined 

O.acetosella Durham 11 
Scarborough 22 11 1 
Poland 22 - 1 

O.montana Nova Scotia 22 1 
O.orep^ana C a l i f o r n i a 22 11 

The chromosomes are small, but there i s a marked variation i n 
s i z e . A karyotype analysis has been carried out i n the sMie way as 
for Maianthemum (p. 4 7 ) • 51g4i shows the chromosomes, photographed 
a f t e r they have been sut and arranged on a card. The pair s are 
arranged i n order of s i z e atnd measured. The largest i s taken as unity 
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and the length of each of the others expressed as a fraction of 

Vhe l a r g e s t . A symmetry index, of the r a t i o of the short arm to 

the long arm, i s also worked out. The data. obtained, and the graphs 

plotted from them, are shown i n F i g s . 41 w d 42 and summarised i n 

Table 44,. 

I t w i l l be seen that the s i z e ranges i n O.acetosella and 

O.montana are very s i m i l a r ; so far as can be judged, the absolute 

s i z e s are about the same (4-8 microns). The karyotype formulae 

a r e i -

O.acetosellat 4 median + 5 submedian 2 subterminal 

O.montanat 4 median + 4 submedian + 3 subterminal 

The correspondence i n s i z e and symmetry i n the two species i s 

not exact, but on the basis of the small sample examined, i t i s not 

possible to say that there i s a s i g n i f i c a n t difference. 

The karyotype formula of O.oregana i s 4 median + 5 submedian 

••• 2 subt«xiiiinal| but here there i s rather l e s s difference i n size 

between the smallest and the largest chromosomes, and t h i s m i ^ t be 

a s i g n i f i c a n t difference, i f i t could be established i n a larger 

sample. But ce r t a i n l y the data, so f a r as they go, support the 

morphological evidence, i n indicating close s i m i l a r i t y between 

O*aoetosella and O*montana. 
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Table 44 

Karyotype analysis of somtio chromosomes 

of O.acetosella, O.montana and O.oregana 

Chromosome pair Short Long Siymmetry Total Length Centromere 
number arm arm index length index position 

O.aoetosella 
1 4.0 4.0 1.0 8.0 1.0 Median 
2 2.2 3.3 0.6 5.5 0.7 Submedian 
3 3.0 3.5 0.9 6.5 0.8 Submedian 
4 2.7 3.8 0.7 6.5 0.8 Submediw 
5 2.2 3.9 0.6 6.1 0.75 Sulianedian 
6 2.7 2.7 1.0 5.4 0.7 Median 
7 2.7 2.7 1.0 5.4 0.7 Median 
8 1.4 3.6 0.4 5.0 0.62 Subterminal 
9 1.4 3.6 0.4 5.0 0.62 Subterminal 

10 2.5 2.5 1.0 5.0 0.62 Subterminal 
11 1.4 2.6 0.5 4.0 0.5 Submedian 

O.montana 
1 4.0 4.0 1.0 8.0 1.0 Median 
2 2.7 4.8 0.6 7.6 0.95 Submedian 
3 3.4 3.4 1.0 6.8 0.85 Median 
4 3.3 3.3 1.0 6.6 0.8 Median 
5 2.2 3.8 0.6 6.0 0.75 Submedicm 
6 2.2 3.8 0.6 6.0 0.75 Submedian 
7 2.0 3.4 0.6 5.4 0.7 Submedian 
8 1.6 3.8 0.4 5.4 0.7 Subterminal 
9 1.4 3.6 0.4 5.0 0.62 Subterminal 

10 1.4 3.6 0.4 5.0 0.62 Subterminal 
11 2.0 2.0 1.0 4.0 0.5 Median 

O.ore^na 
1 3.5 3.5 1.0 7.0 1.0 Median 
2 3.1 3.1 1.0 6.2 0.9 Median 
3 2.7 2.7 1.0 5.4 0.8 Median 
4 2.3 3.1 0.8 5.4 0.8 Submedian 
5 2.7 2.7 1.0 5.4 0.8 Median 
6 1.7 3.4 0.5 5.1 0.7 Submedian 
7 2.0 3.0 0.6 5.0 0.7 Submedian 
8 1.4 3.6 0.4 5.0 0.7 Subterminal 
9 1.4 3.6 0.4 5.0 0.7 SubtemLnal 

10 2.3 2.7 0.9 5.0 0.7 Submedian 
11 1.4 2.9 0.5 4.3 0.6 Submedian 
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Bfeloais i n Q«acetosella 

I t has not been possible to obtain meiotio stages i n O.montana^ 

par t l y because we had so few plants i n cultivation, but I t has been 

studied i n plants of O.aoetosella ftom Durham, Scaxborou^ and Polemd. 

This could only be done by taking many samples to obtain buds at 

the r i ^ t stage (often rather early i n the year, i n February and 

March). The squash technique used was s i m i l a r to that described 

already (p. 4 6 .) for Maianthemum* 

Diakinesis i s d i f f i c u l t to f i n d and analyse, but i t was seen 

i n stocks ftrom Durham (RLg. 43-1) and Soarborou^ (H-g« 43-2) . There 

i s a marked v a r i a t i o n i n the length of the bivalents at t h i s stage. 

Metaphase I plates have been seen i n side view i n the 

Soarborou^ and the P o l i s h materials (Pigs. 43-3 and 43-4 

r e s p e c t i v e l y ) ; the bivalents are of almost the same s i z e . 

Anaphase I stages were seen i n a l l three stocks; the E n g l i i ^ 

material (Sigs. 43-5, 43-7 and 43-8) and the Polish material 

(Pig. 3 - 6)are i l l u s t r a t e d . Eleven d a u ^ t e r chromosomes are 

countable at each pole, a l l of the same s i z e . 

Anaphase I I has been observed i n only one stock, Durham, 

Pig* 43-9, ^ e r e 11 chromosomes are countable at each pole. 

Meiosis i n O.oregana 

This was studied i n both the Wisley and Califomian diploids; 

the f i r s t i s ^ t e flowered, the second pink-flowered. The only 

countable preparation obtained was a t early metaphase and showed 

11 bivalents. 



i l g , 43 ISeiotlo stages i n O.aoetosella 

43-1 Diakinesis i n Durham material, 11 bivalents. 

43-2 Diakinesis i n Soarborou^ material, 

11 Mvalents* 

43-3 Metaphase I i n Pol i s h material, 11 bivalents. 

43-4 Metaphase I i n Durham material, 11 Mvalents* 

43-3 Anaphase I i n IXirham material, 11 

chromosomes at eaoh pole. 

43-6 Anaphase I i n P o l i s h material, 

11 chromosomes at each pole* 

43-7 Anaphase I i n Scarborou^ material, 

11 chromosomes a t eaoh pole. 

43-8 Anaphase I i n Durham material, 

11 chromosomes a t each pole. 

43-9 Late anaphase I I i n Durham material, 

11 chromosomes i n eaoh polar s e t . 
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The t r i p l o i d O.oregana ( l A i t e flowered) obtained from H s l e y 

was also examined, but only tetrad stages were found, and these 

were i r r e g u l a r with many micronuclei. This plant produced 

capsules when pollinated by a diploid, but the capsules were 

empty at maturity} i t appears to be h i ^ l y s t e r i l e . Nothing i s 

known about i t s o r i g i n . 
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CHAPTER 10 

Hybridization Experiments 

The morphology of the flower i n the three species of Oralis 

selected for t h i s study i s fundamentally similar, and the plants 

are, with one exception, self-compatible. The s l y l e s i n a l l these 

plants project beyond the outer larger r i n g of stJunens, but 

occasionally some va r i a t i o n i n length i s observed irtiere they become 

equal to the stamens, or s l i ^ t l y shorter. I t was only i n one 

case, a plant from Poland, that the number of stamens was found to 

be f i v e instead of the normal 10, (A5, 7 ) . I n other respects, 

including chromosome number, t h i s plant was normal. Meiristic 

v a r i a t i o n i n number of f l o r a l parts was found i n a plant from 

Scarborough which was grown i n the greenhouse, but the wild 

population appeared to be perfectly normal. 

As has already been pointed out, (p.9S ) there i s a 

considerable period of overlap i n the flowering season of a l l three 

taxa, a fact that made hybridization possible* ' I n the following 

pages our hybridization escperiments w i l l be described and discussed. 

The method used i s to emasculate the flowers before the stamens 

reach maturity, and i t i s sometimes necessary to dissect out one 

peta l i n order to reach the stamens. The flowers tend to fold i n 

and close idien the weather becomes du l l and cold. Dusting of pollen 

i s cfirried out by brushing a lihole anther against the stigmas and 



1 1 5 

repeating t h i s \s4ien necessary. A l l the experiments were carried out 

i n an insect-proof greenhOTise. 

S e l f i n g and i n t r a s p e c i f i c crosses 

Before describing the hybridization experiments, a word should 

be s a i d about seed-set i n the gfpecies themselves. Many s e l f -

p o l linations have been made, on variotxs stocks of O.acetosella 

and these regularly produce seeds i n about 30 days, the number of 

seeds per capsule being 6-15, ^lith. a mean of 9» I n the summer, 

cleistogamous flowers regularly follow, and these too produce 

seeds at about the same time and i n the same numbers. Selfing of 

open flowers of O.montana has not been done, but the cleistogamous 

capsules and t h e i r productivity are both very similar to those of 

O.acetosella. !Ehe seeds i n both are longitudinally ridged and 

measure on the average 2 x 1.5 mm. Kechanism of seed dispersal i n 

a l l three northern hemisphere species i s mechanical; the capsules 

dehisce by s l i t s along the sides and the seeds are shot out l a t e r a l l y . 

This i s largely b r o u ^ t about by the drying up of the mucilagenous 

layer that surrounds the individual seeds, (Eidley 1930} V.Royale 1918). 

Successful crosses have been protected against loss of seeds by 

simply covering the developing ovary by a l i ^ t bag of well-ventilated 

paper with the w e i ^ t of the bag suspended on a bridge of hard 

paper. 

O.oregana does not produce cleistogamous flowers, and early 

experiments seemed to indicate that i t was self-incompatible. The 

most recent experiments are summarised i n Table 45. 
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Table 45 

Pollination of O.oregana. 

stock (D5. ^) Califomiar April-liay 1967 

Procedure No. of 
flowers 
treated 

Result No. of seeds 
produced 

Flowers l e f t i n t a c t 15 Ovaries not 
stimulated 

No seed-set 

Plowers selfed 
one dusting of pollen 

Plowers selfed, 
several dustings 

12 

2 

Ovaries not 
stimulated 

Seed set 

No seed-set 

3 

Plowers pollinated from 
another flower on 
same plant 1 Seed set 3 

Plowers pollinated from 
another plant of same 
stock 1 Seed set 5 

These experiments are obviously not conclusive and further 

investigation i s needed. There i s obviously a tendency to s e l f -

incompatibility, t h o u ^ t h i s can apparantly be overcome by 

repeated pollination. We t h o u ^ t that the plant m i ^ t be 

heterostyled and that fsdlure of s e l f i n g m i ^ t be to t h i s 

phenomenon, but Professor H.6. Baker ( i n correspondence) says that 

i t i s not. I t i s however, of interest to note that the two 

cultures of O.oregana received recently from Professor Baker show 

substantial difference i n s t y l e , size and shape from the material on 
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which we have carr i e d out our present experiments. I n one 

s t r a i n the s t y l e s are longer than the stamens, i n the other they 

are considerably short and are well below the stamens. 

I n t e r - s p e c i f i c crossesi 

{a) O.acetosella and O.montema 

D i f f i c u l t i e s were met with i n making t h i s cross, partly 

because of the non-coincedence of flowering time and partly 

because of the not veiy abundant flowering of the two montana 

stocks available. The r e s u l t s are shown i n Table 46. 



1 1 8 
Table A6 

Crosses between O.acetosella and O.montana 

Seed 
parent 

Pollen 
parent 

No. of 
flowers 

pollinated 
No. of 

capsules 
No. of 
seeds 

Time for 
capsule 

to mature 

ac e t o s e l l a montana 
A4, 8 
A5, 7 

B1, 1 
B1, 1 

4 
3 

0/4 
3/3 

0 
3,1,3 

7.4-11.5.65 
17.3-14.5.66* 

montana acetosella 
B4, 2 
B4, 2 

A5, 1 
A5,15 

3 
4 1/4 

3 
0 

12.4-19.5.65 
19.6-12.7.66® 

* development of ovary to maturity took 8 weeks instead of 
the usual 4 weeks. 

@ the capsule developed normally and then dried up. 

Table 4̂  shows that the y i e l d of seed was very poor, averaging 

l e s s than one seed per capsule; but i n view of the small number of 

experiments that was possible, too much w e i ^ t must not be put on 

t h i s r e s u l t . 

(b) O.acetosella and O.oregana 

These species flowered at about the same time, and i t was 

f a i r l y easy to make crosses. The r e s u l t s are given i n Table 4$« 

Taking f i r s t the crosses i n irtiich O.acetosella was the seed 

parent, i t can be seen that the 30 pollinations made i n 1965 

produced only two capsules, each of which contained one or more 

seeds. None of these germinated, and i t i s not possible to assess 
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Table Atl 

Crosses between O.acetosella and O.oregana 

Seed parent 
t 

Pollen 
parent 

ETo. of 
flowers 
p o l l . 

No. of 
capsules 

Time for 
capsule 

to mature 
Remarks 

1965 

a c e t o s e l l a ore^ana 
A5, 1 D5, 3 30 2 16.4-13.5 One capsule 

with 3 seeds 
the other with 
one seed. 

1966 

a c e t o s e l l a ore^iiana 
A2, 1 D5, 3 1 1 25.4-25.5 Capsule develop

ing normally, 
but seeds 
imperfect. 

A4, 2 D5, 3a 1 1 27.4-22.5 H 

A5, 4a D5, 3f 2 2 28 .4-15.5 n 

A4, 5b D5, 3e 1 1 25.4-24.5 n 

A4, 5a D5, 3e 4 4 20.4-24.5 n 

A4, 5b D5, 3d 3 3 25.4-23.5 I t 

A4, 9a D5, 3e 1 1 24.4-13.5 I I 

A4,lGa D5, 3 2 2 11.4-14.5 I I 

A4,11 D5, 3 1 1 7.5-22.5 I I 

A5, lb D5, 3b 2 2 21.3-12.5 n 

A5, 7o D5, 3 1 1 28.3-13.5 n 

A5, 7b D5, 3 1 1 20.4- 5.5 I I 

A5, 9 D5, 3e 1 1 25.4-22.5 H 

A5,l0a D5, 3e 1 1 27.4-27.5 I t 

15,15 D5, 3b 3 3 28 .4-17.5 I I 

A6, 3 D5, 3f 2 2 28.4-24.5 I I 

D5, 3a 
D5, 3a 
D5, 3d 
D5, 3f 
D5, 3f 
D5, 3a 

A5, lb 
A5, 7 
A5, 7a 
A5,15 
A5,11 
A4, 5 

1 
4 
4 
2 
1 
3 

f a i l e d 
ti 
H 

I I 

I I 

I I 
1 

25.4-14.5 
20.4-14.5 
20.4-12.5 
20.4-12.5 
22.4-12.5 

3.4-14.5 
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the significance of t h i s resxilt, t h o u ^ i t i s possible that the seeds 

were accidental s e l f s . This i s made more l i k e l y by the numeroxis 

r e s u l t s of 1966. Here, a l l the pollinations, on a variety of seed 

parents, produced capsules, which matured i n the normal four-week 

period, but the seeds were always imperfect. The seed-coat was 

well developed, but only a small amount of .^endosperm was produced. 

I n Pig. 44, squash preparations with developing endosperm (four 

weeks old) are shown. The method followed for t h i s preparation i s 

that of Maxwell and Valentine (l966 ) • 

The reciprocal cross, O.oreaana x O.acetosella f a i l e d 

completely; the ovary i s not stimulated to develop by pollination, 

and there i s no evidence that f e r t i l i z a t i o n takes place. I t i s 

noteworthy that the s t y l e of O.oregana used i n t h i s cross i s 

never l e s s than 10 mm long, while that of O.aoetosella i s never 

more than 7 mm. I t i s thvus possible that the pollen of O.acetosella 

i s unable to grow strongly enou^ i n the s t y l e of O.oregana to reach 

the ovules. 

This cross provides ejo. excellent example of seed incompatibility. 

The difference i n the reciprocal crosses i s c h a r a c t e r i s t i c , as i s 

also the incomplete development of the seed i n the O.acetosella x 

oregana cross. The r e s u l t can be taken to demonstrate positive 

genetic a f f i n i t y between the species; i n that they are crossable 

to produce at l e a s t hybrid endosperm; on the other hand, the f a i l u r e 

to produce viable seed or hybrids may be taken, with due caution, to 

indicate the not very close relationship between the species. I t i s 

xmfortunate that from the other cross, acetosella x montana^ no 
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r e a l l y firm conclusions can be drawn, because of inadequate data. 

The seeds produced i n the crosses did not germinate (for germination 

d i f f i c u l t i e s see Chapter 11). 



E l g , 44i Dissected ovules of the cross 

(a) O.oregana ^ x O.acetosella $ 

I n both Pig. 44-1 and 44-2, no stimulation 

of ovary i s observed, and no sign of 

f e r t i l i z a t i o n i s seen. 

(b) O.oregana S x O.acetosella ^ 

I n both Pig. 44-3 and 44-4 the ovary 

i s stimulated following p o l l i n a t i o n , 

but the endosperm i s poorly developed, 

and the ovule contains a small mass 

of i t . 

( c ) Longitudinal section of the 

mature seed of a normal cross i n 

O.acetosella. 

N.B. A l l are of the same age 

of four weeks following 

p o l l i n a t i o n . 
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CHAPTER ELEVEN 

Germination Experiments 

An xmexpected d i f f i c u l t y i n t h i s study i s that the seeds of 

Oxalis species have germinated very badly. As already mentioned, 

t h i s has severely hankered experiments on ecotypic differences, 

and also made i t impossible to multiply rapidly stocks of overseas 

material, especially O.montana. 

The seeds of O.acetosella and O.montana have been described 

above. They weigh about i ,5 f f l^and are endospennic with s t r a i ^ t 

embryos. Those of O.oregana are larger i n si z e , 3.3 x 2.4mm. and 

the r i b s on thei r surface are irregular, forming a network. 

The seeds were normally sown i n pots on John Innes compost 

i n autumn, and exposed to winter temperatures i n a cold greenhouse. 

The r e s u l t s for seeds sown i n the autumn of 1964 and the spring 

of 1965 are given i n Table 48. A l l seeds are from cleistogamous 

or s e l f e d flowers. 

I t i s evident from Table 48 that a period of two years i s 

necessary for the i n i t i a t i o n of germination. The seeds seem to 

require at le a s t two winters before germinating and even then a 

very low percentage i s obtained. The experiment was repeated i n 

the season 1965-66 and the r e s u l t s are shown i n Table 49. 



Table 48 

(Termination of Oxalis seeds, season 1964-65 

Code Taxon Date of 
sowing 

No. of 
seeds 

Germination 
1965 1966 

A4, 11 

M, 7 
A4, 5 
A4, 8 

A3, 1 

O.aoetosella 
I I 

"(pink) 
11 

I I 

I I 

I I 

n 

H 

n 

11 

Sep.'64 
I I 

I I 

n 

n 

I t 

n 

May '65 
n 

Sept.'64 

Feb. '65 

15 0 1 
15 0 6 

15 0 6 

15 0 0 
15 0 1 
15 0 2 
15 0 0 

15 0 4 

15 0 0 

15 0 0 

15 0 2 

Total 
Percentage germination 165 22« 

1 3 % 

B l , 1 [ O.montana 
Percentage germination 

Sep.64 15 3 

207o| 

B5, 3 O.oregana 
n 

Mar.'65 
n 

10 

10 

0 

0 

0 

0 
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Table 4^ 

Grermination of Oxalis seedSf 

A l l seeds s o t o on November l e t 1965. 

Seeds collected f^om eelfed capsuleB June-Aggustf 1965. 

Code Tason No. of 
seeds No. germinating 
sovn 1966 1967 

A1, 1 O.acetosella 90 0 0 

A2, 1 ti 30 0 0 

A2, 2 M 60 0 0 

A3, 1 n 60 0 0 

A3, 2 60 0 0 

A4, 3 » 60 1 5 

A4, 4 n 10 0 0 

A4, 5 « 30 1 1 

A4, 6 w 15 5 4 

A4, 7 n 60 18 5 

A4, 9 I I 15 4 4 

A5, 1 It 10 0 0 

A5, 9 H 90 11 4 

A5,1G I I • 40 4 2 

A5,11^ I I 90 6 2 

A5,15 fi 90 4 6 

Total 810 54 33 

Percentage 
germination 1966 

1967 
7 

10.7 
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The r e s u l t s for germination for O.acetosella show a germination 

of 0 per cent i n 1964-65, 6.7 per cent i n 1966, and 10.7 per cent 

i n 1967 (Table 49). I t i s noteworthy that h a l f of t h i s germination 

came from two samples, M, 7 (S.Germany) and A5, 9 (Durham). I n 

both cases, zreplicate samples showed l i t t l e or no germination, and 

i t i s not easy to fi n d an explanation of t h i s . 

I t was t h o u ^ t worth iriiile to carry out a few germination 

experiments, and a b r i e f account of them w i l l be given here. 

For the f i r s t experiment, 2000 seeds were collected, a l l from 

O.acetosella i n one l o c a l i t y . These were then, given a seri e s of 

e i ^ t treatments, i n which l i ^ t and dark, presence and absence 

of 2000 p.p.m. of gib b e r e l l i c acid, and h i ^ and low temperature 

(23°C. and 5°C.) were combined i n a l l possible ways. The 

experiment was further elaborated by moving batches of seed from 

l i ^ t to dark and from wara to cold, and back, at 24 hour i n t e r v a l s . 

None of these treatments produced any germination during the period 

December 1965 to July 1966, except one, and t h i s was that i n which 

the seeds were kept under cold, dark conditions. The relevant 

data are given i n Table 50. 
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Table 56 

Germination of treated seeds of 

Ora l i s acetosella 

Code No. of 
seeds 

Percentage 
germination 

Prevailing 
conditions 
Dec.'65 -
July 1966 

Previous 
treatment 

Nov.-Itec.'65 

l ) With g i b b e r e l l i c acidt 
A, 14 

A, 18 

A, 21 

A, 5 

60 

60 

60 

20 

93 

100 

93 

100 

2) Without g i b b e r e l l i c acidi 
A, 15 

A, 25 

A, 29 

A, 7 

60 

60 

60 

20 

93 

70 

56 

65 

cold, dark warm dark, 
cold dark. 

cold dark, 
cold li f i j i t 

cold, dark 

cold, dark 

(stationary under cold dark) 

warm l i g ^ t , 
cold dark. 

cold, daric 

cold, dark 

cold, dark 

cold, dark (stationary) 

warm dark. 
cold l i ^ t . 

cold l i ^ t , 
cold dark. 

warm l i ^ t , 
cold dark. 

I t i s clear from Table §0 that g i b b e r e l l i c acid had l i t t l e or 

no e f f e c t on germination. I t i s perhaps, surprising, i n view of 

the success of the cold, dark treatment, that the vernalisation of 

the seeds i n s o i l , ^xoh was the treatment given i n the winters of 
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1964-65 (Table 48) and 1965-66 (Table 49) provided so l i t t l e 

r e s u l t . I t i s possible that i n a mild winter, the exposure 

to cold would be of too short duration, and that a second winter 

i s needed to complete the treatment. 

I n a supplementary experiment, carr i e d out at the same time, 

exposure to about zero temperature for a month, followed by a 

period of 10°C. i n the l i ^ t , produced no germination. Attempts 

to produce germination by softening the tes t a by treatment with 

sulphuric acid also produced no r e s u l t . 
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A Note on O.lactea and O.magellanica 

O.laotea Hook i s a species found i n Tasmania, Australia and 

New Zealand which appears to be r i ^ t l y placed i n the Acetosellae. 

I t d i f f e r s from O.acetosella i n i t s pure white flowers, irtiich do 

not have coloured veins or a yellow base, iand i n i t s generally 

smaller s i z e . O.magellanica Ftsrst i s a taxon found i n S.America, 

irtiich has sometimes been included i n O.lactea. 

Material of O.lactea was received from New Zealand and of a 

plant said to be O.magellanica from the garden of Dr. D.P. Young, 

but the plants were d i f f i c u l t to cu l t i v a t e and few signi f i c a n t 

observations were made. 

As regards germination, ten seeds of O.laotea (E5, i ) sown 

i n August 1965 produced 0 percent germination i n 1966 and 50 percent 

germination i n 1967» The seeds are very small (0.8 x 1.0 mm). 

Seeds of O.magellanica (C4, l ) sovm i n November 1965 produced no 

germination i n 1966 and 1967. Thus these two taxa seem to require 

at l e a s t two years, i . e . two winters, before any germination i s 

induced, i n t h i s they are similar to species of the Northern 

hemisphere. 

I t has been possible to do some hybridization experiments 

between O.magellanica and O.acetosella. A l l crosses, including 

the reciprocals, completely f a i l e d and no stimulation on the development 

of the ovary i s observed. About 35 crosses were done, i n 1965. 
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CHAPTER TWBL7E 

Discussion of Morphological findings 

We have discussed e a r l i e r i n t h i s part of the findings and 

the opinions of the American botanist, Fernald, i n connection wi-tix 

the American taxon O.montana and i t s r e l a t i v e the European 

O.aoetosella^ and we have come to the conclusion that the American 

plant i s best treated as a subspecies of the European. I t i s 

important now to review the opinions of other workers on th i s 

section of the genus Oxalis. 

I n dealing with O.acetosella. Hulten (l958), says "the 
American plant, at f i r s t taken to be i d e n t i c a l with the European 

and very similar i n general appearance, d i f f e r s i n having narrower 

emarginate petals, a more depressed, globose capstxle, more 

obsoletely ribbed seeds, and i n the different c i l i a t i o n of the 

sepals" and that the plant should be taken as a subspecies of 

O.acetosella. Dr. D. IiJve (personal communication) says that 

"As Hulten f a i l e d to validate h i s transfer of O.montana Raf. to 

subspecific status, t h i s has been done for him by D. Love (1968)". 
Our evidence supports both Hulten and Love. 

Hara (l952) expressed the opinion that the American plant 

O.montana was not s p e c i f i c a l l y d i s t i n c t from O.acetosella. He 

states that, "the s p e c i f i c d istinction between the European and 
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the American plants, pointed out by Pernald, seems to me to be 

untenable, and. some Japanese specimens have oblong, emarginate 

petals, d i s t i n c t l y c i l i a t e sepals, and depressed capsules as i n 

the American plants. They have slender rhizomes and broad 

obcordate leaves with round lobes. Hara thus considers the two 

taxa as part of one and gives the geographical distribution for 

the European O.acetosella as extending into N.America. He also 

stated that O.acetosella was common i n cool, coniferous woods on 

h i ^ e r mountains i n Japan? and l a t e r (l966), he pointed out i t s 

occurrence at high alti t u d e s i n the Himalaya, e.g. i n Sikkim at 

3000m. i n Rhododendron scrub. We have seen several herbarium 

specimens i n the B r i t i s h Museum from h i ^ mountains i n Asia and 

Japan (Table41 ) , irtiich are id e n t i f i a b l e as O.acetosella. We 

have been luiable to confirm the reported plants with depressed 

capsules and emarginate petals i n a l l the herbarium specimens of 

Asian and Japanese origin. These characters are seen only i n the 

American plants and are i n our opinion enough to distinguish the 

N.American plants from the European and A s i a t i c material. 

Hara also referred to another taxon, f i r s t as subspecies 

japonioa (Pranch and Sav.) Hara and l a t e r as subspecies g r i f f i t h i i 

(Edgew and Hook f.) Hara, (Plate f ) . This taxon occurs at lower 

a l t i t u d e s i n both Japan and Sikkim (Appendix ) . I t di f f e r s 

from t y p i c a l O.acetosella i n having thicker rhizomes, that are also 

different i n being densely covered by petiole bases (Plate t ) and 

i n having larger and more obtriangular l e a f l e t s , with more divaricate 
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obtuse lobes, larger capsules and larger seeds. I t appears to be 

d i s t i n c t from subspecies acetosella i n Sikkim, but according to 

Hara intermediates between the two subspecies occur i n Honshu 

provence of Japan. Like subspecies acetosella^ subspecies 

g r i f f i t h i i has 2n » 22. 

Knuth (1930) describes the plant as a species 0 . g r i f f i t h i i 

Edgew and Hook, and c i t e s several h i ^ altitude l o c a l i t i e s for i t 

i n the Himalaya. No reference i s made to the altitude factor i n 

China and Japan, but i n Formosa the plant i s found at 2600 m. 

Dr. Love ( i n correspondence) i s of the opinion that t h i s taxon 

should be considered as a separate species i m t i l further cytological 

information i s obtained. Our evidence c l e a r l y reveals that t h i s 

taxon i s larger than subspecies acetosella, and has several other 

characters, such as shape of l e a f l e t s and capsule, that nark i t 

o f f even from O.oregana the largest of the Acetosellae group 

studied i n t h i s t h e s i s . 

The A s i a t i c taxa presented i n the map Hg. 3 6 and i n the key 

I p«94 ) need further investigation. I t would be of interest i f 

the relationship between O.obtriangulata^ 0 . g r i f f i t h i i , and 

O.hupehensiSf i s c l o s e l y examined. They have a considerable area of 

overlap and hybridization i s possible. I t appears that the taxon 

O.leuoelepis R. Knuth, i s a possible population of intergrading forms 

between 0. g r i f f i t h i i and O.hupehensis. Khuth describes i t as a synonym 

for either. Further investigation of these taxa i s obviously needed. 
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To sum up ovoc findings, the data are presented i n Table 5 1 

and i n Pig. 45. The Table shows thati 

(1) O.oregana and 0 . g r i f f i t h i i are larger i n s i z e than 

O.acetosella and O.montana. 

(2) the most cl o s e l y similar taxa are O.montana and 

O.acetosella. 

I n addition there are other important differences marking off 

O.oregana from the r e s t ; these are given on page 1 0 1 . L i t t l e i s 

known of the Japanese and A s i a t i c 0 . g r i f f i t h i i and i t would be of 

great i n t e r e s t to grow the Japemese taxa alongside the American 

and the European and i n p a r t i c u l a r to look for physiological and 

genetical differences such as flowering time cleistoganjy, 

compatibility, and a b i l i t y to cross with other related taxa. 

Apparently i s i s only i n Asia that O.acetosella has been able to 

invade the h i ^ mountains. I t may well be that the ancestral 

circumpolar species i n t h i s group resembled morphologically 

subspecies acetosella; and that i n N.America th i s gave r i s e to 

subspecies montana. 

The attempts to grow and cross O.laotea with other species 

(p. 128 ) indicate that the southern hemisphere species may not be 

able to exchange genes with those of the northern hemisphere. 

L i t t l e i s known of the biosystematics of groups vfliich have 

representatives i n both northern and southern hemispheres; and i t i s 

hoped that further experiments can be made. We w i l l deal i n the 

general discussion with other points of phytogeographical i n t e r e s t . 



1.3-3 
Table 51 

The taxa and t h e i r s i m i l a r i t i e s and differences 

A l l herbarium data except No. 18 

Character oregana g r i f f i t h i i acetosella montana 

1 
d 

Leaflet obcor^te + + 
2 Lea f l e t l a t e r a l 

lobes rounded + + + 

3 L e a f l e t s pilose on 
both sides + + + 

4 Lamina !>• 25mm wide + + -
5 Midrib > I5mm long + + -
6 Petiole > 90sm + + - -
7 Pedicel > 80mm + + - -
8 Flower > I5mm long + + - -
9 P e t a l > 5 ™ wide + + - -

10 Petal undulate 
emarginate a t apex - + + 

11 Sepal emarginate - - + -
12 Capsule > 8mm long + + - -
13 Capsule ^ 4^ wide + • + - -
14 Capsule pointed at 

apex + + + -
15 with c l e i s t o g ^ o u s 

flowers _ + + + 
16 Rhizome slender 

sparsely pubescent + + 

17 Bhizome thick 
densely pubescent + + - -

18 Plant sets seeds 
f r e e l y on s e l f i n g - + 



F i g . 45 Morphology of Oxalia species 

Polygon presentation. 

The characters plotted along the r a d i i , 

i n the following manneri Herbarium data. 

A. Lamina width at apex. 

B. Width of lamina a t midpoint. 

C. Midrib length. 

D. Petiole length. 

E. Pedicel length. 

P. Flower length. 

G. P e t a l width. 

H. F r u i t length. 
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CHAPTER THIRTEEN 

General Discussion 

I n t h i s f i n a l discussion, we s h a l l deal with some of the broad 

points of resemblance and difference between Oxalis and Maianthemum 

from the point of view of evolution and geographical distribution. 

I f we leave out of account the S.hemisphere representatives of 

the section Acetosellae^ then the distribution of the two groups 

we have dealt with shows a s t r i k i n g s i m i l a r i t y , as well as some 

points of resemblance i n the pattern of variation, thusi-

Geographical area Genus Maianthemum Genus Oxalis 
section Acetosellae 

Europe M.bifolium 
subspecies bifolivim 

O.acetosella 
subspecies acetosella 

Asia (including 
Japan) 

M.bifolium 
subspecies bifolium 

O.acetosella 
subspecies eusetosella 
0 . g r i f f i t h i i 

M.dilatatum 
var.kaintschatichum 
var. vegetior 

0.obtriangulata 

C.& E.North America M. bifolium 
subspecies canadense 
subspecies i n t e r i u s 

O.acetosella 
subspecies montana 

P a c i f i c north-west M.dilatatum 
var.dilataturn 

O.oregana 
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Stebbins (1950 p.53l) says "The conteinporaiy distribution 

patterns, l i k e the external appearance and genetic constitutions 

of the organisms themselves, are the end r e s u l t s of the interaction 

of variovis evolutionary processes and of changes i n the eaxth. 

surface and climate over long periods of time. I f , therefore, two 

or more unrelated groups of organisms have id e n t i c a l or similar 

modem pattern of distribution, we can l o g i c a l l y infer that their 

evolutionary history have been similar, a t l e a s t i n certain 

respects and during the more recent periods of geological times." 

The va r i a t i o n a l pattern of our two groups i s very similar, 

and i n both cases the European, A s i a t i c , C & E.N. American vicarious 

taxa are different, though most of the differences are estimated to 

be only a t the subspecific l e v e l ; i n both cases the P a c i f i c 

northwest taxa are d i s t i n c t from the European and C. & E.N. American. 

I n Maianthemum C. & E.N. America shows a maximum degree of variation, 

iftiereas the maximum centre of variation for northern hemisphere 

species of the section Acetosellae i s possibly i n eastern Asia and 

Japan. The European taxa of both groups are very stable. I t i s 

also of in t e r e s t to note that the two most d i s t i n c t taxa i n both 

groups of plemts are found on the forest floor of the Redwoods of 

P a c i f i c North America. The Redwoods have had an interesting 

h i s t o r y (Ghaney, 1948) and the P a c i f i c northwest apparently had a 

different climatic history which could have resulted i n the 

l o c a l i z a t i o n of these and other species (Japson 1951)• 
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Vicariism i n most of the taxa investigated i s mostly horizontal, 

the taxa replacing each other geographically i n a ciroumpolar manner. 

I n eastern Asia, i n the oase of O.acetosella^ vioariism appeaurs to be 

a l t i t u d i n a l , i n that t y p i c a l acetosella^ absent from the lowlands, 

i s found i n the mountains, partly mingling with another taxon, 

O . g r i f f i t h i i , vhlch i s mostly of lowland distribution. 

Probably the most important h i s t o r i c a l events vhioh have 

influenced the dis t r i b u t i o n of plants of the north tenqperate f l o r a 

are the glaciations. According to Pemald (l929) and Cain (l944), 
these have had almost the same sequence i n Europe and N.America, 

with one major difference. The main mountain series i n Europe 

runs from east to west, that i n N.America from north to south. 

This has affected the extent of plant migration, and has 

probably l e d to the extinction i n Europe of many species irtiich have 

been able to survive i n N. America. Hara (l962) writes "Most 
ten5>erate genera which constitute the present florfc of Japan had 

already been differentiated by the middle Tertiary, and many 

temperate plants of ancient origin, including the so-called 

Aroto-Tertiary elements were l a t e r greatly distvirbed i n Europe 

and westezm N.Amsrica, but have survived i n Japan and eastern 

N.America, mainly because of the mild climate during the Ice Age 

and the present temperate climate of well distributed r a i n f a l l . 

The g l a c i a l periods, however, have played an important role i n the 

di f f e r e n t i a t i o n of the Japanese plants which have been the same as 

the N.American ones i n the Tertiary period." Such a f f i n i t i e s 



137 
between eastern Asia and eastern N.America have long been observed 

(Gray 1846). Cain (l944) remains that many vicarious pairs of 

species i n eastern N.Amerioa and eastern Asia are exceedingly close 

to each other. Hara (1952, 1956) l i s t s several Japanese plants 

that are conspecifio with or vicarious for the European and 

N.American ones. I n our species, however, t h i s partioulsir 

phenomenon i s not found. 

Corresponding taxa on both sides of the Atlantic have been 

studied by several authors. Pemald (l920). Love (l954), and 
Marie-Yiotorin (l938) have l i s t e d many genera, including 

Maianthemum and Oxalis,. with p a i r s of taxa on either side of the 

At l a n t i c which show varying degrees of resemblance. Some of these 

authors consider the American member of any such corresponding pair 

as equally ancient as, and perfectly d i s t i n c t from, i t s r e l a t i v e on 

the other side. Pemald (l929) says that "species ^ * i c h i n America 

are confined c h i e f l y to the A l l e ^ a n i a n region w i l l be found to 

d i f f e r i n very fundamental characters from t h e i r nearest a l l i e s of 

Continental Europe." To establish t h i s further, Femald draws an 

exact p a r a l l e l to the glaciation sequence i n both the N.American 

and European continents; and i s inclined to explain the ancient 

o r i g i n as a r e s u l t of the disappearance of a North At l a n t i c 

Continent, which formerly linked America and Europe. Marie-Tictorin 

(l938) holds the same point of view; that the corresponding taxa 

"up to the present remarkably similar due to continuity of land and 
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similarity of habitat and climate", are examples of divergent 
evolution following the gradual disappearance of the former north-
Atlantic bridge. Hulten (1963), however, finds l i t t l e phytogeo-
gcaphical evidence to support the land-bridge connection. He finds 
that i n many cases most of the species are absent from Greenland, 
Iceland, and other North Atlantic Islands. In this connection i t 
may be noted that there i s no reference to the occurrence of 
Maianthemum i n any of the North Atlantic islands; as for 
O.acetosella, i t has been reported i n Iceland and the Faeroes 
(Ostenfeld and Grontved, 1934) and as having i t s refuge area i n 
Iceland during the Ice Age (Steindorsson 1963)« 

Hulten (1937) assumed that Beringia and parts of 
N.E. Asia were relatively free from ice during the glacial periods, 
and had constituted areas from which species were able to radiate 
W. E. or S. when conditions were favourable. Recent evidence 
(Jonker 1968) has indicated that i n Miocene times the forests of 
Siberia and Alaska were continuous, becoming disjunct i n the late 
Miocene. Colinvaus (196?) shown that the land bridge between 
America and Asia supported only tundra vegetation during the 
Pleistocene and that the forests did not merge again. Nevertheless, 
Hvilten's ideas for the centres of distribution i n the Bering 
region are s t i l l valid, at least as a basis for discussion. He 
l i s t s several radiation centres, as followsj 
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1« N*£* Sil^eria and Amur-Manchuria regioiu 
2. The Altai-Sajam region. 
3* North Japan. 

4. The Korthern part of the Bering Sea. 
5. From the YiJkon Valley along the Arctic coast. 
6. The Arctic Archipelago. 

7. From the State of Washington along the American coast, 
or the Rocky Moxmtains to Alaska. 

According to Eulten M.bifoli\im has i t s centre i n eastern Asia, 
di lata torn i n the Bering Sea area. I t i s possible to assume that the 
American populations are migrants from the Eurasiatic centre. The 
same treatment i s possible for O.acetosella agg., i n that the main 
centre i s eastern Asia. As for O.oreaana^ l i ^ c h i n California i s 
restricted to the belt of Redwood transition (Jepson I 9 5 l ) , it.seems 
to have radiated from refuge areas i n the State of Washington, into 
California i n the south, and to Oregon i n the north. 

The situation for the maritime and continental Maianthemum of 
H.America has been interpreted differently by other workers. Batters 
( l 9 2 f ) i s of the opinion that there were originally two distinct 
entities, one glabrous and north eastern (canadense) the other 
pubescent and western (interius). These could have developed into 
two perfect species had there been any strong barrier between them. 
The two taxa, he believes, were disturbed by the glaciations and on 
migration north, east, and westwards, they met each other i n the 
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northern part and are now i n the process of reuniting. I^ve (l959) 

thinks of the pubescent form (interius) as a "western" element i n 
the process of restocking of the flora of Manitoba, in^jlying that 
i t found refuge i n the foothills of the Rocky Mountains. In our 
opinion, subspecies interius i s morphologically and geographically, 
possible also ecologically (Love and Love 1954 - also p. 5 ) 

rather distinct from canadense and i s possibly on the way to 
becoming a distinct species. 

Our own results do not lead to any startling phytogeographical 
conclusions, though they have been helpful i n clarifying the taxonoiny 
of the species. We had hoped to find structural differences between 
the chromosomes of the different taxa, and also by hybridization 
to investigate their genetical relationships. Structural differences 
i n the chromosomes apparently do not exist, smd i t has not yet been 
possible to obtain mature hybrids. As regards polyploidy, the 
results have been interesting, but inconclusive from the. 
phytogeographical point of view. In Maianthemum^ i t would appear 
that there has been gradual evolution at the 2n = 36 level i n Valentine's 
sense (Valentine, 1949 1963), and that polyploids have arisen 
here and there, and apparently quite independently, i n different 
parts of the area of the genusj and except possibly i n M.canadense, 
polyploidy has had l i t t l e effect on the formation of new taxa. 

I t i s clearly not possible from our results to come to any 
definite decisions about the relationship between subspp. acetosella 
and montana of O.acetosella. Th^ are apparently closely related; 
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and i t i s possible that they had a comuKin origin i n E.Asia, but 
that i s a l l that can be said. O.oregana i s very distinct and 
probably originated i n Western North America at an early date. 

As regards Maianthemum^ as eastern Asiatic origin also seems 
the most probable; here subsp. bifolium would correspond to 
subsp. acetosella, and subsp. oapadense to subsp. montana. The 
position of M.dilatatun i s not so clear; the fact that, like 
O.oreggjaa i t i s part of the redwood flora of California 
(Japson 1951) may indicate that i t s p l i t off early from the main 
stock of the genus. I t s hybridization with M.bifolium, and the 
possible introgression that has been recorded, may be a later 
oocxu?rence. 
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Sources of the herbarium specimens! 

In the following Appendix, the localities examined are 
enumerated with reference to the region or area. The plants 
for both Maianthemum and Oxalis are borrowed from the following 
herbariai 

1. Cambridge University 

2. Durham University 
3. Dublin University 
4. Harvard University 
5. Munich University 
6. Manchester University 
7. The New York Botanical Garden 

A good many herbarium sheets have also been examined at the 
British Museum (Natural History). 

In preparation of the map Pig. 2 the exact location of 
some of the localities has been obtained from the "Index 
Gazeteer to the TIMES Survey Atlas of the World" - 1922. 
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APPEITDIX 1 

Localities for Maianthemum and Oxalis 
a) Maianthemum 

1 
Taxon 

Country or 
State 

No. of 
localities 
ex£imined 

Country or 
State 

No. of 
localities 
examined 

bifolium Norway 8 Sweden 6 

Germany 5 Poland 4 
Denmark 3 Yugoslavakia 3 
Britain 3 Netherland 2 

France 2 Austria 2 

Czechoslovakia 1 Finland 1 
China 5 Japan 5 
N. Russia 3 Korea 1 

Total number of localities = 54 

dilatatum Alaska 6 California 5 
Oregon 3 Washington 5 
Vancouver Island 6 British Columb: La 1 

Russia 3 Kamtchatka 2 

Korea 1 Sa^ialin 1 
China 2 Japan 12 

Total number of localities = 47 

I 
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APPENDIX I (continued) 

Localities for Maianthemum and Oxalis. 

a) Maianthemum (continued) 

Taocon Country or 
State 

No. of 
localities 
examined 

Country or 
State 

No. of 
localities 
examined 

canadense Pennsylvania 2 New Jersey 2 
Minnesota 4 S.W, Virginia 1 
Gaspe Penn. 1 Manitoba 1 
Tennessee 1 Mass. 2 
N. Dakota 1 Connecticutt 1 
Labrador 2 Ontario 4 

Maine 2 Indiana 2 
Prince Edward 
Island 1 Quebec 3 

Michigan 2 Ottawa 1 
N.Carolina 1 Newfoundland 4 

Magdalen Islands 1 Vermont 1 
Philadelphia 1 New York 4 

Total number of localities = 45 
interius Minnesota 1 ' Manitoba 1 

N. Dakota 2 Ontario 1 
Indiana 1 Ciamberland 1 
New York 1 Rochester 1 
Alberta 3 Mackenzie District 1 
Wisconsin 1 S. Dakota 1 

Total niunber of localities o 15 
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APPENDIX 1 (continued) 

Localities for Maianthemum and Oxalis. 
b) Oxalis 

Taxon Country or 
State 

No. of 
localities 
examined 

Country or 
State 

No. of 
localities 
examined 

acetosella Eurone 20 Britain 68 

Asia India 8 Kashmir 2 
China 6 Japan 5 

Total number of localities » 109 

CTiffithii China 4 India 7 
Kashmir 1 Japan 

Total number of localities =14 

montana Quebec 9 Nova Scotia 6 

New York 6 Pennsylvania 3 
Virginia 3 Massachusetts 2 
Vermont 4 Prince Edward 

Island 
2 

Maine 1 S. Appalachian 
Region 

1 

New Brunswick 2 Connecticutt 1 
N. Carolina 2 New Hainpshire 2 

Total number of Its^SM^ea. examined » 44 

oresana California 
Oregon 

6 

4 
Washington 3 

Total number of IboailiileB examined =13 

1 i 
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APPENDIX 2 

Maianthemum Seed Collections 

^°^"^^in Tables'^^^ Taxon. locality, name of collector and date 

(1) M.bifolium^ Finland, Wusemma prov., 
Tuusula, Maantickyla, fresh spruce forest, 
col. Raya-Leena, Hamet-Ahti 26.9.1964 

(2) M.bifolium^ Finland, prov. Wusemaa, 
Provoo rural commune, Suomenkyla, 
North of Lake Papinjaru, co. Leena 

' Saaricalo 1964. 

(3) M.bifolitun^ Finland, Wosemma prov., 
Zoo. Station, Taurmine, col. H.Luther 4.1O.64 

(4) & (14) M.bifolium^ Finland, Porv. Wusemma, Espoo, 
Royla Dasbacka, col. l a r j a t t a Jsovuta 1964. 

(5) & (18) M.bifoliiun). Sweden, Uppland, Uppsalla, col. 
O.Hedberg, 1964. 

(6) M.bifolium,. Sweden, Graso parish, 
Uppland, 1964. 

(7) & (12) M.bifoliumf Sweden, Mbrkarla parish, Uppland, 
0.5 km south of "Vatvik", col. B.Jonsell 
and L. Junell, 27.9*1964. 

(a) & (11) Mjbifolium, Sweden, Almungo parish, Uppland 
1964. 

(9) M.canadensey (Canada), N.Scotia, col. 
M. J.Harvey 1964 

(10) M.dilatattun, California, University of 
British Colvmibia. 

(13) & (31) M.canadensef Lac Philippe, Gatineau Park, 
Ot^m, Canada, col. W.J. Cody, 
August 8 th , 1963. 
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APPENDIX 2 (continued) ' ̂  ' 

Taxon,. locality, name of collector and date 
(15) 

(16) 

(17) 

(19) 
(20) 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 
(29) 

(30) 

(32) 

M. bifolium, Hortus Botanicus Universitalls 
Uppsala, Suecia. 

MiJbifolium, Bot. Garden, Lund, Sweden. 

Mjbi^lium, Institute de Botanique, 
Strasbourg. 

M.bifolium^ Oulu, Finland. 
M.dilatatumf USSR. 
Mjbifolium, Pruhinice, Czechoslovakia. 
Mjbifolium, Oulu, Finland, Kiiminki. 

M.bifoliumj Oulu, Finland, Liminka. 
M.bifoliumf Oulu, Finland, Kempele. 
M.bifolium^ Botanic Garden, Ltmd, Sweden. 
M.bifolium^ I n s t i t u t ftur Spezielle Botanik 
und Arboretum, Berlin University. 

M.bifolium^ Belfause, 600 m (Fribourg) 
Nature. 

M.bifolium^ Rheinsberg, Mark 
M.bifolitmij Jardin Botanique de Dijon 1965. 

M.bifolium var. Zamtschaticum, University 
of British Columbia, Vancouver, Canada. 

M.bifolium)• Finland, Porv. of Uusimaa, 
Espoo, Royla, Dalsbacka, Spruce forest 
of Myrtillus type. col. Marjatta Jsoviita 1964 
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APPENDIX 3 

List of oolleotion of l i v i n g Maianthemum plants 

S.Genani 

Seeland 

Wrench Green 

Mumau, Bavaria 

Country and code Habitat and altitude 

M.bifolium 
Czechoslovakia 
(N1, l ) 

Switzerland 
(N2, 1) 
Switzerland 
(N2, 2) 

Denmark 
(N2, 3a, N2, 3b, 
N2, 3o) 

England, Soarborougji 
(N4, 2) 
Germany 
(H4, 1) 
Denmark 
(N3, l ) 
Czechoslovakia 
(N5, l ) 
Denmark 
(N5, 2) 
Denmark 
(K5, 3) 

Poland 
(U5, 4) 

M.oanadense 
Canada 
(Ml, 1) 
Canada 
(M4, 1) 

Zvolen 

Sieleborg 

Kas 

Sczeoin 

Morgan arboretiun 

Nova Scotia 

Collector 

D.H. Valentine 1957 

T.T.Elkington 1960 

M.E. Bradshaw 1960 

D.H. Valentine 1960 

M. Wilson 1963 

D.J. Bellamy 1964 

D.H. Valentine 1964 

D.H. Valentine 1965 

D.H. Valentine 1965 

D.H. Valentine 1965 

M. Jasnowski 1965 

D.H. Valentine 1959 

Harvey 1964 



i 4 y 

APPENDIX 3 (continued) 

Coimtry and code 
M.oanadense 
Canada 
(M6, 2) 

Canada 
(M6, I ) 
Csmada 
(M6, 3) 
Canada 
(M6, 4) 

Canada 
(M6, 5) 

M.canadense var. 
U.S.A. 
(Mv4, 1) 

Canada 
(Mv6, 1) 

M. dilatatum 
California 
(L5, t ) 

Habitat and altitude 

l i e Penot, Vaudrevil Co. 
30 miles west of 
Montreal Quebec 

Gatineau H i l l s , 
PQ, Hull 

Gatineau Park, Hull 

Harriston, Co.Wellington, 
Ontario' 
Co. Gaspe, Quebec 

interius 
Anoke Co. Minnesota 

Collector 

W.F. Grant 1966 

T. Mosquin 1966 

C. Frankton 1966 

1966 

1966 

G.B. Ownbey 1964 

Alberta, Near Edmonton J.G. Packer 1966 

South of Big Lagoon Co., 
Humboldt, California, 
on h i ^ wooded ground 
near the sea 

H M. & R.S. Beard 1959 
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APPENDIX 4 

List of collections of l i v i n g Oxalis plants. 

Virtually a l l the 0.acetosella collections are listed i n Table 
i n the text. 

Oxalis montana 

B1, 1 

B4, 2 

B5, 1 

B6, 1 

Maple woodland, Napierville. PQ, Canada 
( c o l l . D.H. Valentine 1959) 
Nova Scotia, Canada ( c o l l . M.J. Harvey, 19.9.64) 

Rouge River, near Harrington, Quebec 
(W.F. Grant, 1966) 

Harrietsfield, near Halifax, Nova Scotia 
( c o l l . M.J. Harvey 1967) 

O.oregana 

D4, 1 ' • 

D4, 2 

D5, 3 

D7, 1 - a & b 

O.lactea 

E5, 1 

O.magellanioa 

C4, 1 

From garden of John Innes Institute, 
Hertford, Herts., (sent by G, E. Marks 1964) 

From garden of John Innes Institute, 
Hertford, Herts. (G.E. Marks 1964) 

Oregon Canyon (near Forestville), Sonoma Co., 
California, ( c o l l . Dr. H.G. Baker, 4*1'65) 

California ( c o l l . Prof. H.G. Baker 1967) 

New Zealand ( c o l l . N.W. Nelson 20.4.65) 

Garden material, Dr. D.P. Young 12.9*64 
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