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NOMENCLATURE AND TERMINOLOGY

The nomenelature used throughout the thesis is that of Floras Euvrorpea

(Tutin eteal 1964« } and Clakpham et.al (1962) for vascular plants, and
Warburg (1963) and Paton (1963) for bryophytes, In Campamuls (for which the
final Flors Buropea account is not yet available) the nomenclature follows
the most recent taxonomig works (Podlech 1965, Kovanda 1970c). In table 3.8
the authorities of -all the Camparmls speoies mentioned in this thesis are
given.

In the description of populations the deme terminology has heen used

because of the precision of ite terms (Gilmour and Heslop » Harrison 1954).

The terms most f}equently uged 8relw

cytodeme « & group of plante sharing some cylological
feature (e.g. ohromosome number)

topedeme ~ {cf. population) a group of plante growing
in a particular loecality

phenodeme « g group of plants having & particular

appearance



CHAPTER 1 TNTRODUCTTON

SECTTON 1 - TNTROPIOTTON

A close examination of almost any plant species reveals a certain
degree of variability which may not be immediately obvious from the
descrintionsin fléraso Variation may be morphological, cvtological,
biochemical, physiological,'ecological, etc., Oor any combination of these.
There are perhaps two different aporoaches to the exnerimental study of
variation. PFirstly there are extensive studies invelving extensive
collecting, and concerned with the basic widesvread pattern of infraspecific
variation and variation at the species level. BSuch studies are often
concerned largely, but not exclusively, with taxonomic issues and evidence
for the cvolution of species, and take what is termed tho experimental .
taxononic or tiosystematic arproach. Secondly there nre intensive studies
which are more concerned with small scale variation at the vorulation
(=topedeme) level. Here attention is focused on gene freguency changes at
the basic Mendelian population level. The study of variztion at this level
is termed genecology.

In any particular species group extensive studies usually precedé
intensive research. For example Bradshaw's (1959) early work on Aegrostis
tenuis was based on extensive collections, while more recent work by bhimself,
MeNeilly, and Antonoviecs (Antonovies 1968s, 1968b, McNeilly ard Antonovics 1968,
McNeilly and Bradshaw 1968) involved studies on small collections carefully
made fox specific purposes.

The work described in this thesis is the result of an extensive survey

of the variation in Campanuls rotundifolia in the British Isles. As I shall

show, although a certain amount of work has been carried out on the Continent
of Turope, only limited information is available on the variation in this

snecies in the British Tsles.



SEHOTTON 2  THE BASTC APPROACH TN THTS WORK

Although in general an extensive exverimental taxonomic aporoach has
been taken in this work, detailed studies have been made in certain areas.,
Despite the fact the work was primarily concerned with the British Isles,
material from abroad was obtained for comnarison.

In making the collections the first object was to obtain material from g
wide geograpbical area, and particularly from all parts of the British Tsles,
to determine which taxs and cytodemes were present. Once this had bsen
achieved and the geographical distributions of the separate entities worlked

out, more detailed work could commence on the comvaraiive mornhology, ecology,

breeding system, population biology and interbreeding relationshivs.

SECTTON 3 = T4 CHOICE OF CAMPANULA ROTUNDTROTTA

A brief review of the literature on C.rotindifolia will now be given to

indicate why it was considered that a study of this species in the British
Isles would be rewarding. This is ﬁot intended to be a thorough survey-of
the literature, but only to indicate the background against which this thesis
was plamned. TFull reference to the available literature is given in each
chavter.

(2) Maxonomic variation

As described in the standard British lora (Clavham et al. 1962)

Corotundifolisa (fig.lol) is an easily distinguished snecies of dry habitats,

The distinguishing features are the blue, bell-shaped fiowers borne on thin
pedicels, and the marked heterovhyllv, The basal rosettes bear rotund to
heart-shaved leaves from whose axils most of the flowering stems arise. These
stems bear ovate fo lanceolate leaves towards the base which merge into more
linear leaves as one passes upwards towards the inflorescence. Tn the

subsection of the genus Camvanuls to which C.rotundifolia belones forty nine

specieg have been deseribed from the Furomean mainland and North Afrieca,yet



a b o
48.8 (2x) 3.8(4x) 91.8(6x)
East Germany Argyll Mull, Argyll

FP1Ge_lel Cerotundifolia

Diploid, tetraploid and hexaploid specimens of (.rotundifolia
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only C.rotundifolia is described as native in British floras. In addition to

the species described from Burone, a few others - about three,but fthe exact
number devending on the taxonomic concents of the wvarious authors -« ocecur in
other temveraie and arctic regions of the Northern Hemisphere.

Although only C.rotundifelia is usually accepted as native in Britain

there are three published records of (,gieseckiana (Fruby 1930, Podlech 1965)

from the British Isles and several more herbarium specimens so named by
Podlech. C(learly one of the first tasks was to carry out a careful examination
of herbarium material from all parts of the British Tsles, and to commare this
with material of the described continental srecies. This classical tyve of
taxonomic research would, it was hoped; update the taxonomy of RBritish

C.rotundifolia.

(b) Cvitolooical varintion

In Burope four cytodemeshave been reported, ramely dinloids (2n=3%4),
triploids (2n=51), totravloids (2n=68), and hexzploids (2n=102) (fig, 1.2) (Bicher
1960, Gadella 1964, Kovanda 1966c, 1970a). Pentanloids have been vroduced in
cultivation (Gadella 1964)o Both diploids and tetrarloids have been reporied
with B~ chromosomes (Bﬁcher 1960: Kovanda 1970a)a It has been reported by

Bdcher (1gcq) that dipleids of (.rotundifolia s.s, occur primarily in the

lowlards of Central Furope, though he does describe a dinloid tonodeme from the
Alps. Tetraploids are widespread, especially in areas glaciated during the
last Tce Age. Hexarloids are scattered and rare.

There are only a few published chromosome numbers for British C.rotundifoliz

(fig. 1.2). Kovanda (1966b) revorted diploids in three sites in eastern Britain
(Bervick~on-Tweed, Downham Market in Norfolk, and Cambridge), and Bocher (1960),
as a result of pollen grain messurements, forecazst that they would be found on
the Tsle of Wight. Tetrapleids have been described from Scotland, northern

fingland, and northern Ireland (Bcher 1960, Gadella 1964), and Morriset (pers.



PiGe 102 Known distribution of cytodemes of C,rotundifolis and

Cogieseckiana before the beginning of the worlk on thism
thesis (after Bdcher 1960, Gadella 1964, Laane 1968).

O = diploids
o «~ tetraploids

A« hexaploids



comm. ) has discovered hexaploids at the Lizard, and in the Galtee Moutains
in Southern Ireland.
Several avthors (Bocher 1960, Leane 1968) point out that there are two

diploid taxa in northern Burope. One, C.rotundifolia, occurs in lowland

continental areas and the Paltic islands, often, but not always, in areas

which remainelice~free throughout the last glaciation., The other, G.gieseclkiang

ssD. fieseckiana, has been found in north Norway in presumed glacial refusia.

Thus it was considered that while it was probable that the former occurred
throughout southern and eastern Inglard, the latter might be found in the
mountains of north Britain. It was anticipated, howaver, that the tetraploid
would be the commonest cytedeme throughout most of the country, although
Morriset's hexaploid counts suggested that further hexapleid populations
might be found in south-western parts of the British Tsles, particularly the
West Country, and the southern parts of Ireland.

As C.rotundifolia appears from the distribution map to have a more or

less continucus distribution throughout Great Britain (fign 1,3)S there was
the likelihood of finding hybrids where {wo chromosome races met. Such hybrids
are reported to be easily made in cultivation (Gadella 1964), but have rarely
been deteoted in the wild. (CGadella l.c., Kovanda 1966¢).

Before the beginning of this work sufficient was therefore known to
sugrest that an interesting cytological pattern would emerse from a study of
British material.

(¢) Morpholosical variation

The primary aim of most previous work on the morvhelogy of *he C.rotundifolia

SRR A8 a1 2 e LRI T

complex has been taxonomic (Bocher 1960, 1966, Gadella 1964, Kovands 1970z).

Within Cerotundifolia s.s. and C.gieseckisna attempts have been made to
separate the cytodemes morphologically. It has never proved possible to find

characters which will do this in every case, but Bocher (1960) found
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sufficiently reliable methods in (,gieseckiana to be able to describe the

two cytodemes as senarate subspecies,

In my own studies I intended to make observations on the morphology
to see if it would be possible to distinguish the cytodemes within the
British Isles, thoungh I felt that the variation present was worthy of study
for its own sake. T also plammed to examine the variation that could be
induced between ramets of a clone by growing them in contrasting enviromments.

Turesson (1922, 1925, 1930) found considerable genecological differentiation
between lowland and high altitude and high latitude plants, and T planned to
look for such variation within the British Isles,
(a) Ecolosy |

" Preliminary observations showed that C.rotundifolia anpeared to be-a

calcicole in wistern Scotland, whilst in eastern varts of the country it seemed
to have a much wider habitat range, occurring in acid heather moors as well as
calcareous situations. Tt therefore seemed worthwhile to carry out a survey
of the habitats occunied by C,rofundifolia in different pnarts of its ranse,

particularly in relation to the different cytodemes.

(e) Renroductive biolosy

Although there was a certain amount of information in the literature
on the pollination bhiology and breeding system of the species, little work
could be traced on other aspects of its reproductive biology. Tt was therefore
decicded hto study the breeding system and all aspects of seed oroduction,
dispersal; germination and seedling establishment. From this study it was
hored to make some assessment of the relative importance of'vegetative and
sexual reprnduction in the species. 1In the same context, it was planmed to
examine, in morphological terms, how a seedling developed, and at what stage
it hore flowers and began producing rhizomes, This study of chronological
development would egive information which might make it possible to age young

vlants in the wild,



The breeding system however was to come under spacial study because of the
conflicting reports in the literature. While polyploid derivatives are often
somewhat selfwcompatible, related dipleoids are freguently totally selfwv
incompatible (Fryxell 1957). However, Gadella's (1964, 1p.62) attempts to

self tetraploids and hexaploids of C.rotundifelia were unsuccessiul, and Block

(1964) believed tetrapleoid C.rotundifolia to be almost totally self-incompatible,

On the other hand Bielawska (1964, 1968), working with Polish tetravloids,
found most genotypes to be at least slightly self-compatible,although diploid

C.cochleariifolia was self=incompatible. Only a few vnlants were used in these

experiments and I intended to repeat them using a larger number of plants.

(£) GCeoerarmicsl considerationg

The distribution map of C,rotundifolia in Britain (Ffig. 1e3) rovealed

some odd features. The rarity of the gpecies in ITreland was the most striking,
although ahbsence from the West Country, the Wash, and inland north-west®
Scotland also requiréd consideration. The intensive arable cultivation
practiced in the area round the Wash may leave few habitats suitable for

C.rotundifolia, but the other absences did not seem to have any ready

explanation. TIreland in particular is not vastly different from meny areas of
lowland England.

These features would have to be considered in the light of the
distribution of the cytodemes as that became known,

As alrcady mentioned Bdcher (1960) and Iaane (1968) remark on the
oceurrence of dinloids primarily in areas unglaciated in the last Tece age, while
tetraploidse are found in formerly glacisted areas. Thus it was thought
profitable {o study the distribution patterns of the cytedemes in reloatior to
elacial and pogte~glacial geomorphology. TFrom the subfossil record (Godwin

1956) it seemnd probable that C.roiundifelia had been vresent in Britain since

at least the last (Weichselian) full glacial period.



(g) Fybridisationg

Although natural and synthetic hybrids are =aid to be rare in the renus
Camorrwla (Crook 1951), Gadella (1964) and Bielawska (1964, 1968) reported

relatively hish interfertility between certain taxa close to C,vrotundifelia

and C,rotundifolia itself; and between the different cytodemes of C,roturdifolin,
T therefore planned to make crosges between plants of the one cytodeme from
widely separate.localities, as well as to try to cross the different cytodemes
and plants of differeﬁt named ‘taxa.

(h) Foreien material

Finally; material collected outwith the British Isles would be considered
in relation to the described taxa and the observations on British materinl.
This it was hoped would enable tentative conclusions to be drawn regarding the

evblutionary relationshiﬁs of British plants.

SECTION 4 - SUMMARY OF OBJECTIVES

In summary the major aims of the study wereie
1. To discover which taxa are present in the British Isles (Chanter 3);

2. "o discover which cytodemes of C.rotundifolis are present in the British

Tales, and to work out their distribution (Chavters 4 and 8);
3, To describe the morphological variation of British materisl and to try
to discover characters to distinguish the cytodemes (Chapter 5);

4. To study the autecology and reproductive biology of C.rotundifolia

(Chapter 6 and 7)3

5. To investigate the intercrossability of plants of the same cytodeme but
from diffevert geopranhical areas.
To investieate the intercrossability of plants of different cytodemes
(Crhapter 9);3

6. To examine the relationship of British material to foreign collections
(Chanter 10); |

T. TUsing the data available, to discuss the variation and evolution of thke

C.rotundifolia group of species (Chanter 11).




10

CHAPTER 23 COILROTTON AND QULTTVATTION OF MATERTAL

SEGTION 1 = INTRODUCTTON

The primsry object of the study was to make a general survey of

Gorotundifolis in the British Isles, to discover which cytodemes are present

and to work out their distributions. Hence collecting was extensive, covering
all areas of Britain, rather than intensive within a swall area, Almost all
the material collested was cultivated to obtain rootetipe for eytology and

for morphological examinatieri. As a result of the impressions gained from

the preliminary observations, certain genotypes (including both typical and
sxtreme var;ants) were selected for more detailed morphological study

(Chapter 5)0

SECGTION 2« COLLEOTTON

(a) Choice of sites

As one major object of the project was the study of the cytological
variation of Ce.rofundifolia s.l. in the British Jeles, 1t wasg planned to
colleet from many sites. DBeing based in Glasgow, and in view of the fant
that "The Scots Bluebell® is congidered something of a nabional flower, I
hoped to collect extensively in Scotland, though the patlern of collecting
would be largely influenced by indications of where interesting specimens
might be found,

The map glving the Britlsh localities of oytologically known materisl
(fige 1.2) sugeested that three cytodemes weve found in Britein. Tetters
regnegting material were sent off to friends living in distant parts of the
British Igles. Several collecting trips were also made in Scotland, Ireland
and England. The early discovery of hexaploids in the Oban area, and the
receipt of very distinetive large flowered herbarivm specimens from the
Outer Hebrides, quickly turned my attention to the west coast of Seotland,
A gteadily increasing number of hexaplold counts from western lecalitiss soon

made Bicher's records of tetrapleids from the wesl of Iveland (Bicher 1960)
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lool out of place, and necessitated the collection of material to confirm
or refulte his findings.

Although there was no published evidence that dipleids might be found
in northern areas of Seetland, there premence in North America (THve and Live
1965), Greenland (Bocher l.c.), and north Norwsy (Iaane 1968) suggested that
therg was Just g possibility that they might turn up in associatlon with
arctic=alpines in reliet mounitain sites. Sueh localities were vigited whenever
the oppertunity erose. At first only tetraploids were found, but {the
eventual discovery of hexaplolids on Ben Nevig gave the collection of mountain
material o new wrgency.

Collecting trips were alsoe arrenged %o the Hurepean mainland and Teeland.
In 1967 I was able to make a Tairly extensive collection from the Picos de
Buropa region of the Cantabrian Mowntains iz Northerm Spain, and an expedition
to Leeland in 1971 yiclded another large foreign collection. Through
sorrespondents I obtained material from Bast and Wesl Germany, Austria,
Morocca, Greenland, Newfoundland, the Isle Gaspd in the St. lawrence estvaiy,
Take Superior, and Alaska.

Though largely fortuitous, The choice of foreign cellecting sites turned
out to be a very happy one., The Greenland material, referable to (ygicsccliong

e TP TR, o o 10

(BScher 1960}, allowed comparison between that species and Coxolundifol ime

Tetengive leelandic collections enabled me to come to some btentative conclugionyg

about the relationship of the Icelandic harebell to Cegiegeckiona and

Gerotundifolia « the oeccurrence ¢f the latler species in Iceland has been

considered problematical (Kevanda 1970c). The collestions from Northern Spain

and Cewiedmannii (Podlech 1970), the two mest wecently described species in

the series Vulgaves.
{(b) Sampling |

43 R

In mest instences 1iving plants were collected, largely because much of
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the collecting was done ab btimes when seed was not aveileble. Alse, &3 bhag
been pointed out by Hesleop-Harrison {1964), thers sre major objectlonz to
using material grown froem geed In genecologlcal work. Seed wag howaver
collectad whenever it waz avallable in cege the Living plants did netv survive
« whiol rarely happened.

The sampling methed used at eny particvlar site depended upon the

distribubion ol the species in the avesa. This varied from scattered

boundary betwaen presumed clonés was impossible to determine. Where the
population 06n$iﬁﬁed of a few igolated individuals ramets were taken from &
\ggéw plante, an attenpl being made %o include each clone only conee by spacing
the semples as widely es possible. On e eliff, only ene plant waé taken
from each 1edgé9 and in-a grasyland only one from each patch. Any ebvicus
morphological variants vere glso collected. In larger populations the moesgt
pxtremns morphblagical forms were always collected, as well as the planis more
typical of the population.
This great care in sampling was hecegsary as 1t has been ghown in

geveral mpecies (Smith 1965 in Festuca rubra, end Harberd (L963) in Trifolivim

S et et

repens) that rhizomatous spread can result in a single elone being distributed

over a very wide avea., VYork by Harberd (l.c.) on Trifelinm repens suggesied

that in a veriable gpecies small differences in morphology between clones make
the subjective separation of clones in the field a fairly relisble procsdure
for a careful observer.

Initially I intended to pample the vegetation st The site ol sach
eollection by means of a standard quadret, denoting coversagbundance by domin
nombers.  However, 1t soon became obvious that in only & very small number of

sites could such & quadiat method be used, most Convanuls rotundifolia in

wastern Scotland and Ireland ovceurring on gliff ledges or otheoy such habitats



in vhich the environment ahanges over very short distances. BEven where

Camparnula rotundifolis occurred in an appavently uniform veggtaltionwtype,

such as grassland or heather moory cleoser inspectien usuvally revealed that

the plants only grew in pariticular places, e.g. in grassland, only on the bank
of a stream where ervsion wae taking place, or over a houlder where the soil
was particularly thing eor in a hesather moor, only in a flush.

Bcological data was gathered for gach plant T collected, théugh such
information was rarely avallable for populations sampled by other people. 'The
sampling sites were localised as accurately as possible (Six Tigure Grid
Reference), The altitude, aspeet and degree of exposure of the habitat were
also recorded, togethey with comments on the surrounding vegetation. At the

game time the frequency of C.rotundifolis in the localily was noted with

observations on graszing pressure, the presdnce or ahsence of seedlings, a-l

any other factors of imporfancea

As Cprotundifolia warely forms pure sbtands, eéxcept perhaps in rock

ereviees, a burf containing the rhizomes was collected and taken back to the

laboratory. There the turf was dissected, the rhizomes of (eroturndifoliz
extracted and planted, and the associated species in the twrf listed with notes
on their frequency. Any flowering stems vpresent were pressed for future

reference. After all the C.rotundifolia rhizomes bad bsen extracted, the

soil from the reoting levels was siredried and stored in aluwuinium cans four
later snalysis of their p.H. values and water holdiug capacitied,

When in flower Campanula rotundifelia is of course very eagy to find in

the field., At other times, and in situations where il very rarvely flowers
{coge mountain swmmits and heavily gramed grasslands) it can be very difficult

to find. However, wnless wilted or frozen, any part of a Campenuls robtundifolis

plant will exude a milky latex if broken, In fhis it resembles almost all
mepbers of the Campanulacese, dhe subfamily Cidhoricideae of the Conpositas,
and the genus Jupborbia, but differs from almost all other membevs of the. British

Ak

flora, This exudation ¢f a milky lataex hos been found to be a



very useful character for the confirmation of the identification of vegestetive

meterial of }yroﬁupdifoliag None of the British species with which confusion

is possible has a milky latex, and on the Ceontinent problems are only likely
P ¥ v ).

to arise with other memberg of the Campanuleceas = e.g. Coaxvatica in North

B A= FE A A S

Spaiﬁa

The following notes sre the results of very careful study of the

vegetative differences between Cyretundifolisa and some species with which if
pometimes grows.

The specles met in this study which mogt resemble vegetative C,rotundifolian

are Viola riviniana, Cardamine hirsuta, Bellis perennis, Prunella vulgaris,

and Cempanule arvatica. These five apecies are discussed below, together with

the ways in which they differ from Cerchtundifolias C,rotundifoliis, for

comparison, has a slightly dentate leaf and is often minutely hairy (pilose),
in pddition to having the latex exudation.

Viola rivinispa is pervhaps the species most likely to be confused with

Corotundifolis. Tis leaves are usually more hearit-shaped, and crenate rather

than dentate. On extraction from the vegetation ‘fn. which it is growing, the
single voselttes with much thicker and more Pigid roots, and the lack of creeping

rhizomes, make Veriviniana falrly easily distinguishables

Cardamine hirsuta only resembles Cyrotundifolia when in e very reduced,
depauperate, or young stage, baving only a single terminal leaflet per poticle,
In this condition the leaf is virtually identical to a basgl leal of

Caratundifqlia unless the characteristic coarse hairs of Cardamine hirsuis,

are present, These halrg are often absent in small plants. In the herbarium
of the Botony Department at the Glasgow University there is sven & specimen of

flewering Corotundifolia with some lesves of Cardamine hirsuts as its presumed

basal lecaves « probably collected because one leaf shows the beginnings of

pinnation, and was no doubt thought to be an interesting variant of (,rotundifoliz.

|
i
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Several times I myself thought I had found the pame interesting variation,

but each time it proved to be a plant of Cardamine hirvsuta. On extraction from

turf the lack of rhizomes usually distinguished Cardsmine hirsuta. Cardsmins

hizguta might be thought to gecupy much weltter habitats than Cerotundifolia,

[rfreweai®erdt

But it is on wet shady cliffa that depanperate forms of the twe species eccur
together,

Prifolium repens. The evening nyctotrepic form of this mpecies with

Folded leaflets may resenble Coymtvnd .Qlaa at o distance, and can therefore
! t

wmake Gerotundifolis very difficult to distinguish in grazed turi where both
speaies are presente, On closer examination the Twe species can of course he

easily distingulshed, but even when leaves are fully expanded; the presence of

Irifolium repens in g sward, masks C.rotundifelis, and can often lead to
erroneous conclusien that the latter species is absent,
Another species whose presence in gquantity has the ssme masking effeat asg

ggéfolium repens, is Prunells vulearis., Bellig peremnis can algo hove g hasking

effect in the field like Trifolium repeps and Prunelis vulearis, especially in

relatively 8hort grazmed tuvf, Several times I have been sont specimans of

Bollis perermnis ag Corotundifolia,

Compsiuls arvatica, In the Cantabrian Mountains this species cften ocours

with Cerotundifolia, It is nol heterophyllous, and the basal leaves are more

sharply toothed then is usual in ¢ Corotundifolia, but the local Cerobtundifolis
hos relatively sharply toothed leaves. C.arvatica also exudes a milky letex

if broken.

SHCTION 2 o CULTTIVATION

Cexotundifolia 1z g relatively casy plant to cultivate and propagate.

Rhizomes colleoted in the wild were planted in 2«5 inch pote, (depending on
the ameunt of material) in John Tmmes Nol.2, or U.C, (University of California
Mix) Noo2. soil. The latter wes used in the replicated trial reported in

Chapter 5., Both elay and plastic pots have beon used, but I find plagtic potis



preferable as they dry eub less readily (the rhizemes are quickly killed by
desiceation}. For the ssme reagon the U.C. mix with its high peal content,
and consequently its high water holding capacity, ig preferable to J.I. soils,
Jede soils are also highly variable due to variation in the quality of leam |
used, which can be anything from good turf loam to clay. The U.C. mixes,

on the other hand are of relatlvely constant gquality, consisting only of

sand and peat with added fewrtilizer. They do, however, walterlog easily, and
so require careful watering.

Once a plant had become established, it was trsnaferred to a G" plastic
pot and kepl as a stock plant in the greenhouse. FPlants have been kept
gueccassiully in such pots for three years, the only attentlon required being
vatering and cccasionai veeding.

Qccasional plants were left cutsgide in their plastio pots, or planted in
the rather heavy soil of Glasgow. In every casge the plant suffered badly from
waterlogging, and wsually died during the winter,

In the greephouse the main problems (aparﬁ from waterlogging and
&esiocatiOn} were pests, Plants weakenad by waterlogging were very susceptible
tc twa root and rhizome eating grubs, those of the dipteran fly SJciave . Spo

and the weevil Oticrvhynchus singularis (L) -Thesg were hy: far the most troublesone

pesty ag they often completely destroyed the underground parts of infected
plants beflore their oresence was detected, and such a plant could rarely be
saved. Sinply mepolting and cereful watering often saved slightly affected
plants, Overall contvel was obtained by fumigation with malathione, which

killed the adult stages and the Sclara grobs in the top inch or so of seoil.

Greently Mreus ascalonicus Doncaster were also a frequent pest; but being
above ground they were easily seen, and therefore very easily controlled by
fomigation with malathicene or pyrethrum dust,

Phe red spider mite Tetrenychus urticse C.L.K. only became a really seriocus

pest en relatively hairy plants, and in the highly protected conditions

existing when planis were being brought into {lower under 1lights and flowvers



wers enclosed inside pollination bags. They couwld not be exterminated, but
were more or lesg controlled by & comblngtion of spraying a pewerful waler jet
on heavily infested plants, melthione fmmigationg and Mazide" smoke pellets.
It wag interesting lo note that in the steck peis the red gpider mite acted an

, blokegical wbrol againest Stellaria media and Cersstiuvm fentanum, which
& bickegical control agsinst Stellaxia media and Gerastium fontanum, which

suffered more severly than the Corotundifolie.

The rhizome gall insect Perisse & i We . . o
The rhisome gall insesct Perissa trachelii waChtl'WaS(X£381Onally Btoctel in the

wild, but never seemed to gurvive in cultivation. The same type of gall was
seen on the aerial parits of a plant in the axils of the lower stem leaves in
a herbarium specimen in the British Museum - the galls were labelled as
bulbils.

A nematode which destroyed the grewing root apices wam occasionally seen
in woot tip s@u&shaso How much damage it csised ig uncertain as I wmade no
attenpt to differentiate between the sffect of ite activities and the direct
effect of waterlogging and deslecation en root tip mortality. It was possibly
the eauvsative agent of nodule-like gtructures found on the roots of some
plants,

Occasionally plants would suddenly produce curled malformed leaves and
stemss The condltion usually affected all the shoote in one pot; and was
pregumably the regult of viral infection. Infected plants soon recovered and

the condition waeg never lethal.

SECTION 4 - CONCLUDITIG IUIMARKS

The cultivated samples were availlable for cytology, morphological study
and crossing experimentg, while the lists of associated species and the soil
pamples were retained fox later anslysis. The methods used in the cybology,

eoology, and hybridisatlion gtudics will he deseribed in the appropriate shapiersz.
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IN THE GENUS CAMPANULA

SECTION 1 w ITHTRODUCTION
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ganug Campanula and of the whole family Campanulaceae. There are, hovever,
about 60«70 genera In the family and about 2,000 species, around 300 of
which ere assigned to the genus Cawpanula itself (Willis, 1966).

From the standard British flora {Clapham et,al.1962) C,rotundifolia

would appear to be an easily distinguished species with there being no real
chance of confusion arising between it and olosely related species. Ag
digcugsged in Chapter i, many morphologically similar taxa have been reported
from.the Continent of Burope, and British material ig known %o be highly
variable. Thus; before embarking on a discussion of the material studied

in the preparation of this fthesis, I consider 1t sppropriate to outline the

systematic poaition in order to see C.rotundifolian in its setting., First

I shall relate the subsection to which 1% belongs, the Heterophylla, to the
taxonomice subdivigsion of the family Campanulaceae. Secondly, the suhbscetion
Heterophylla itself will be discussed in detail, both its delimitation and
its composition being considered. ¥Finally the taxa which have been described
from the British Isleg, the evidence for their presence, and taxa which
migh't be found will be discussed.

SECTION 2 ”u FAMILY CAMPANULACHAR

There seems to be some agreement about the division of the family
Campanulaceae into three units, Bentham in Bentham and Hooker (1876) gives
three tribes; Lobelieae, Cyphieae; and Campanuleae, while Sch¥nland, in
Engler and Prant]l (1894), makes the same division, but calls the units
gsubfamilies. Hig subdivision of the units containing the genus Campanula

is glven Iin table 2.1,



‘a b c
C.rotundifolia C.scheuchzeri Cecochleariifolia
d

C.arvatica

FiG. 3.1



TABLE 3,1 THE SYSTEMATIC POSITION OF THE GENUS GAMPANULA IN

e

PHE FAMILY CAMPANULACEA® (A®TER SCHONLAND 1894)

Family Subfamilies Tribes Subtribes Genera

h—-‘-—M‘-w‘[ﬂ A T rat s A ST D S RTALA . e e vl b B el s B v e At g sl e o gl
Peracarpa
Canarinag

Michauxia

Ogtrowskia
/Symphyandr&
Lobeliocideae Sphenocleae Platycodinae o
Phirtounn,
Campanulacese& Cyphioideae | Pentaphrasmeae” ~Wohlenbergina (+ Asynewna)
Campanuloideae Campanuleac £ Campanulinae { Trachelinm

Legousia
(=Specularia)

\Adenophora
Heterocodon

Camparula
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Pentham divided the tribe Campanuleszs inte five groups, the fifth
of which diffevrs fxom Schiénland's subfribe Campanulinae only in bthat
Canaring and Peracarpa are placed in another group, and Heterocodon is
included within Campanula. Many species now included in Specularia,

Symohyandra, Adenophora, and Asyneuma, and in somé of the genera of the

et

other subtribes, were once included in the genus Campanula. Gadella (1964)
remarks that certain species at present included in Campula bear more
veasemblance to species of these other genera than to ether gpecles of
Campanula. These genera must thevefore be vonsidered in any work on the
genus Campanula.

SECTION 3 - THE GENUS CAMPANULA

Ay de Candolle (1830) has produced the sole monograph ofAth@ g@ﬁus
Campanula., Le split the genus into two sections on the basis of the
presence or absence of calyx appendages., Boissler (1875)& dealing only
with species from Greece, Egypt, and the Near East; also split the genus
into two sectionsy bubk on the mode of dehiscence of the capsule, Nymann's
clagsifiocation (1878«1882) is similar to Boissier's, but divides the genus
into three groups. The classificationg proposed by these auth5r$ are
presented in taﬁie 3.2, together with the definitive characteristics of
the major categories.

Feﬁ?ov (195?) sccepts Boissier's main subdivigions, Medium and
Rapuncwlus, but then divides those uvp into a large number of subsections
and series (Medium = 19 subsectionsi Rapunculus - 4 subsections), which he
feels may be geoups of phylogeneticallyrrelated species. These groups are
defined by charaoter complexes rather than by single key characters. One
of the nineteen subsections within the section Medium is the Heterophylla

(Wymo) Fedey the growp to which Campanuls rotundifolia belongs.
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Gadella (1964, 1966) in two vewy useful papers, studied cytological
g well as morpholegical characters in an attempt to define natural groups
within the genus. Initially he hoped to be able to raise Fed@@v*s oYy
sections bo mactional rank, However ecrossing experiments suggested that
gome of Fedrov'm groupings were uwnatural; and Gadells described seven
species groups defined morphologically and cytologically (table 3.3). In
Gadella's opinlon these groups can ba regarded as natursl; consisting of
related species. Amumber of species do net appear to belong %o any of
the above seven groups, and should perhaps be placed in other genera. Un
the other hand, it 1l clear that species at present placed in the related

genera, Symphyandra, Legousia, Asyncuma, and Adenophora may be very close

to speoles inocluded in Campanula, and these genera therefore require
aramination. The subsection Heterophylla belongs to Gadella's section VII.

Gedella points out the dangers inherent in using chromosome numbers
in imeolation to deduce relationships. From the ease with vhich thay inter=
breed, and overall morphological and cytological (chromogome size) characters,
he deduces that speoles with 2n = 30, 40, and 80 (x = 10) are wnrelated to
those with 2n = 30 and 90 (x = 15), Similarly, of the species with 2n = 32,
only Cestevend is related to other species with x = 8 (these have long
ehromosomes o 4w6/um9, the others (with short chromosomes w E)Hme) probably
being derived from specles with 2n= 34 by veduction,

He algo reviews the objections to the theories preposed 1o account
for the origin of the base number x = 17, Tischler (1950) proposed
amphiploidy, 2n = 16 x 20 = 18 « 2n = 344 and BScher (1960) polyploidy in
g trisomic dipleoid with x = 8 (8+8+1) X 2 =» 34, Gadella congiders it is

wnreasonzble fto involve any known species with x = 8, as they have long
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chromosomes, whilet those with x = %4 have short chromosomes. However
species with x = & and ghort chromosomes may he found (Quézel 1957).

SEGTION 4 o THE SUBSECYTON HETEROPHYLLA (Witas,) Fed.

The subsection Heterophylla seems to be accepted by moat authors ag
faibrly natural, being distinguaished from other specles groupings primarily
by the more or less distinet heterophylly, the cauline leaves being more
elongate and less petiolate than the bamal leaves (fig.l,l). Podlech (1965)
states that the flowering stems arise from the exils of rosette leaves, not

directly from the rhizome ag In the isophyllous C.irachelium group,

De Candolle (183%0) recognised the Heterophylla, treating it as a wnit in
hig elassification. Podlech commentsg that C.herminii (2n = 32) is similar
to some members of the Helerophylla, bul can be excluded on the basis of
ite chromosome number {all members of the Heterophylla have x = 17).

C.tommasinidna (2n = 34) and Cewaldsteiniana (2n = 34), which arve

digtinguished from the Heterophylla only by weak heterophylly and rhigome

buds which grow out directly to flowering shootsy may form a link between

the Heterophylla ané the C,oargonica~C.fragilis group. C.morsettiang is

also gimilar to gome specles in the Heterophylla.

The subseotion Heterophyllia is further divided by most authors
(Krasan 1849, Vitasek 19024 and Hruby 1930) (table 3.4),

Krasan, working on alpine epeciesy recognised four groups, and was

the first to refer to this collection of species as the Cexrotundifolia

complex. Witagsek carried out a detalled study of many species belonging
to three of the series, and Sevelescu (1916) completed this subdivision
by adding the series Pusillas, Hruby made a subdivision into seven groups

which were left undefined.
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It can be seen {table 3.4) that there is a fair measure of agree

ment between the three colassifications, A few species are, however,

treated differently by different authors, e.ge (opolymorvhs is ineluded
in the Scheuchzericanae. of Hruby, but placed in the Vulgares by the other
authors, Several gpecies, as indicated, are intermediate between the
gectionss and cannot therefore be wrightly placed in any. In Podlech's
opinion these sectiong cannot be recognised taxonomically, because the
digtinguishing characters are combined in a net-like fashion, resulting

in too many species having the key characiers of geveral groups «

" Bele borotundifolias mogt characteristic member of the Vulgares, includes
plants from southern Europe whioh have papillose ovaries w a qharact@r
of the Saxicolae (Kovanda 1970). Podlech, unlike Fedorov (1957)5 rejects
any classification in series, describing each species separately; but
placing related apecies close together.

Tha Heterophylle is a fairly well defined subsection which, it is
anticipated, would be little altered in its species composition by further

works G, rotundifclia is the most characteristic species of the sub-

geation., Thilg being the casey it can fairly safely be assumed thal any

gpecies very closely related to C.rotundifolia s.s. will be included in

the Heterophylla, and that there i no need to look outside this subsection
in a study of this species, However, Bielawska (19%4) has shown that

Cocochleariifolia (fige 3.1, table 3.6) a member of the distinct and well

defined serieg Alpicolee, can; at least uwnder experimental conditions,

eross with tetraploid C,rotundifolia. She has also shown (Bielawska 1968)

that Cegelida (referred to as C.scheuchzeri in hex paper), a member of the

lanceolatae, can freely sxchange genes wilth Ce.rotundifolia,




Howevar, by all acccounts, and Judging from specimens examined,
girtually ell species of series other than the Vulgares can he eamsily

distinguished from Cerotundifolia. This camnot be said of species in

the series Vulgares itselfl, and indeed many of the species are distinguisheg

largoly on geographical grounds (table 3.5), specimens from Greenland are

referred to C,gieseckiona and those from Noprth Awmerica to C.intercedens
by many authors (BScher 1960, 1966). In these cases wvelatively little

jmportance gseems Lo have been given %o whether these two specles can always

be distinguished from one another and from C,rotundifolias on morphological

grownds alone., Shetler (1963)‘in hig aceount of North American Campanulas

in fact refers all his material to the oue varisble species Corotundifolia.

Kovanda (1970¢)¢ in his account for Flora Buvopea, submerges Cepolymorpha

in quthndifqliaa 41). species of the dgeries Vulgares would therefore

geen Lo warrant eaveful study to elucidate their relatlonship with

Corotun&ifclia.

SECTION 5 « TAXA DESCRIBKD FROM TIHE BRITISH TSLES

Apart from Cerotundifolia, C.gieseckiana (table 3.5 fige3.2) is the

only other speocles of the Heterophylla that has been identified in British
materisls There are two published records « Ben Nevig, Inverness-shire
(IIruby 1930 as C.arctica): and limestone cliffsy Little Ormes Head,

Llandudno, Caernarvonshire (Podlech 1965 p.1l6 as Cezroenlandica). Also,

geveral British specimens in the herbariuvm of the Edinburgh Botanic Gardens

have been named (C.eroenlandica (m Ce.pieseclkiana squgroenlandica) by Podlech

(dated 1964), The localities are rather scattered § Lake Districts
Darlington, Yorkshire; Avrani Klllin, Perthshire; Edinburgh; Bast Lothiang
Fifey and Forfar., I admit to being wable to find any very obvious

differences between these specimens and those he has labelled C,rotundifolia,
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though they do have large shallow flowers and hemispherical ovaries

(ieee the usuwal key characters of C.gicseckians ssp.groenlandica).
Otherwise they seem to be well within the variation range of Northern

populations of C.rotundifoliz, Hruby's work (1930) has béen criticised

by Kovanda (1970a)and Podlech (1965). However, herbarium specimens of

Cogleseckiana from Greenland were little different Lrom many horthern

and high altitude gpecimens from the British Isles.

Leaving aside consideration of C.gpieseckiana, all herbarium specimens

of native British material agreed more closely with Corotundifolia se.s,

than other continental species of the complex » with the possible exception

of Cepolymorpha, @ species of dubious validity (smeo Kovanda 1970c and

Chapter 10). From henceforth in this thesis British plants of this complex

will therefore be referrsd to as Corotundifolis,

SECTION 6‘w TR SPECIES STUDIED IN THIS THIESTS

In addition to materisl which could be referred to specles of the
gerieg Vulgares (table 305),and which are morphologically very similar to
4 some material of other species was algo studied. The

characters distinguishing these species from C,rotundifolis and one another

C@rotundifolia

are shown in table 3.6 and discussed below.

Ce.cochleaniifolia (on = 34) fig 5.1« This {8 a diploid specles of

the Series‘AlpicolaQ which typically leoks very different from C.rotundifolis

and is characteristically much shorter. The basal rosettes, in the axils

of whose leaves tho flowering stems are produced; are conspicuous, and
peralst throushout the flowering season, The basal leaves are vright greeng
glabrous, and dentate, and the petiole margins are ciliate. ‘he flower buds
are nodding and the flowers are small (1@33 than 10 mm) and typically of a

light blwve colowr.
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C.scheuchzeri (2n = 68, 102) fig 3.1, This species is vather more

similar to Cerotundifolia, being taller growing with less persistent

‘posettes. The major distinguishing characters are the nutant flower buds
and ciliate petloles, but the relatively short stems beoaring few deep violet
goloured flowerg and the dark foliage give this species a distinctive
ADPSATANCE o

C.ficarioides (2n = 102) Fig 3.3. This species is very similar in

most respects to (.scheuchseri, and differs primerily in possessing roots
with cearrot=like thickening.

Gemairei (2n = 16, 34) fig 3.4, Although not previously included in
the Beterophyllay C.mairel is sirongly heterophyliousg Hnlike_all species
usually placed in the Heterophylls if is stoloniferous and has capsules
opening by apical valves.

Coarvatica (2n = 28) fig 3.Ls This species is not heterophyllous

and does not belong to the subseation Helerophylla, Also, the flowers are
open and starwshapeds not bellwghaped as in most of the Heteropnylla,
Howevery the basal leaves are very simlilar to those of C.asturica, with
which is grows, and Crook {1951) mentiong a hybrid between C.arvatice and

C.rotundifolias. It was therefore considered that (.arvatica was worthy

of study in relation to Cyrotundifolia.

The nunber of topodemes examined morphologically and cytologically
of each of the taxa discussed above are given in table 3.7

SECTION 7, = NOMENCLATURLE

Table 3.8 ig a list of all the species of Campanula mentioned in

thig thesis.



PIGs 3.4

Campanula mairei. Herbarium specimens collected in the wild in

Morocco at 2,100m ("2000ft) on Toubkal. Note the rotund leaves
borne towards the base of the stem with more linear leaves above.

The flowers and ripe capsules are erect.
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THRE NUMBER OF TOPODEMES OF EACH SPECIES BXAMINED
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Buropean Non=British

agturica

gleseckiana feeland

glesaokiana Greenland

intexrcedens
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gochleaviifolia
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TABLE 3.8

A LIST OF ALL THE CAMPANULA SPECIKS MENTIONED

IN THIS THESIS WITH AUTHORITIES

eadsurgens Lor, et. Lev.
Co.albanica Witas.
C.apennina Podl,

C.arclica (Lange} Hruby
Ce.arvatica Lag.

Ce.asturica Podl,
Co.bhaleandca {Adamd Hruby
Cobaumgartenii J.Becker
C.bheckiana Hayek

C.bhertolae Colla

ssp. bertolae

ssp.xyloryhiza (0.Schwarz) Podl.
C.bohemica Hruby
Cebreynina  Beck
C.bulgarica Witas.
Ce.caespitosa Scop,
C.cantabrica Feer,
C.carnica Schiecde
C.cochlecaxriifclia Lam,
C.carcontica Sourek
C.crasgipes  Heuffel

C.dubia ADC,.

J.excisa Sehleicher
C.Ticarioides Timb,~ Lagr,
Coforsythii (Arvcang.) Podl,
Cefragilis Cyr.

Cofritschili Witas,
Ce.garganica Ten,

Cegelida Kovanda
"Cogentills  Kovamxla
C.gieseckiana  Vest
ssp.gieseckiana
ssp.oreenlandica  (Berly DBlcher
Cegroenlandica Berlin
Cogracillima Pedl,
Co.hercegovina Deg., et Fiala
C.herminid Hoffg. et Link
C.heteroedoxa Vest
Co.lhdspanica Willk.
C.intercedens Witas,
C.isophylla Mor,
C.jaubertiana Tinmbe.- Laogr,
Cojurjurensis (Chabg Witas.
Co.justiniana Witase
C.langsdorffiana Fisch,
Co.latiseala Hulten
C.longisepala Podl,



TABLE 3.8 continned..,

C.macrorrhiza J.Gay
Ce.marchesettil Witas,
C.nnirel Pau

C.moravica (Spitzd Kovanda
C.morctiiana Rchb,
C.parryi A Gray
C.pollinensis Podl,
Ce.polymorpha Witas.
C.praesignis G.Beck
C.precatoria Timb,~ Lagr,
C.pseudestenocodon  lac,
C.pulla L,

C.recta  Dulac
Cerhomboidalis L,
C.romanica Savul,
Ce.rotundifolia L.
Ce.ruscinonensis Timb,- Lagr,
C.sabatia de Not,
S.scheuchzeri VILL,
Ceserrata (it Hendrych
C.stenocodon DBolss, et Reut,
Ce.tanfanii Podl.
C.tommasinlana Reut,
Co.trachelium L.

C.uniflora Vvili,
C.velebitica DBorb,
C.waldsteiniana R, & S,
Cowledmannii Podl,
Cewilkommii Witas.
Ce.witasekiapa Viehr,
Cerylocarpa Kovauda
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CHAPTER 4:  CITOLOGY

SECTION 1 - INTRODUCTION

In this chapter ¥ shall discuss the aytological resulte obtained
in the course of this study. Previous workers (Gadella 1964, Bocher 1960,
Llaane 1968, Morisset pers.comm, Love and Love 1965, Kovanda 1966a; 1966b,
1970&) have found all three cytodemes in Burope, the British Isles, and
North America, though only diploids and tetraploids have been described
from Greenland and Scandinavia, In several cases (Bdcher 1960, Gadella 1964,
Kovanda 1970a) small.ancessory (B) chromosomes have been reported from hoth
diploide and tetraploids.

The cytology is being discussed before other aspects are dealt with
a8 1t presents the framework againet whioh all other aupects of the variation
must be viewed,

SECTION 2 « METHODS

Plants taken into cultivation were usually left undisturied for about
a month before any attempt was made to~obtain rootetips from them fox
cytology. By that time there were usvally rapidly growing roots lLying
between the soil and the sides of the pot. After the ball of soil had
been removed from the u@ ended pot by sharp tapping, root~tips were easily
removed with forceps without disturbing the soil. There is no evidence of
any periédicity in the time of mitosis during the day as rooit«tips taken
at all times from 9 a.m. to 9 pein. yielded good mitotic figures.

Pretreatment

Root-tips were pretreated with a saturated agueouns solution of
l=bromo~naphthalene. It is only very slightly soluble in water, most of
the reagent remaining at the bottom of the bottle. For use, the solution
was decanted into vials to whiech the rooi-tips were added. A Tew globules

of the reagent which float on the gurface in the stock bottle are inevitably
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carried over into the vials, but experience has shown that these have
no detrimental effect.

The pretreatment time usually recommended with l=bromo-naphthalene
ig two to four hours at room temperature, In practice I found it necessary
to pretreat for four hours to obtain maximum contractlion of the chromosomes,
Shorter pretreatment times resulted in chromosomes whieh ﬁere teo slongated
and tended to be too intertwined and difficult to count. Increasing the
pretreatment time to seven hours had very little effect on the quality of
the final preparation,
A After pretreatmenty with whatever reagent; most published schedules
usually insist on thorough washing. However, using the pretreatment method

desoribed above on root-tips of Campanula and geveral other geners

(;gxgpﬁggig.appg Polypodium spp.s Festuca ovina, Deschampgis Sppiy) NO
deléterious effects could be detected if washing were omlitted, This applied
even if there were globules of lmbrom0m9aphthalene arowtd the root tips
after the supernatant had been poured off., Omission of washing reduced

the work involved in preparing the wroot tips, and by reducing the amount

of handling necesgsary, oub losses and damage to the rootetips,.

After four hours preftreatment,; the lebromo-naphthalenes solution was
decanted and aboui 1O0ml. frashly prepared 1t3 glacial acetic acids 95% ethannl
added %o each viel,

Imnediately alter the fixative had been added . the vials were transe
ferred to the leew-box of g refrigerator, or & decp freeze,; as low temperatiaes
reduce the mate of formation of ethyl acetate, Leaving the rootwtips in the
fixative for twelve hours at room temperature, even if they were eventually
placed in a deep freesey greatly reduced the quality of the final preparations

(the chromosomes were indistinet and there were many granules iun the cytoplasm)e



The longer the root-tips were_stor@d in the deep freese (at leagt up

to six wmontheg) the better the final preparations, fewer granules being
present in the cytoplasm, The use of either chloxcoform in the fizative
or ether in the hydrolysing solution did not geem to rid the gytoplasm
of granules as effectively as a long fixation period.

Normally the rootwtips were left in the deep freeze until required
for eownting, although, if for any reason they could not remain there;
after a minimum of 24 hours in the fixative they could be transferred to
T0% ethanol and stored at room temperature., It was considered that the
rootwtips had to remain in the fixative for a minimum of 24 hours before
they were uaydrolysed.

Hydrolysis is required to énable the cells to be\saparated by tapping
and gquashing. 'The root tips were removed from the fixative, transferred
to nommal hydrochloric acid at 60°C ang hvdrolysed for % minutes in an
oven or wabter bath., Hydrolysig for a shorter period than five minutes
nearly always resulted (unless the rool was very fine) in inadeguate
séparation of the cellg on tapping. Increasing the hydrolysis-time te up
to 10 minutes gave satisfactory results, the cells being easler to separats
and squash, but perhaps more susceptible to rupture, No damage to the
chromosomes was noticéd after longer hydrolysis.

After hydrolysis the rooi-tips were transferred to a few mls. of 0%
ethanol in another vial., In thisg condition they have been stored successce
fully at room temperature for up to four years.

Staining

Initially staining with Feulgen and Snow's Carmine (Snow 1963) were

tried, but these gave less satisfactory results than Dyer's (1963) Lactow

proplonic orcein methed, This stain was prepared by shaking ue two grams



of arcein with 100 mls. of a mixture of HO0ml acid and 50 mls. lectic acid,
and filtering through a Whatwan's No.l filter paper, This stain was used
directly, not after dilution as recammended by Dyere. In this undiluted
state the lacto~propid@inic—orcein is exitremely convenient to use, as
temporary wizringsd preparationg may be kept for uwp to six months wifhout
sericus deterioration,

A disedvantage of this stain is that after about six months a fine
precipitate forms in the gtocek bottle and must be removed by filtration.
Some of the precipliate particles ave about the same size ag Campanula
chromosomes though optically more dense. Grealb care was taken to remove
the precipitate ag ity presence could lead to migcounting, especially_if
Bwchromosomes were present in the material.

Preparation of slides and microscopy

A gingle woot-tip was placed in a drop of T0% ethanol on a slide
and examined with a dissecting microscope. In & root which had been growing
actively, a dense areag which contained the highest proportion of dividing
eelle, was ovident Just bhehind the root cape Phois extreme portion of the
roobetip was carefully removed with dissecting needles and transferred to
a drop of lactopropiconle orcein stain, The root-tips were sufficiently
fine so that no macervation with the needles was required. A coverslip
wag placed on the drop of ataln containing the root-tip and tapped to
separate the cells. The tapplng was performed on the stage of the disseotving
micrescope so that the degree of digpersion ol the cells could be conirelled.
The preparation wag then placed betwesn two layers of "Kleenex™ tissue
on an avbsolutely flat surface snd squashed by pressure Lrom the thumb,
It was then gcanned using a Zeiss phoﬁ&icrnacopea The pozitiong of welle
sguashed cells were noted, and the chromosomes counted uzing a 100 x oil

immersion phase contrast objective. Anisole (methyl phenyl ether) was



uged in place of immersion oil ag it is Jess viscous, and may bs removed
from both lens and coverslip by blotiting with lens tissue without
digturbing the specimen,

SHOTTON 3w RUSULTS

The chremosome numbers found in natural topodemes of Corotundifolis

in the British Tgles; outside the British Isles, and in hybrids produced
in cultivation are given in iable 4.1 and in detall in table 4.2, A large
number of accurate counts of 2n = 34, 68, 85, 88 and 102 were made from
material collected in the wild and taken into cultivation, About half

the +total number of topodemes counted were represented by at least onc
plant in which the chromosome number was accurately determined, DParticularly
noteworthy s the record of two pantaploids (2n = 8%) from the wild, no
other pentajleids ever having been reported in nature, though they have
been produced artificially in cultivation (Bdcher 1966, Cadella 1964).
Also most interesting is the count of 2n = 88 4+ 2B, presumably the result
of a pentapléidsback-crosging to & hexaploid., The only previous record

of an aneuploid count in wild collected material of the C.rotundifolla

gomplex is that of 2n = 72 4 4B (Bocher 1963). Bielawska (1964), however,
reports the produwetion of aneupliolds in cultivation with chromosome
numbers approaching that of tetraploids (2n = 68).

Bechromosomes (Battaglia 1964) have previously been reported in the
diploid (Gadella 1964, Kovanda 1970a) and tetraploid (Bbcher 1960,

Gadella l,c., Kovanda 1970a) cytodemes of Cerotundifolia, Up to three

have been recorded in diploids, and up to four in tetrapleids. In many
of the published recowds a range of numbers is given for an individual
plant, so it is olear that the numbers present in the celle of different

roots, and perhaps even of the one wooty may vary.



Because of their smwall size, and the lerge numbers of Awchromosomes,
the exaet mumber of Bwahromosomes present in a cell is often difficult to
determine, but in ne case have T found the number to vary between diffewvent
cells of the one plant, In my own studies no B-chromosomes were found in
any of the diploids examined;, but up to five were eounted in tetraploids,
and up to six in hexaploidsz. This is the first record of Bechromosone s in

hezaploids of the Ce.rotundifolis complexy and iz perhaps rather unexpected

as B-chromosomes are often sald to be infrequent at high polyploid levels.

Bepresentative cells showing the tefraploid and hexaploid chromozome
complenents are shown in figs. 4¢ly 4.2y and 4,3, As can be seen {rom
thege flgures the chromosomes are small and very uwniform in sise, naryvological
gtudieg would therefore be impractical, though some differences between
chrohosamss might be obtained by fluoregcence microscopy. Satellites are
visible on some of the chromosomes (fig. 4.2),

As will be shown later (Chapter 5) it proved impossible to distinguish
veliably between tetraplolds and hexaploids on morphological grounds. To
increase ths number of points on the digtribution mapy a further set of
cytological studies was undertaken in which a number of plants were
examined cytologically and assigned to a polyploid level. TFor this purpose
counts of 25 @ 66468 or 2n = 97~1C2 were accepted am tetraploid and hexaploid
counts respectively. Only if obvious Bechromosomes were prescent were planis
checked furtoner. Any counts above the expeated 68 or 102, were checked
very carefully, as it is much less likely to overcount than %o undercount,
undercotnting uswally being due to one chromosome lylng above another,

Although the above method involves making spproximations, I consider
it valid, as no accurately made count deviated even slightly from the

expected. It seemed more important to classiiy a large number of plants
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(2n=68) of plant $8.B from Argyll,
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FIG, -1.2 Tetraploid cell (2n=6S+5B) of plant. 50.70.B from north Spain
showing 5 B chromosomes (arrowed) and 2 chromosomes with
sattillites {denoted by S),
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FTG. 4,3 Hexaploid cell (2n=102) of plant 10.7.A from Colonsay, Argyll.
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FIG. 4.4 Buodecaploid cell (2n=204) from otherwise fiexaploid plant.



TABLE 4,1 SUMMARY OF CHROMOSOME NUMBERS FOUND IN NATURAL TOPODEMES

AND EXPERIMENTAT, HYBRIDS IN C,ROTUNDIFCLTA s.l.

The numbers in brackets are the number of topodemes

examined,

British TIsles
Continental Europe

Greenland and Iceland

North Amexrica

ARTT™TCTAL, HYBRTDS

E-H O -
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34(1)
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OOt

CHROMOZOME NUMBERS
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oy SR S0

CHROMOSOME COUNTS

CHROMOSOME NUMBERS OF THE NATURAL TOPODEMES OF
C.ROTUNDTFOLTA AND RELATED SPRECTES INVESTIGATED

Gode Mo

48,B
67,8

11,1

Code Mo

71.8

59,8
70,8

69,8
45\16?
68,8
46,6

84,8
48,6

50.8

39.6

8,0

2n

34
34

34

4%

4x

68448
4%

A
4%
4x

4%
68

ib

dx

68

e e

DTPLOTDS
Toeality '

e e o v e

GRRMANY (¢, rotundifolia)

Deessau,; Fast Germany

Putzbrunn, Munich, West Germany

Habitat

Grass heath

CRTENTAND (C, sicreckiang asp, gieseckiana)

Midternaes, South West Greenland

TRTRAPLOTDS

Garbat, nr Garve, Ross and Cromarty

Windhorn, Moray

Tarvie, nr.Garve, Boss and Cromarty

Conron Bridge, Boss and Cromarty
Fort George, Inverness

Muir of Ord, Ress and Cromarty

Drumossis, nr. Inverness

Avohmamall; nr. Moy, Inverness

Insharn; nr.Carrbridge, Inverness
¥ S

Aviemore, Inverness

Bridee of Don, Aberdeen

Newtonmore, Inverncgs
Dinnat, Aberdeenshire
Dalwhinnie, Inverness

Aonach Beag, Ben Alder Forest,
Invorneas

-

Tabitat (irid Pef,
Streamside  28/42«67-
grassland

- 38/036647
Birch 28/4 %580
woodland

- 28 /55m58m

- 28 /791570
On dry stone 28/53=49-
wall
On dry stone 28/69-45-
wall
Roadside 28/ 76m36m
grassland
Roadgide
gragssland 28/85"24"
Sandy 28/89=11=
embankment
Sand dunes  %8/95=11-
Grasg 28 [ TowmQuss
heath
Calluna 38/433%000
heath
Crass 27/64=86
heath
Suear lime- 27/455739

stone prass
land



TARLE 4,2 (cont'd)

mesprct gn ok

13,6

16,6
20,9

65.6 :
13,0
1.8

(o
N
k-]

[&)

1506

2,7
3.7

5647
34.6,35,6
6.8
44,9
TTy 8.7,

9.7
14.8

87.8
1967

2
4%

Ax

68

68
ax

4Ax
Ax

4x
68

68438
68

4‘_){
68
68

68

Ax
68

Ax

68418,
68

4x
68

4x
68
68

4x

Locality

Ben Alder; Tnverness

Glendaruel, Argyll

Carron Valley, Campsie Hills,
Stirlingshire

Campgide Hills, Stirlingshire

Beinn Capuill, Tighnabruaich,
Cowal, Argyll

Lindsaig Farm, Kilfinan, Cowal,
Argyll

Drum Farm, Kilfinan, Cowal,
Argyll

Kilfinany Cowal, Argyll

Bas an Duin, Tighnabruaich,
Argyll

Cramond Island, nr. Edinburgh
Arthur's Seat, Edinburgh

Sheeppath Dean, nr, Dunbar,
B, Inthian

Cockburnspath, Berwickshire

Carry, Tighnabruaich, Cowal,
Areyll

Ardlamont Point, Cowal, Argyll

~ Ardlamont Point, Cowal, Argyll

Bigholm, Beith, Ayrshire
Pirnmill, Arran, Bute
Fenwick Moor, Renfrewshire
Falle of Clyde, lanark

Chegwick, nr, Berwickeon=Tweed

Dunure, Ayrshire

Ieadhills, Tanarkshire

Palmullan Burn, Siraiton,
Ayrshire

Vithsdale, nr Sanguhar, Dumfries

Byne Hill, CGirvan, Ayrshire

Whitburn, Co, Durham
Allonby, nr.Maryport, Cumberland
Iangdon Bank, Unper Teesdale -

Treshopeburn, Weardale, Co,Durham

Habitat Grid Ref,.
Mountain 27/4957%4
grassland
Serpentine 26/O~m8n~
outcrop
Roadgide 26 /6586~
grassland

- 26/ TmrBemm
Rock 16/931795
ledges
Dry stone 16/931795
wall .
Roadside 16/929764
grassland
Goprer mine 16/942792
Wooded 16=97873%5
gorge

- 36/19-78=
Rock ledge  36/274725

- 36 /69 TOm
Grassy 36/ 7772
maritime cliffs
Machair 16/988A72
Machair 16/988641
Maritime 16/988642
cliffs
Rock ledges 36/Fwwbmm

- 16/ Buveollmee

- 26=584486
River gorge 26/8wm{-—
Sand dunes  46/046A77

46 /036475
46/051461

Maritime 26/253%159
cliffs

- 26/885166
Hill grass  26/374013
land

- 26 /832062
Serpentine 25/18«95—
grassland

- 45/ frmmeme

- 35/ Oreentfoeen

- 35/Bme3mm
Iead mine 35/6859384



TARLE 4.2 (~ont'd)
2n

Lnde_No

17.0
45.8
540y 6.0
73.6

1.2
4946
25.9

36.6,38,6

3449, 35.9
43,9

59,6

4247, 4347,

4447

TTsT

18,9
50.6
88,6

80,7

5.8
63,6
16.9

20,7
7647
17,9

7.8

29.6

68

4x

68

4x

68

4%

68

68

68

4x
68
68

4x

4x
68
ax

68

4x

4x

68

ax

dx

Incality

Little Fell, nr. Appleby,
Wegtmorland

High Torce, Upver Teasdale,
Co. Durham

Thistle Green, Cronkley Fell,
Upner Teesdnle, Yorkshire

Watondlath Fell, Borrowdale,
Cumberland

Striding Fdge, Helvellyn,
Westmorland

Chaoruinn, nr.Dalnaspidal,
Inverness '

The Cairnwell, Devil's Blbow,
Aberdeenshire

Struan, nr. Blair Athol,
Perthshire

Ben Iawers, Perthshire

Parkhill, Arbroath, Angus

Beirm Udlaidh, Glen Orchy,
Argyll

Ben Dorain; Bridge of Orchy,
Areyll

Jead mines, Tyndrum, Perthshire
Amulree, Perthshire
Stob Garbh, Ben Tmi, Perthshive

Waterfall on Fas Anie, Tyndrum,
Perthshire

Cononish, nr Tyndrum, Perthshire
Crianlarich, Perthshire

Gruach Ardrain, Crainlarich,
Perthshire

Stob Binnein, nr Crainlarich,
Perthshire

Kirkton Glen, Balguhidder,
Perthshire

Binnein An Fhidleir, nr.Inveraray,

Argyil

An Caisteal, Glen Falloch,
Crianlarich, Perthshire

Beinn Chabhair, Glen Falloch
Crianlarich, Perthshire

Glen Kinglass, or,Inverary, Argyll

Habitat Grid Ref,
Limestone 35 /784224
grasgland

- 35 /88w 8o
Sugar;lime-~ 35/84%284
stone

- 35/2mw1~=
Mountain 35/3n~1mm
rock ledge
Streamside  27/65~76~
flushes :
Mountain 37/127780
limestone
River gorge 27/81=65-
and grasg-
land
Mountain 27/64541.9
ledges and  27/637415
grassland

- 37/648454
Mountain 27 /2 Bomes
ledges and
Rhacomitrium
heath
Mountain 27/325%78
ledges
Rock ledges 27/3~m3-w
Grass heath 27/92-37-

Mountain
ledges

Rock ledges

Riverside
Grassland

Mountain
ledges

Mountain
ledges

Mountain
ledges

Mountain

27 [ 2emse R
27/289285

27/3%00285
27 [ e 2me
27/407212

27/434226
27/440220
27/52-24

27/230107

27/%82188

ledges (3000')

Mountain

27/365180

ledpes (27501)

Molinia
grasgland

27/235096




TARTE 4,2 (cont'd)

Code No

89.6
T247

4.6, 6.6

98,6
17.6
18,6

20.6
94.6
41.7
76.6, 79.6

46.8
68,6, T1.6

70.6
89.8
80,6

70,7
28,9, 27.9

69,6

60,6
31.6
64.8
81,6

65,8

86,6
66,8
1.7, 65.7

64.7
55.8
60,7

4.7

RA.8

2n
Ax

68

68

Ax
4x

68

68
lib 4
4x

4%
av

68
4
4x

Ax
68
4x

68
4x
4x

4x

4x
4x
68

68
4x
4x

4x

4x

Locality

Ben Tme, nr.Arrochar, Arpgyll

Benn Arthur, nr.Arrochar, Argyll

Ben an Lochain, nr.Arrochar,
Argyll

Strathlacklan, nr.Strachur, Arevll
Creag Tharsuinn, nr,Dunocon, Argyll

Carrachra, Glen Massan, nr.Dunocon,

Argyll
Beinn Mhor, nr,.Dunoon, Argyll

Rumbling Bridge, Kinraoss-shire

Silverdale, nr.Carnforth, ILancs

Strensall, Yorkshire

Inglewhite, Tancashire

¥Midhope Stocksbridge, Yorkshire

Puxton, Derbyshire
Tideswell, Derhyshire

Monksdale, Derbyshire

Noxrfolk

Whin Commom, Downham Market, Norfolk

Castor Hanglands, nr. Peterborough,

Huntingdon

Pont Brwyd, Cardinganshire

Breckland, nr, Branden, Suffolk

Thetford, NMorfolk
Beccles, Suffolk

Dunwich, Suffolk

Cavenham Heath, Suffolk
Dunwich, Forest, Suffolk

Fleam Dyke, Cambridge

Dunstable Downs, Bedfordshire

Farleigh, Warlingham, Surrey

"Isle of Wight

NORWAY

Norway

HOLLAND

Waesrhinenn

Habitat Grid Ref,
Mountain 27/254088 .
ledges (2750')
Mountain 27 /2605
ledges
Ledges and  27/221075
Rhacomitrium 27/217079
heath (1500~
29001)

- 26/01-95=
Rock ledges 26/086903
Rock ledges 26/091905
Rock ledges 26/097907
Grassland 36/019993
&mddmms 34 [4BoeT5m
Crass heath 44/649615

A4 /640618

- 34/539403

o 43/217997

43/230996

- 43/054718

- 43/ T
Limestone 43 [ LemcToms
cliffg

- 5%/82722%
Grassland 532/61.7010

- 52/1 G

- 22 /7 r-Bomen

= 52/798829
Woodland 52 /BeeicBrom

- 62 /5B

62/4meuBem

- 62/3 e Tomm

62/453722

- 52/ Temssboen

- 62 [ mormmm
Chalk 52 /5555
grassland

- 52/00~21~

- 51/36w61w

- 40/4=m8m
Woodland -



TABLE 4,2 (ront'd)

Grid Ref,

Code_No n Locality Habitat

52.8 4x Blnck Forest -
ATISTRTA

58.8 4x Turnitz -

60.8, 61,8 4x Rotmoosferner -

62,8 4x Niedertai -
SPAIN

24.7 68 Gorge of Rio Cares, nr,Panes, Oviedo Limestone

eliffs

25.7 68 Gorge of Rio Deva, La Hemida, Limestone
nr, Potes, Oviedo cliffs

22,7, 27.7 4x Los lLagos, nr.Covadonga, Oviedo On limew

. stone

30,7 _ Ax Pena Santa, nr.Covadonga, Oviedo
68458
26,7 4x Djedo, nr.Potes, Oviedo
ICELATD
9.1 68 Dyrafjérdur, M,W. Peninsula
2,1 4x Gilsbakki Farm, Hvitarsida,
Wo Tceland
3,1 4x Fgilastadir, B, Iceland
4.1 Ax Fagridalur, B, Iceland
5.1 48 Helousstadir, E.Iceland
6.1 4% nr. Tunga Farm, Breidafjordur,
E. Tceland
7ol 68 Breidalsheidi, %, Iceland
CANADA,
379 4x Newfoundland
Ax Lake Superior
PENTAPLOTDS AND HYBRIDS
Code Wo  2n Locality
33,944 85 Ben lawers, Perthshire
30490A 85 Ben lawers, Perthshire
22.9.B  88+2B Garvie Farm, Glendarvel, Argyll

Limegtone rock -
crevices 2500m

(8000")

limestone scree o

Streamside in e

vagture

Stony grassland -

birch wood

Stony grass

heath

Maritime
pastuare

Mountain
grassland

Fell field

Sand dunes

Habjitat Grid Ref,
Mountain 27/63%6408
ledges
Mountain 27/637415
ledges
Pasture 26 /0mmBes



TARTE 4,2 (cont'd)

Code No
76.8
72.8

73.8, 74.8
75.8

42.8
377
53.7
57.7
77.8

78.8

82,8 N
79.8

85.8
45.6

29,9
30.9
9,0
61,6, 62.6

91,8
25.8

22,8

346, 5546
1,6,2.6,

75Ty 1.1

16.7

an
6%

fx
6x

6x

bx

6x

6x

102

102

102

102

6x

6x
6x

, bx

Gx

6x
6x

102438

102

1024+6B Balnzhard Bay,

TNEXAPLOTDS
Locality

An Fharaid, Durness, Sutherland

Sandwood R=y, nr,Durness,
Sutherland

Borralie, Durncss, Sutherland

Smoo cove, Durness, Sutherland

Dun Glas, Helmsdale, Sutherland

Helmsdale, Sutherland

Northton, South Harris, Inverness

Seilbost, South Harris, Inverness

Imveran, Sutherland

Bonar Bridge, Sutherland

Tain, Ross and Cromarty

BEvanton, Ross and Cromartiy

South Tist, Inverness

Carrbridge, Inverness

N.®.Coir, Aonach Beag, Nevis
rance, Inverness

Carm WMor Dearg, Nevis Range,
Inverness

Ben Alder, Tnverness

Strontian, Inverncss
Calgery, Mull

Dervaig, Mull, Argyll

Bnsay, Mull, Areyll

Dishig, on Loch na Keal, Mull,
Areyll

Ben More, Mull, Argyll

Carsaig, Mull,; Argyll

Ardbhaan Cliffs, Oban, Argyll
Dun Mor, Rasdale, Argyll

Beimm an Lochain, nr. Arochar,
Arevll

;olonsay, Argyll

Habitat

Grid Ref,

Sand duncs

Sand dunes

Limestone
crevices

Limestone
grassland

Sand dunes
Dune pasture

Heathy road-
side grasge
Jand

Roadside
grassland

Roadside
grassland

Roadside
grassland

Rock ledges

Rock ledges

Rock ledge
and Rhacomi=
trium heath

Machair

Roadgide
grassland

Grass heath

Machair

Grassland
Rock ledges
Rhacomitrium
heath

Seaside rock
ledges

29/389705

29 /226656
29/216648

29/3%8765%
29/385653

29/418672

39/058173
29/95~09~
08/9==9mm
1.8/0=«9mw
28/57-97=

28/60=91

28/8108%7
28 /Gomen T

08/72m2%~
28/84~24=

27/198720
27/175714
27/487719
17 /Bl

L7/ B emme
17/416518

1.7/361497
17/492358

17/516340
17/528332
17/52433%

17/52-20m

Seaside cliff 17/8%-28~

Maritime
cliffs

Mountain
ledges

Sand dunes

L7/ TremLomes

27/221075
27/219075

17/426003



TABIE 4,2 (cont'd)

Code No.  2n
14.7 102428
62.7 102
10,7 102
11.7 6x
11,8 6x

21.6,21,9, 6x
22,9

21.8 6x
10,8 6x
18,7 102
39&8 6]{
41.8 6x
39,7 6x
100.6 102
86,8 . bx
13,8 102

24,9, %.0 102
6.9 6x
1.0 102
2.0 1.02

101,6 102

T4.7 6x

59.7 6x

92,6 6x

69.7 6x

61.7 6%

Locality

Uragaig, Kiloran Bay, Colonsay,
Argyll

Tiochain na Sgoltaire, Colonsay,
Areyll

Scalasaig, Colonsay, Argyll

Rubh an Dorain, Scalasaig, Colonsay,

Areyll

Inverlussa, nr,Tayvallich, Knapdale,

Argyll

Garvie Farm, Glendaruel, Argyll

Ben an 0Oir, nr, Kilberry, Jura,
Argyll

Tsle ofADanna, nr,Tayvallich,
Knapdale, Argyll

Port Askaipm, Telay, Areyll

Tangy, Machrihanish, Kintyre,
Aragyll

Machrihanish, Kintyre, Argyll
Campbeltown, Kintyre, Argyll
Wanlockhead, Lanarkshire
Southend, Kintyre, Argyll

Surmmit Plateau, Merrick
Kircudbrideghtshire

FNGTAND
Widdybank Fell, Upper Teesdale,
Co. Durham

Widdybank ®ell, Upper Teasdale,
Co. Durham

Widdybank Pell, Upper Teasdale,
Co, Durham

High Torce, Upper Teasdale,
Co, Durham

The Cronk, Tsle of Man

Upper Foxdale, Isle of Man

Xynance Cove, Lizard, Cornwall

Lizard, Cornwall

aaaaa

Ballintoy, Ballycastle, Co, Antrim

Slieve ILeasne, Donegal

Habitat Grid Ref,
Machair 16/391984
Rock ledges 16/389978
Roadside 16/395940
grassland
Limestone 16/406950
pavement

- 16/77=86m
Wooded 26 /O Brams
gorge
Calluna 16/497746
heath

- 16/69~78~-
Maritime 16/42~69-
cliffs

- 16/6552175

- 16/655260

o 16/744213

- 26 /Beesl enem
Sand dunes  16/599072
Rock ledges 25/428854
and BSalix
berbacea
heath
Limestone %5/815308
grassland

- 35/809295
Limestone  35/814295
grassland
Cliffs and  35/883285
riverside
(rasaland 24/%37960
and maritime
cliffs

- 24/279775
Maritime 10/6861%5
rock ledpes

- 10/l mmn
Coastal 16/ 24 (men

cliff ledges

95/ sty een



TARIE 4,2 (econt'd)

Code No 2n Locality Hnbitat Grid Ref,
63,7 10244B  Whitehead, Belfast - 15 /6mmelf e
19.8 6x Ben Bulbin, Slieo Mountain 95/ Tone memm
rock ledges
?20.8 6x Lough Cullin, nr,Pontoon, Co,Mayo Rock 94/3»—8--
crevices
17.8 6x Marnin Bay, nr,Clifden, Connemsra, Coral sand  84/6ww2-=
Co, Galway
15,8 6x Mickanasht, PTwelve Bens, Connemara, Rock ledges 84/7-=2--
Co. Galway
18.8 6% Dogts Bay, nr Clifden, Connemara, Shell sand  84/Twewlew
Co. Galway
3.7 102 Black Head, Co., Clare Limestone 93 [ L ewem Boire
102423 pavement
1.7 6% Mivinish, S, W, Galway - 93 ) [meeymm
88.8 6x Leush Nerg, Co. Tirperary - 93 /B 5erm
9%.6 6x Galtee > Mts,, Co. Tipperary - 92 /TrnsGomm
21.7 6x Alevia, N¥r, Panes, Nr, Potes, Genista
Oviedo higspanioas -
Erica vagansg
heath cn
limestone
CANADA
97.6 102 Isle Gasph, Quebec - -
ALASKA
14,1 102 Alaszka = e
CTHER SPRCTES OF CAMPANULA TNVRSTTGATHD
Lode Yo 2n Locality Habitat
Cecochleariifolia
6%.8 34 Neudorf die Umhausen, Otztal, Austria -
C.scheuchrzeri
61,8 4x Rotmoosferncr, Otztal, Austria -

C,ficarioides
28.7 68

Peurto de st. Glorio, nr. Panes, Oviedo,
Spain

Shale gravel

Comaired

e

34 Toubkal, Morocco Begside irrigation

ditch

i cnrni st

28 TLos lagos, nr Covadonga, Oviedo, Spain Limestone rock ledges
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ag either tetrapleoids or hexaploids, rather than fto know accurately the
chromosome number of fewer plants. Howevery I admit this could mean that
I might miss such discoveries as DBocher's (1963) find of a plant with
2n = T2 4+ 4By near Termignon in the French Alps; though the difference
between 2n = 72 4 4B and 2n = 68 & 8B could only be certainly detected by
meiotic studies. At one stage two plants from Beauly in Invernessweshire
did appear to have 2n = TOp but study of lfurther mlitotic preparations
convinced me that two of the chromosomes were smaller than the rest, and
the final couwnt was recorded as 2n ® 68 + 2B,

Cells consaining 136 and 203 (pr@sumably a mise—count for 204, hut
only 205 ohromosomes could be seen) chromosomes were found in preperations
containing otherwise only tetrapleid and hexaploid cells respectively (£ige4.4).

SECTTON 4 = MEIOSITS

Introduction

Bicher (1960) has carried out extensive studies on the meiosis of

diploid and tetraploid plants of C.rotundifolia e.s and C.giesecklana,

Though some plonts were lsrgely bivalent forming, others sometimes formed
large chromeopome associgtions at meiosis. These asscolations were inter-
preted ag resulling from {franslocation heterozygosis as hag been described

in Ocnothera (Catcheside 1930) and Campanula persicifolia (Gairdner and

Darlington 1931, Darlington and Gairdner 1937). In C.rofundifolia Bscher (1960)

reports that the formation of large chromosome associaltions at meiosis may
seriglsly reduce the fertility of a plant, presumably as a result of
irresular segregation of the chromosomes at anaphase . In some plants
anaphase bridges were frequent, In a later paper BScher (1964) attributed

much of the association between chromosomes at meicsig in C.rotundifolisa,

to "stlckiness"; which could be dug to technical faotorsg, bhut might also

have a genetic component,



Bielawska (1968) in a study of Polish tetrapleids records only
bivalenlt formation.

The method employed was to fix buds le2 mm long in freshly prepared
1 to 3 acetic aleohol and, after at least 24 hours fixation, to dissect
out a stamen and meuwnt it in a dvop of the lacto~propionic orcein gtain.
Using needles, the stamen wag punctured and sguveezed to expel the pollen
mother cells, the remains of the stamen removed, and the preparation
sguashed in the same way a8 3 roob-tip preparation.

Resulty

Tetraploid (77«T-A and 1;103) and hexaploid (20,8,D and 1,1.A) plants
were examined to see if there were any nmeiotic irregularities (bridges ox
laggards at anaphase I). No such irregularities were found. If the .
behaviour of these samples ls typical of British material, it would seen
that bilvalents are produced at meiosis and synapsis is normal,

The fact that no marked reduction in fertility, as assessed by seed
production following open pollination, wag noticed in any of the 500 or so
platnts maintained in cultivation also argues against any major occurrence
of meiotic irregularities,

SECTION 5 = CONCLUSTONS

Mitosis,

Deapite the very small chromosome size and the high chromesome numberg,
many accurate mitotic counts have been made from root tip squashes,
Tetraploids and hexaplolds have been recorded from the British Isles,
pentaploids have been recorded for the first time from the wild, and many
aneuploids have been produced in cultivation., The presence of Bec¢hromosomes
in tetraploids has been confirmed, and Bechromosomes havé been recovded fow

the firgt time in hexaploids.
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Melosis

After inditial difficulties the technicues required for meiotic
studies in C.rotwndifolis have been mastered, Unfortunately only a few
observations have yel been made, but in further work it is planned to
study meiosis in representatives of many topodemes., Varticular attention

will also be paid to triploidsy pentapleids and interspecific hybrids,




CHAPLER 5. MORPHOLOGY

LNTRODUCTION

In the previeus chapters evidence hag been presented to demonstrate thai

more than one taxon of the C.rotundifolis group may cccur in Britsin and at

least two cytodemes are present. It vas obviovs frem casual obsewvetion of
herbarium gpecimens, wild meterial, and plants in cultivation,that the
variabllity was very great. It was thorefore decided te make extensive
ohservations on a very wide range of meterial rather than teo restrict myself
to detailed observations of s few genotypes as has been done in mest previocus
studies (Bbcher 1960, Gadella 1964, Bielawska 1968, Kovanda 1970a). In all,
five to six hundred plants were observed .n cultivation over from two to six
years. In additiony, a few genotypes representing both the avefages and the
extremes of variation were selected for detailled biometrical studye.

Two particular objects were kept in mind in all morphological cobservations
- (a) could the cytodemes be meparated on morphological grounds and therefore
be deseribed as separate taxa: (b) to what extent was the variation habitat
correlated., Previous workers (Bﬁcher 1960, IHubac 1961, Cadella 1964) have

been wnable to separate the three cytodemes of Cerotundifelia s.s.

In other related species in which two cylodemes have been discovered (e.ge

Cogleseckiana, U.scheuchzeri), similar difficulties have been reported., Since

the original work of Turesson (19259 1950) no major work has been undertaken

on the eeological differentiation within Cerotundifolie, although some suthors

de make comments on the morphology of plants from particular habitats (Bcher
1960, Bielawsks 1968, Kovanda 1970c¢).

Throughout the course of fthis work, numerous characlbers have besn
subjectively assessed for their usefulness in separating the cytodemes, and
finally pollen sizey seed sizey and testa cell width were selected for objective

assessment as the charactexs most likely to give a taxonomic separastion, and
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which were amenable to statistical trestment.
The variation in individusl characters will be discussed in order
beginning with vegetative and finishing with floral characters. The headings

o be used avrege

Plant size Section 2
Rhizome development " 3
Leaves v 4
lairiness " 5
Hair size * 6
Nombexr of flowers per stem L 7
Habit w 8
Flower size and shape i 9
Tlower colour _ i 10
Pollen colour " 11
Ovary shape " 12
Pollen diametex i 13
Seed size B 14
Seed weight “ 15
Criticism of data on seed

characters te 16
Testa cell lumen width n 17

SEGTION 2 « PLANT. STZE

It 1= gometimes stated that within groups of »elated texa differing in
polyploid level, those at the higher polyploid levels are usually larger and
thicker in all theip parts. Although this may be true of some artificially
created polypleids, it is not generally the case, c¢specielly with natural
polyploids (Lewis and John 1963, Bowden—3946),

However, even if such size differences were visible in cultivation under
constant conditions, phenotypic variation due to envirommental differences
would probably make most size characters useless taxonomically with herbarium
specimenste This focused attention en the wvsually more constant floral
characters,

In cultivation in pots the tetraploild cytodeme yielded both the tallest
and the shortest plants (fig. 501). The hexaploids did geem on the whole to
have thicker stems, but this was more closely correlated with overy and corolls
size, (which were generally greater in hexaploids) and position of the flower

on the stemy than with polypleid level itself,




FIG. 5.1 Tallest and shortest British plants - both tetraploid.
Left - 86.6.C from Cavenham heath, Norfolk. Right -
41.6 ,B from Muir of Ord, Ross and Cromorty.

FIG. 5.2 Hexaploid from Muckanaght, Connemara, Co. Galway (16.8,3).



SECTION 35 e RITTZAOME DEYEJOPMENT

M though Cerotundifolia is eaid to have glender creeping rhizomey

(Clapham et ale. 1962, Kovanda 1970c), individwals have been found in which
rhizome development is greatly reduced. As described in Chapter 7, rhizomes
first avise from the upper regions of the tap root of a seedling, or from

the axils of the primany rosette leaves, and further rhizome development is
Trom the axila of the gecale leaves on such rhizomes., The rhizomes ave
indtially usvally positively geotrople to plagiotropic, growing somewhat
dovnwards into the soil, and in pots sometimes emerging through drainage holes
in the bottom in a tuft of green leaves, Later they usually become plagiow
tropic to negatively geotropicy rising towards fthe surface to produce either

o, rosette of basal leaves or & flowering shoot. Leaf development seems to be
controlled by light, a Pthizeome in darkness deep in the seil or in a crevice
will produce only scale leaves, while one near the surface (though still growing
horizontally) or appressed to the ingide of a somewhat translucent pot (plastic
poty are rarely completely cpaque) will develop normal basal leaves on long

petloles. Since the growth habit of the rhizomes ls plagiolropic, there is a

suggestion that Cerotundifolis growing on vertical and near vertical cliffs
might spread laterally moré rapidly than it would spread verltically, and
ohgervations suggest that this is $04

. The length to vhich a rhizome will grow before emerging to form o rosette
is probably t¢ a large extent controlled by the vigour of the plant; but a
certain component of the variation is genetic as some individuales regularly
produce many leng (up 1o 0.5m) rhizomes, while others only produce shorb
rhizomes, Plants Trom grassland always have long rhizomesg while cliff
. plants may have long and shorlt rhizomes.
The plant with the shortest rhizomes (if they could be called such) (no.

16/8/h, fig, 5.2) was a hexaploid from a ¢liff ledge on Muckanaught, Connemara




FIG. 5*3 The exposed maritime cliffs of Dun Mor at Easdale south of Oban,
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FIG.5«4 Cultivated specimens of plants from Easdale (1,6). The largest

specimen was grown normally while the others were droughted

and have protruding stigmas and (extreme -left)'|/'abnommally dissected
flower, ricjlyt



FIG. 5.5 Herbarium specimens from the wild,
(a) Lowland tetraploid (38.6) Perthshire, (b) Tetraploid from
serpentine (23.6) Glendaruel, Argyll, (c) Maritime cliff hexaploid
(69*7) Co, Antrim, (d) Dune hexaploid (53«7), Outer Hebrides,

FIG. 5*6 Recurved leaf tip of Spanish hexaploid (21,7 .B)



Bire, [t was densely tufted ag all branches of the rhizome ware negatively
geotropic. Neighbouring plants of the same population however had rhizomes
which were, if amything, rather longer than usual, growing extensively
through crevices in the roek face.

Relatively short rhizomeg are o feature of the ﬁexaploid papulatien
on the gxposed seaside basalt ¢liffs at Fasdale near Oban in Argyll (fige 5+3)
(populations 1/6, 2/6), Although in a high rainfall arvea, the cliffs themselves
are dry and very windswept, and do not have long harrow cracks through which

rhizemes might grows The C.rotundifolis plants are confined to very small

crevices, a conaiderable amount of rhizome often being exposed,
Hexapleld plants on the whole seem to have shorter, stouter, less

vigorous rhizomes than the telraploids.

| SECTION 4 e LEAVES

In cultivation many of fthe hexapleids were easily distinguished in the
winter vegetative condition. In eontrast to the majority of the tetraploids
the roselte leaves tend to be large, deep green, gmoothly rounded, rigid,
thick, and Ileshy locking, whilst the tetraploids' rosetie leaves tend to be
pale green, scomewhat cordatey dentategAthin and flexible, The large numbex of
trangitional leaves on the lower part of the flovering stems in many hexaploids,
1s already evident in eariy spring, and gives such plants a markedly different
appearance from at least the lowland tetraploids, which have very few
transitional leavés. The type of hexaplold described aboveé also has spathtd&tE?
blunt, stem leaves, tending to crowd ltowards the bLasé of the stem (fig, 5e4)s
Unfortunately, From the taxonemic viewpoint,; montane betraploids usually have
blunt leaves, and all exposed gea=cliff populations, of whatever polyploid levelg
have the stem leaves crowded towards the stem base- (fig. 5.5¢). In addition
to thisy many hexaploid populétions fall within the tetraploid range of

variation for the above characters.
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One of the Spanish hezapleids had its stem leaf tips recurved in a
peculiar hook (fig. 5.6)s This character was constant and characteristic
of this plant. Despite a careful search no other plant was found to possess

this feature,

SECTION 5 - STOMATAL B17H

Guard cell length and nwsber of chloreplast per guard cell are
charvacters which often distinguish between closely related taxa at differsnt
popyploid levels. (Mochizuki and Suecka 1955, Meinl and Rothmacker 1961).
Preliminary observationg did not suggest that a mwore detsiled study would
be rewarding, and these characters were nol examined further.

Guard cell length varied greatly within a ssaple from a single leaf, in
#ome cases the existence of two size classes indicated that somatic polyploidy
" might have cccurred. Wilthin a guard cell it was very difficult te count
acourately the number of chloroplasts; and so the attempl to use this charsoter

wag abandoned,

SECTION 6 - HATRYNESS

Although tetraploids from the Cantabrian Mountains in northern Spain were
completely glabrous, no completely glabrous British plants have been found.
Bielawska (1968, p.278) has shown by crosses between the ugually glabrous

Cevolymorpha (doubtfully distinet from Ceroturdifolia) and hirsmte C.rciundifolis

that this character was inherited in a simple Mendelian fashion with hirsuteness
being dominant.

Most Chrotundifolia plants are pilosey, most of the plant, except the upper

part of the flowering stem and the f{lowers themselves, being covered with short
stiff white hairs, Suvch hairs are usnally most obvious on the lower part of
the stems 'The edges of the petiole and the ridges of the stem usually heaxr

alightly larger bristles of the same type, In the reduction of hairiness these




hairg on the petiole edges and stem ridges are the last hairs to digappear,
There was no obvious difference hetween the tetraploids and hexaploids in
their degree of hairiness, though by far thé hairiest plants were the twe
hexaploids from northern Spain. The degree of hairiness does seem to gome
extent Lo be correlated with habitatbt, especially in the mountains. Plants
from warm dry sites are weletively hairier than those from cold damp habitats,
A particularly striking example of this was found on Ben Dorain near
Bridge of Orchy, Argylle A population (77.7) at 1050m (3500f%) on a southe
west facing rock ledge had remarkably hsiry besal leaves, The survounding

vegetation consisted largely of Rhacomitrium lsnueinosum, Polyirichum alrinuwm,

Bilene acaulise Dicranum fuscescensg, and Galivm saxatlle together with 8 other
flowering plant species, indicating,for this altitude,a relatively well draibed
and surny habitat.

| A few hundred yards away on an unstable solifluction slope in a coire

at about 900m (3000£t) the plants of a neighbouring population were almost
totally glabrous. The soil here‘was very wet, and the mejor species present

were Polytrichum alpinum, Peurnigerum, Pellia neesiana, Nardia scalaris and

Diplophyllum albicans, with occasional shoots of Cerotundifolia, Saxifiags

stellaris, and Festuca vivipara being the only vascular plants present e

vegetation typical of colves where the snow liegs late and which often never
receive direct sunlight.

A similar situvation was flound on & nearby mountain, Beinn Chabhair, in
Glen Falloch. Heve the hirsute south-facing population grow at 750m (2500f%)

in Fegtula-Agrostis~Alchemilla alpina grassland with scome Calluna on ledges,

while the more or less glabrous population on the north face grew in & crevice

at about the game altitude with Saxifracs nivalisg.

Unfortunately the living samples taken from the above two more ox less
glabrous populations died before becoming established in cultivation., However

some of the plants eollected from about 990m (3300ft) in the north facing coiré




of Aonach Beag, Ben Alder Forest, proved to be almost glabrouws. These
plants have grown to maturity in cultivation, and apart from one or two small
hairs on the marging of the peticle hasg and the stem ridges, the plants are
totally glabrouss Howevers eother plants of the same population are much
hairier,

There ig in fact no discontimuity in degree of hailriness in the plants
I have examined; ithe variation ranging from the totally glabrous northern
Spanish tetraploids, through the Aonach Beag letraploids with a few hairs,
and the normal British tetrapleids and hexapleids with pilose stems and leaves,
to the Spanish hexaploids with relatively long numerous hairg,

It was thought at one stage that hoxapleids appearod hairier than
textraploids and that this might be due to longer or broader hairs. A& careful
Vexamination of the hairs of cultivated plants showed that there was no major
difference in heair breadth between the ¢ytodemes, and no obvious consistent

difference in hair length. ' —

SECTION 7 - NUMBER OF FLOWERS PER STHK

Klthough it has been shown {BScher. 1960) that the mumber of flowers per
stem ls an extremely plastic characier, under controlled conditions ef

cultivation a considerhble genetic component has been demonstrated. C,giescckiarnz,

5 and mountain topodemes of Cerotundifolis s.s. are said (Bielawska

1968, Bocher 1960) to charascteristically have few flowered stems. My own
observations suggest that southevn and lowland plants have many flowered
paniculate inflorescences with branches coming from the axils of the lower stem
leaves. On the other hand northern and upland plants usually have few-flowersed,
racemose inflorescences, the flowering stems being unbranched except for the

occasional pedicel arising from the axil of one of the uvppermost leaves. A



FIG*5»7 Fast German diploid 48 .8)

FIG 5.8. Maritime cliff tetraploid from Ben Udlaidh, Argyll.



FIG. 3*9 Maritime cliff hexaploid from Co. Antrim
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(@) High altitude tetraploid. Droughted specimen on left. Right hand
specimen has seven corolla lobes.

(b) Mountain rock ledge tetraploid. Two droughted specimens on left, normal
on right.



diplaid from the North German plain {figs. lel, 5,7) exemplifies the
paniculate inflorescence type. Tetrapleids from Ben DouraiQZ?%einn,Udlaidh
in Argyll and bhexaploids from Northern Ireland (figsw 5.8, 5.9) exemplify

the few-Tlowered racemoge inflorescence type., In general the hexaploids

tend to be fow-flowered, The number of flowers per stem seems to be inversely

correlated with flower size, plants with few-flowered stems tending to have

Jarge flowers.

SECITON 8 = HABIT

Gadella (1964) has shown that there is no correlation between habitmtype
and polypleid level; all three cytodemes baving prostrate, erect, and lax
norphedenes,

In the British material described in this work, growth habit is very
clearly covrelated with habitats The growth forms described below were
retained in cultivation, and indeed were often much more obvicus in cultivation
than in the wild.

(a) In nearly all cases the degree of branching of the inflo%?ﬁces and
the number of flowers per atem increased greally in cultivation. Mowever, tall
grassland plants usvally bore paniculate inflorvescences, which were often
mechanically weak being supported by the surrounding vegetation in the wild,
but falling over when grown in pots (fig. 5.58). This is the habit I have
galled lax, and correspondg to Gadella's (100) pendant types This typé usuzlly
have very few trangsitional leaves, and mosi of the basal leaves are usuvally
withered by the time of flowering. Plants from upland grassland or short
lowland, usually meritime gragsslands bhave more racemose inflorescences and
stronger stems which remein erect even when unsupported (fig. 5.10). The basal
lemves are more persisterit and there are more transitional leaves present.

(b) All sea oliff and most meuntain ¢liff plants have short erect rigid

stems with the stem leaves crowded towards the bagse of the stem. Basgl léaves



FIG. 5.11 Maritime sea cliff tetraploid (5.8) from Argyll,

WA

FIG. 5.12 Spanish tetraploid (25.7) from gorge.



FIG. 5.15 Mountain cliff hexaploid from Muckanaght, Connemara, Co.Galway

FIG. 5.14 Prostrate machair tetraploid (2,7) from Argyll.



a (c)

FIG. 5.15 Scottish tetraploids. (a) Maritime cliff plant (5*%8).
(b) White flowered plant (64.6.B). (c) Prostrate
specimen from Rhacomitrium-Salix herbacea heath (44»7*3)

FIG. 5.16 Machair hexaploid from Colonsay, Inner Hebrides, collected in May.
First short stemmed flower laid down in wild, later development
morevigorous.
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FIG. 5.17 High altitude Spanish tetraploid.
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are prominent througheut the growing seagon. It seems likely that such
features are adaptations to eéxposed cliff habitats, In some cases (figa. Lola,
5.11) few transitional leaves are present, while in others they aré numerous
(fige 5ed)e

(¢) In contrast to the above, some mountain cliff plants have weak
straggling stems. Thig habit s characteristic of all the northern Spain
tetraploid populations {fig. 5.12) which are confined to vock ledges in
sheltered ravines and mountain ledges. A single nonerhizomatous plant in the
otherwise highly rhizomatous hexaploid poprlation on the eliff ledges on
Muckanaght in the west of Jreland has a straggling habit (figs. 5.4). This
wag in sharp contrast to the erect habit of the vest of the population
(£igs 5¢13)e

{a)} Prostrate and very short plants have rarely been found, and then in
.very exposed situations (fige 505b)e One heavily grazed machalr population

was prostrate ({ig. 5.14) a8 was & population in hacomitrivm~Salix herbaces.

heath (fige 5.15¢)e Planty of.these two topodemes had a very large number of
transitional leaves with relatively loeng internodes. Machair hewaploids at
Durness, Seilbost in Harris and in Colonsay bore flowers on very short stems
in the wild, but given fagvourable conditions in cultivation could grow
somevhat taller (fige 5.16)e A high altitude Spanish tetraploid topodeme
from 2400m (BOOOfﬁ).remained very short in cultivation (fige 5.17)

In conclusion it can thevefore be said that there is considerable ecotypie
differentiation in habit im both British cytodemes. Plants from tall vegetation
are tall and lax, those from exposed level situations prosirate, and those from
cliffs either stiffly erect (exposed cliffs) or pendant (sheltered cliffs and

ravine§L

SECTION 9 e FLOVER SIZE AND SHAPE

Flower gize i sometimes used as o taxonomic character in the Heterophylla
P

(Kovanda 1970e) and as a& guide to polypleid level in Cerotundifelia s.s. and
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FIG, 5,18 Lowland tetraploid from Aviemore, Inverness-shire.
Three specimens from wild on right, cultivated specimen
on left,




FIG. 5.19 The effect of damage to stem on flower size. The lowest
two flowers are on a branch inserted below point of damage
which appears as a white mark on the stern. The smaller

upper flowers are borne above the point of damage.



C.gieseckiana (Bicher 1960)., On the whole diploids gre sald to have gmaller
flovwexrs fhan closely related polyploids. This idea guided much of my early
field collecting in the hunt for British diploids, especially in the sandy
heaths of the eastern Highlandsg of Scotland whére great variation in flower
gize was noted, In this area the populations often seemed to be divided into
two types of plant, There were falrly large specimens with more or less
paniculate inflorescences and large deep blue flowers. Among those,
‘particularly in aveas of dry soeil, grew smaller more rigld plants with spikew
like inflorescences and small very pale blue flowers with even paler areas
between the veins of the corolla. These plants often had protruding stigmas
and flowers
(a character of CahiSpanégglehich witherad very wrapidly after collection.
It was initially thought that these populations might be mixtureé of
tetraploids and diploids; but in cultivation the second smalleflowered variant
became similar to the first type (fige 5.18) and all plants proved to be
tetraploid. Thus it was concluded that the initial difference in appearance
wag due to envirommental factors, of which drought seemed the most proballe,

To test this possibility, several plants were split into two and grown
glde by side in & celd frame in pots. Both pots of each clone were watlered
adequately till they began to flower, then the watering of one of each pair
was reduced ag much a8 possible without causing the plant to wilt too severly.
The droughted plants did produce smaller flowers with protruding stigmas on
shorter stems (figs. 5.4, 5.10), and in one case an abnormally highly
digsected flower was formed (fige 5.4 eztreme g Ai)

On a stem which was bent but not brokern, the flowers which developed
above the point of damage were gmaller and much paler than those borne below
(figs 5.19). The damage would probably restrict the flow  in both xylem and
phloem, so the small size of the upper flowers could be the result of lack of

water, lack of nutrients, or a combination of both.



FIG. 5.20 Lateral view of pleiomerous flower of plant 51.6.B from

Girvan, Ayrshire. Floral formula Kg Ag G*



FIG. 5.21 Face view of pleiomerous flower shown in fig. 5.20



FIG. 5.22 Normal flower and male sterile "double" flower with petaloid
anthers from a plant from Glendaruel, Argyll (25.6)

FIG. 5.25 Flower with straight corolla lobes of hexaploid plant 75*7«A
from Ben an Lochain, nr. Arrochar, Argyll.



The position of a flower on the stem can also have a bearing on its size
end the numbers of fleral partsz. As described for Greenland plants by Bbcher
(1960), high altitude British tetraploids and many hexaploids often have six
corolla lebes in the leading flower of many stems. ILateral flowers on the
same shbems usually have the normal 5-lobed corollas., A lowland specimen
(51.6.B) always bore leading flowers with the floral formula Ky 0(8) Ay G
(figse 5420, 5.21)e If lateral flowers were present the uppermogt‘laterai
flower often had 6 oy 7 corollas lobes, but the corollas of the lower laterals
were DH=lobed,

The lateral flowers of someé genotypes frequently had fewer than 5 corolla
lobes, though the corolla length of these flowers wasg no less than that of the
leading ilower. Thig Teaturs was particularly noticeable on g white flowered
plant (64.6.E), whose lateral flawers often had the floral formuls, K3M4C(3)m(4)
A3W4G§. | |

The tendency for a plant to have flowers with more or fewer than the normal
number of parts in certain vegions of the inflorvescence is genetical%y'
controlleé, All'plants showing puch characlteristics were congtant in displaying
then over geveral years and in cultivation under different conditiens,

Although not observed in the course of thig study, a teratological form

of C.rotundifalis with free petals has beesn reported from Switierland {quoted in

Kovanda 1970a). de small slender stems each bearing & single {lower with five
¥ree petals collected on Freshwater Down in the Isle of Wight in 1897 are
preserved in the British Museum. Whether this variant is phenotypic or genotypic
is unknowrie

Two planty (Nos. 25.6.H and 38,6.H) occasionally bore flowers with petaloid
stamens which contained no pollen (figa‘ﬁ.QZ)g These wWereé nearly always
lateral flowers, but only a small proportion of the laterals were modified in
this way. If the frequency of male sterile flowers could be increased either

by medifying the euviromment or by breeding a plant with a higher proportion of



FIG. 5.24 Mountain hexaploid from the Merrick, Kircudbrightshire.
(15.8 .C)



FIG. 5*25 Flower of Spanish Hexaploid 21.7.B



the '"double" male sterile flowers, such plantg could hé very useful for
breeding experimenhs.
The degree of dissection of the corolla has often been measured in

guantitative stodies of C.rofundifolis and its allies (Bielawska, 1964,

Kovanda, 1970&)5 but the results were of no great taxonomic significance.
Observationsg on the plants of my eccllection suggested that the range of
variation in both the tetrapleids and hexaploids was much the pome.  Alsog
droughting could affect the degree of dissection (fige 5¢4)s

The degree to which the corolla lcebes are recuryed is ver& constant and
characterigtic for a geﬁotypeg but observation suggested that this character
wag so variable within a cytodeme that i% ~ould not be used to distinguish
tetrapiolds @nd hexaploids, The extremes of the range of variation are best
_iliustrated by two hexaploidg. A Scottish mountain hexapleoid plant from
Argyil (75.7.A) bas lobes which are hardly recurved at all, (fige 5.23), while
the hexapleid from the Merriek, Kircudbrightshire (13.8.C)(fige 5.24) has
highly recurved lobes,

Theloverall shape of the comrolla is to a large extent controlled by the
form of the base of the corolla, but with the leungth te breadth ratio playing
& part, The corolla base yaries from hemispherical (figse. 5.23, 5,24), giving
& cup or deep gaucer shaped corolla; to gradually tapering (fig° 5.25), giving
a trumpet shaped corolla, The form of the corolls base (and ovary) is difficuli
to determine.from herbarium specimens. The hemispherical corolla base is
usually associated with a relatively short broad corclla and a hemispherical

ovarys This characlter combination ig a disgnostic¢ feature of C,zieseckiana

and is usuwally found in plants froﬁ northern and high altitude locdlities in
the British Isles and Rorthern Spain, whether the plants be tetraploid ox
hexaploids A plant with a tapering corolla base usually also hag a relatively
long narrow trumpeteshaped flower and an ovary which tapers into the floverw

stalk (£12:5025)0
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SECTTON 10 = FLOVER COLOUR

The flower celevr of C.rotundifolis is usuwally described as blue, and
bluebell is a frequent name of the species in several language (e.gs Bluebell
of Scotland, BlAklukka in Icelandic, Blaaklokke in Danish)s. IHowever the

flower colour dces vary considerably, from white through all shades of pale
blus te & deep blue, and sometimes even a violet blue, White flowered planty
oceur rarely throughout the range of the species (Clapham et, al 1962) and ¥
have seen specimens from Scotland, Iceland and Bast Greenland. The flower
colour of 38 blue-flowered plants was th;refore matched with the ceclours in

the Royal Horticultural Society's colour chart to see if examination would
reveal apy congistent differences between cytodemes or topodemes, or any

clinal variation (Table 5.1). The plants exemined were chesen to represent
-the range of flover pilgmentation found in the collection, and so probably cover
most of the variation shown by, at least, British specimens.

The colour code ls such that ag the number increases from 85 to 94 the
amount of violet decreases and the colour becomes a more true blue. The
letters after the number signify the intensity of the pigmentation, A denoting
the deepest colour and D the palest,

The flowers nf the Spanish tetraploids had much more vielet in theix
corolla. pigmentation than plants from elsewhere. - Also they all have a
relatively deep pigmentation, falling into the categories 854 and 87A. The
rather different looking high altitude Spanish tetraploids have flowers of the
same general colour, but of a lighter hue (873). Slightly less violet flowers
are found in the Fast German diploid and an Austrian tetraploid (88B), The
other plants,which were all British, have flowers of a much truer blue, falling
into the categories 90D, 9LA B C, 92A B arnd 934 B ¢ Dy Noe 21.7.B, the
Spenish hexaploid, had flowers of the colour 94C.

These data svggest that there are delinite geographicsl differencesg in




TABLE 5.1

i it

PLOWER COLCUR AS MATCHSD AGAINST ROYAL

HORIICULTURAL SOCTETY COLOUR CHART

(A2 the number increases from 85 to 94 the colour changes from violet
blue to a truer blue, (A) denoting a deep pig mentation, (B) (C) and (D)

denoting progressively lighter pigmentation)

Flower

Golour Plants

85A 1 Spanish 4x

8TA 1 Bpanish 4x

878 High altitude Spanish 4x
868 E.German 2%, 1 Ausirian 4x
90D 1 Seottish 6x

914 3 British 4x, 3 British 6x
91B 1 British 4x

91C 1 Irish 6x

924 4 British 4x, 5 British 6x
9218 1 Irish 6x

93C 1 British 4x

944 1 Irish 6x

94B 1 British 4x, 2 British 6x
94C 4 British 4x, 2 British 6x

94D 1 British 6x, 1 Austrian C,cochleariifolia




£lover colowr, with British plants being of & much truer blue than ﬁpecimeﬁ%
from Spain, Austria and Germany. Thig result is backed up by further
ohservations on wild and cultivated material of other pepulations from Spain,
Kustria, the Black Porest and Muniche The Spanish tefraploid populations in
particular stand out through their having a relatively uwniform deep vieled

colour similar to that of C.mcheuchzeri and the tetraploid Spanish C,ficarioides.

At the other end of the scale the plant with the lightest blue flower, an Izle
of Man hexaploid, has the same flower colour ag an Austrian plant of

Cu.cochloariifolia,

SECTTON 11 - POLLEN COLOUR

Pollen celour has occasionally been noted in members of the Cerotundifolis,

complex, Bocher (1960 pe52), describes all Geeenland plants as having white
pollen. & clagsified a number of plants into 5 pollen celour classesy+ cream
{probably the same as Bocher's white), very pale mauve, pale mauve, meuve, and
deep mauve (table 5.2). Bxcept that white flowered plants always had cream
goloured pollen, presumably because they totally lacked anthocyanins, there
wag no correlation between flower colour and pollien colour, There was algo no
correlation between the polyploid level and/or geographical origin and pollen
oolour, and the vﬁriation within a single topodeme was sometimes considerable,
Among the tetraploid topodemesg that from Fleam Dyke near Cambridge (1.7) had
B orange frOm vale to deep mavve, while that from Ardlamont Point in Argyll
varied from cream to mawve, The hexaploids behaved in the same way, an Isle
of Man population varying from eream to meuve, and one from Strentian, Argyll
'from very pale meuve to mauve, The one Greenland dipleid in my pessession
hggigéle mauve pollen. Pollen colour might prove to be a useful character for

genstic analysis.



JABLY 542

POLLEN COLOUR

Colowr British Brit;sh Others
tetraploids Hexaploids
Cream 9 3
Very pale
nauve 4 4 Greenland diploid
Pale mauve 19 10
Mauve 22 19 Spanish hexaploids
Canadian hexaploid
Iast German diploid
Deep mauve 1 1




SECTION 12 « OVARY SHAPE

The ovary shape lg besgt examined in the bud stage, and varies from
conlical to hemispherical.

Observations on British tetraploids have led me to postulaie that a
hemispherical ovary ig usually associated with g hemispherical corolls base,
and is most frequent in plants from northern and upland aread,

By far the most strikingly hemispherical ovaries are however found in
hexapleids from exitremely harsh halhitats such ag the very exposed ses cliffs
at Basdale in Argyll (fige 5.4), and the mountain summit platesux of the
Merrick (fige 5¢24) and Ben Alder, 4 hexaploid frem Ben an Lochain, Argyll
which eccurel in an otherwige tetraploid population had ovaries which were
markedly more hemispherical than those of the surrounding tetrapl@idse‘
Hexaploids from one of the most exfreme habitats in which I have seen

Gerotundifolia growing, namply begide a gemi-permanent snow pateh at 1000m

(3000£4) on fonach Beag in the Nevis range; .... had conical ovaries, Hexaploid
populations from other, less exireme, envirornments have the same sort of range
of variation in ovary shape as the tetraploida though there is unsually a
preponderance of individuals with more or less hemispherical ovaries. Where

the ovary is hemispherical it is broader than long, and this is the key

character teually used to define (.gieseckiana, Podlech has jidentified a

number of British specimens in fthe herbariuvm of the Royal Botanic Garden,g

Edinburgh as C.gieseckiane, sclely, I helleve, as & consequeénce of their

baving more or less hemispherical ovaries (see Chapter 3%). I think it is
impossible to believe that they could belong to a separate species, genetically

igolated from the surrounding C.rotundifolis populations., My observations

ont thé specimens have led me to believe that they do not differ in any

congistent way from C.rotundifolia, and from their geographical Locations I

should expect them all to be tetraplalds,



SECTION 13 = POLLEN DIAMTIER

(a) Introduction

Pollen grain diameter has been claimed to be the most reliable single

character for the separation of dipleids, tetraploids and hexapleolds in

Corotundifolia and related gpecies (Kovanda 1970a, Bicher 1960)s Kovanda
points out that pollen size can only be a gwide to polypleid level in
gomparisons bztween presumed closely related cytodemes.

Between what are presumed to be related taxa from very dilfferent
geographical localities pollen size may be an unreliable guide to chromoscne
nunbeirs However within a limited geographical area it is often a good
indication of polyploid level. Bicher (1960) describes how the Greenland
diploids and tetraploids can be falrly reliably distinguished by pollen
graln size, as can the European dlploids and tetraploids. However the
Greenland diploids have pollen of much the mame size as the Buropesn tetrapleids.

In general it is usually assumed that the pollen grein size of a species
ig very constant, being 1ittle Influenced by external factors, and more ox
less proportionél in volumeé to the amount of D.Noho present., A good deal of
work on factors affesting pollen size is reported in the literature., Liskens
(1964) states that apart from genetic factors (many genes have an effect on
polien gize), envirqnmental factors such as water and mineral supply have

an effect on pollen sizee Schoch=Bodmsy (1940) reports a difference in pollen

size between main and lateral flowers in Lythrum salicaria. He algso guotes

earlier works recording reduced pollen size with low temperature in linaris

gendstifolis, and Antirrhinum majus, and towards the end of the season (Late
October) in Oengthera, Further work on temperature by Kurtz and Liverman (1958)
showed that pollen diameter decreased at high and low night temperatures in

tomato and cocklebur (Xanthium canadense), and at high day temperatures in

cocklebur. Mikkelsen (1949) however, attempting to study the effweot of



Damperature Pollen diameter
S ’ with standard
geviation
15% o 65 7 1.4
22%¢ | 72 1,6
JE"‘Q »
29%¢ .6ty

TABLE 5,11 THE TESTA CELL WIDTH OF 24 CLONES GROWN UNDER UNIFCRM CONDITIONS
{THE FIGURES GIVEN ARR THE MEZAWS o 10 CELLS FROM 2 SEEDS OF BACH

CLONE, AND THE 95% CONPIDENCE LINMITS}

o - " s bk e R . y N it B _ 5 PP IR TR v e F RIS
% g S i . 4 < ” e ki e aatid b iR bt ey Chri i Certiae

&g Ploidy, Locedity, Testa cell 95%.contidence
| devel yidthbe u Jimits
God C 4= Arrochar 2,07 0.57
603 4% Derbyshire L R 0435
6B 6x Carrbridge . . 240 D17
6o 4% Vair of Ord : : 2672 0.41
6.0 4x Suffolk 2.79 0.39
T oAk 4x Bridge of Orchy, Argyll 2,86 0.36
N 4% Aberdeen 2.86 ' 0,36
Tk 6x: Arrochar 293 D.%9
V6.8 43 Campsies 507 0.59
8.8 6% Inverany Southerland 5422 0.64
yTeC 4z Cambridge .15 0.7%
J8eA 6x Conremnard, 9,29 : 0.70
BB 4% Tighmabruaichy Aregyll %458 0.63
v ol A% Bridge of Orchy 3012 0.28
' 7.C 6x Co. Clare 4422 1.11
»860C A% Carrbridge 4.%6 0,68
8D i Co. Mayo 5401, A 0.55
o ToN 6% Harris 543 0.84
N 6x Lizard © 5443 0.92
o8aD (N Connemnars 5e9% 1.09
8D 6x Cos S1ligo 6.65 1.27
«6.C 6x Oban 6.86 0.81
R 4% Norfolk 704 1.06

2 Beld 61}{: MulX ?ea:‘:’) 1.18



temperature on pollen size in Palaéonium zonale come to the conclusgion that
nutrition was a most Ilmportant factor, temperature affecting the growth of
the plants, and thus the nutrition of the developing pollen. His results
are given in table 5,3,

The plants at ISQC and, 290C were growing poorly. It can be seen that
the differences hetween the highest and lowest averages (61 and 72) is 18%
of the lowemt.

If it ig sssumed that the volume of a pollen grain is propoftional to
~ the amount of DeNohe it containslthe expected differences in the diameters
of the pollen grains of diploid, tefraploid and hexaplold cytodemes are
shown in table 5.4, The 18% difference in diameter caused by envirormental
fastors in the above experiment can be compared with the calculated increase
in pollen diareter of an autotetraploid over its @iploid parent of 26%,and
a diameter increase from tetraploid %o hexaploid of only 14,.5% of the
tetraploid pollen dismeter. It can therefore he seen thal envirvormment alone
might cause an aubotetraploid to have smaller pollen than its diploid
pavent, if the diploid were grﬁwing in favourable conditions and the tetraploid
in’unfaVOur&ble conditiéns, This problem could be overcome to a ceriain
extent by growing plants whose pollen size is to be compared in a similan
favourable environmenty but it peints to the dangers invelved in drawing too
definite conolusions from pollen from herbLarivm specimens (cofs the suggestion
by Bocher i960 that diploids were probably preseni on the Isle of Wight and at
0xford).

My objeel in investigating pollsn size wag primarly to find out if it
could be used to separate tebraploids and hexamploids, but a few observations
were also made on the effect of the position of a flowex on a raceme and

envirommental factors.



TABLE 5.4

THE RELATTONSHIP BETWEBN THE DIAMBTIERS OF

SPHERES WHOSK VALUMES DIFFLR BY FACTORS OF 2 AND 3

(iecee the expected sizme differences between diploid, tetraploid and
hexaploid pollen grains if their volume is proportionate to the amount

of DeNoho present),

Ratio of wvolumes

of epheres 1 § 2 2 3
E — Z
Ratio of 5/ ¢ e L)
dianeters A1 4TT 41Y
- 1.00 H 126,0 3 144,2

Therefore the diameter of tetraploid pollen would be expected to be 26%
greater than that of a diploid, and hexaploid pollen 14,.5% greater than

" that of a tetraploid.
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(v) Methods

2 remets each of 30 olones (1 diploidy 14 tetraploid, and 15 hexaploid)
were potted wp using the same compest in 6 inch plastic pots and spaced about
4 inches apart in 2 random blocksy each block containing one ramet of each
clene. Hach block was survounded by similarly potted plants to negate any
gdge effect. The planite were allowed to grow undisturbed in the greenhouse
for ten weeks, during which pericd they made rapid growth and flowered.
Herbariwm specimens were then taken from each plant and, when dry, the pollen
Irom & strong lateral bul measured, without pretreatmenty in 200 me.c. silicone
oil using an oil immersion lens. Concurrently, pollen from other herbarium
specimens was measured in the ssme way to invegtigate position and environmental
effects. vIn each sample 50 grains were measured,

The results were calculated with the aid of a KDI'9 computor,
(e) Results

(1) Position effect

The regults in table 5.5 suggest that the pogition of a flower on a stem
hag little effect en pollen sizme, even though in the case of plant 5L.6.B it

had - & nmarked effect on the number of flowal parbs.

(i1) Bovirommental effects

No obvious geneyal trend can be noticed in pollen sizme between the
different envircmments, The drouéhted and shaded plants had pollen which was
sometimes plightly larger, sometimes smaller than that of the greenhouse grown
planta, despite the very much smaller flowérs of the droughted plants, FPlants
from the wild haa pollen of much the same size as greenhouse grown plante, or
2t least this is suggested by the two results obtained despite the gross
difference in habit (fige 5.18).

Two of the plants grown outside in full sun have ocbviously larger pollen

than ramets of the same clags grown indoors., The opposite result was obtained

with a éimilarly treated 3rd clone, but the outside ramet (with the smaller



TABLE H.%  THE EFFECT OF FLOWER POSITIQN AND ENVIRONMENT ON POLLEN SIZE

L i

Code No. Polyploid Greenhouse In pots
of plant level later Term outside
o wa,], inal

51e6.8 x 4z %2.45 33,40 ' -
0,49 50458
55016.& Gx 33;1? §3992 L]
. ;t0049 :‘};0049
lOOaéoa . 6}; 33010 i L ,30.3,:}1
50,42 f0,28
61,74 6y 29,22 » 53,02
F0.34 50,38
93,644 62 29,32 ™ 52494
: ¥o.42 40,55

The diameter of pollen of this plant from the wild was 32.42‘30“57

TABLE 5,6  THE EFFECT OF TWO DIFFERENT ENVIRONMENTS ON POLLEN SIZE

Code No. Polyploid Pollen diameter in u.m, with 957 Confidence Limits
of plant Aevel |
Experimental In cold frame
layeut in i droushted
Greenhouse ,_r,fmd shaded
86,6 A * A . 28,TT 29,533 31082
to.30 E0.40 0,44
77.7e4 4 ' 29439 29,92 29,43
: £0,6% $0.80 . 0,52
60648 4% 30,95 32.21 29,95
: Yo.38 L0,49 50,45
16,0 6x. 28,56 31.68 52,71 32,89
%0.31 %0,48 20,55 L0.47
59,740 éx 5073 35,70 i 33,97
_ 50,38 0,44 %0.4%
750704 6% . O BA.67 35.12 55,82
$o.50 Zo.49 Fo,92

» The dismeter of pellen of this plant from the wild wae 28.27;’:'0,54



pollen) was very ueak and unhealthy.

A few tentative conclusions may be drawn from the above resultg._ Therg
s a suggestion that the largeslt pellen will be preduced by vigorous plants
grown outdoorse. Adverse conditions (e.g. drought and shade), even of 2 months
duration, do not seem to have much effect on & vigorous plants However a weak
plent (i.e. with thin spindly single flowered stems) will probably have small
pollen grains, irrespeetive of whether the weakness has been the result of
competiticn in the wild or waterlogging in & pote

(ii1) Genetic effect

The resulis of the éexperimental blecks described above are given in
graphical form in fig. 5.26 and the figures in table 5.7,

It can be seen that the one diploid plant has much smaller pollen than
any other, Howéver, & goed separalion of tetiraploids and hexapleids was not
obtained, though the teitraploids did~tend t0 have smaller pollen than the
hexaploids, 0f the 29 tetraploids and hexaploids, the plants with the 7

Lowest means sre tetraploids, and those with the 9 highest means are hexaploidse

{4) Discussion and conclusions

‘The gbove results showy that pollen size, at least on its own, is net a very
reliable indication of polypleid ieV@le

The most remarkable result is the loy and falrly constant variation in
size of the pollen from a single flowere Thism iw to be contrasted with the
great variation which may oceur between different flowers of the same clone
(€es 5907-A)e Within a clone there is no obvious correlation with other
fleral cheractérs, two large flewers often having pollen of different sizes
while amall and large flowers may have pollen of the same size,

(i) Giant pollgn g;ains

Gtisnt pollen was seen in several samples of both tetrapleid and hexaploid

plante, reaching a frequency of abeut 40% in plent 51.6.Bs These grains, which



TABLE 5,7 THE POLLEN GRAIN SIZE (DIAMETER) OF 30 GENOTYPES GROWH UNDER
o UNIFORM CONDITIONS
Lodg No.  Eloidy, locality Yean.pellen Mean.Diam.  Mean.Diam
level diama. of 2 and 95% and 954
saupies of cgontidence cenfidence
20, gralns limits of limits of
‘ o sample (1) sample (2)},
48.8,A 2% Bast Germany 25,90 25,64%0,28  26.16%0,35
864640 Ax Suffolk 28,18 07.65%0,46  28.71%0,57
41,6.B A% Muir of Ord 28,87 28,85-0,48  28,8850,38
3,748 4% Tighnabruaich, Argyll 29,00 28,1050.39  29,83%0.56
1e7.0 Ax (Cambridge 29,06 28.7150.44  29,41%0.43
46,644 4x Aviemore 29,06 28,77%0.30  29.33%0,40
80.6,B 4% Derbyshire 29,21 26.1470.38 30,280,357
TTaTeA 4x Bridge of Orchy, Argyll 29,66 29,39%0,63  29,92%0,80
16,0 6x Oban 30413 28,5850,31  31.68%0,45
84.8.C 4x Aberdeen 30,23 29,61%0,51  30.84%0,46
51.74C 6x Cos Clare B0.47 29,1140.44  31.83%0.40
164844 6x  Conncnars 30,69 29.9550.39  31.,43%0,41
644643 4 Campsies 30,83 29,5750,37  32.29%0,38
21..8,8 6 Juta, 30,95 29.6150,43  32,2950,40
44aToh 4x Bridge of Drehy, Avgyll 31,56 30,4550,54  32.6750.38
6s60h 4x Arrochar 31,58 30,9540,38  %2,2150,49
20,8, 63 Cos Maye 31,69 | 30.8050,40  32,57%0,46
644840 4% Norfolk 31,89 51,8250,54  31.9650,51
101.6,H 6x Tele of Man 32425 31.9650,46  32.5350.45
60,6,C dx  Aberystwyth 52,51 51.4650,335  33.16%0,34
68,8.0 Ax Corrbridge 32,49 32,4350,53  32,55%0,38
16.8.D 3 Connemars 32,71 31.7§3:Oo 39 3%683:50,47
45.6.3 6 Carrhridgs 33,06 32,7650,52  33,55%0,48
19,840 B o, Slige 33,20 32,2960,44  B4.11%0,62
594754 63  Lizard 53022 30,730,368 35.70%0.44
83.8.D 6%  Teesdals 33,78 334 78%0,41 ‘
TTe8.B 6% Inverans Sutherland 3%.85 33,2050, 42 34,5060, 39
5108eD 6x Ml 4017 33,3350,44  35.01%0,52
T5¢7 o 6x  Avvochar 34490 34,6750,50  35.1250,49
5371 6%  Harrig 57492 55,86%0.53  39,9740.44



Lode No, Locality

_53.1.N (6x) Harris 5
15274k (6x) Arrochar - A
51.8,D (6x) Mull e
77.8,B (6x) Inveran, Sutherland __‘:Ar;’rf ‘
83.8,D (6x) Teesdale ——

59,7.A (6x) Lizard e
19.8,D (6x) Co, Sligo e
45.6ﬂ5 (6x) Carrbridge T
16,8,D (6x) Connemara e
68,8.C (4x) Carrbridge 2
60,6,C (4x) Aberystwyth -

101,6,H (6x) Isle of Man &

64.8.C (4x) Norfolk L:E::
20.8,B (6x) Co, Mayo L—‘:f_g/;;’_m
6.6, (4x) Arrochar __‘:reiﬁ’“‘

44,7,A (4x) Bridge of Orchy
21,8,8 (6x) Jura

64,6,B (4x) Campsies - - e
16,8.A (6x) Connemara _~‘:,e?;’“—

31'_‘7er (GX) coo Clare w/e/—*
84,.8.C (4x) Aberdeen e
_w.:l;_!”é.gg (62{) Oban _—,‘/9__4-—'7"——
TTeT.4 (4x) Bridge of Orchy, Argyll ;E
80,6,8 (4x) Derbyshire -t
46,6,4 (4x) Aviemore L
1,7.C (4x) Canmbridge 7
3. 7.8 (4x) Tighnabruaiqh, Argyll —
4)..6,B (4x) Muir of Ord §
86.6.C (4x) Suffolk &
48,8,A (2 E,G A __2§
(2x) ermany 1 | ) i | I i i | | 1 ] }
25 26 27 28 29 30 31 32 33 34 35 36 37
FIG, 5,26 The pollen diameters of 30 plants (1 diploid, 14 tetraploid, 15 hexaploid),

The code numbers of the hexaploid plants are underlined, Lach horizontal
line represents the 95% confidence limits for the diameters of %0 pollen
graina., In all but one case measurements for one flower from each of two
ramets of each clone are given, tpgether with the mean for that clone
(circled),



were emitted from the above samples, wére very obvieously larger than the
majority of the pollen grains and werg probably the resull of the malfunctiening
of meiosis giving rise to pollen with the unreduced chromeosome number.

(31) Comparisen with othzr workers® resultg

In comparison with other workers' results, the pollen measurements given
above are rather emall. This is probably because BScher (1960), Gadella (1964)
and Rovands (19702) preireated their pellen and mounted it in glycerine., This

technique has been criticised by Andersen (1960),

SECTION 14 w SHED STAN

BSeed nsize hag besn used to distinguic) between dipl@ids and tetraploids
(Eécher 1960, Kovenda 1970}9 80 it was therefore decided to make.measurements
to find if this charscter was of any help in distinguishing between the
tetraploid and hexaploid cytedewes in Britain,

The length and breadth of 10 seeds from each sample were measured at a
magnification of X100,

Most of the seed samples wore taken Irow the plents used in the study of
pollen mize, but som:» samples vexs also taken from plants of some cf the same
cloves growing in awvother greenhouze te exomine variation within a clene. The
results were calculated using modifications of the compuler programme veed te
caleulate the data on the pollen measurements,

From table 5.8 it can be scon that length aleone gives wvirtually nc guide
to the polypleid level of the plant on which the seed was formed. This is
glso true of breadth alone and the length to breadth ratio.

Length x breadih gives some separagiion, the hexaploids having higher
values than the tetraploids, Hovever, & tetraploid from Thetford (64.8,C) has
large seeds well within the hexaploid sisze range, and the hexapleoid from Ca Clare
(37.7+€) hae small seeis, about the same size of those of many of the

tetraploids,



TABLE 5.8

Ploidy

Sodg Moo
N devel,

3148 4%
43,68 4%
86,640 A%
6,604 4%
1470 4%
84.8.C 4%
68.8,C 4%
C Bl.T.C (S
1170 A%
20.8.8 6z
64.6.3 4x
16.8.4 6%
B3s TN &
19,8.D 6%
LeboC 6%,
21.8.1 6x
59¢Teh 6%
6448.C 4%
16.8,D bx
T5: T4 ox%
T748.3 éx
45,6,8 6%

THE SEED DIMENSIONS
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docallly,

Tighnabruaich,

Argyll

Muir of Ord

Suffolk
Avrochar
Cambridge
dberde¢n

Carybridegs
Coy Clare

Bridga of Qoehys
Argyll

Cos Mayo
Campsies
Connemaxe,

Horrig
Ca. Bligo
Qban
Jura,
Lizard
Norfolk
Connemarsg

Arrochanp

Inveran, Sutherland 56,542,8

Carrbridge

OF 24 CTONES GROWN UNDER UNIFORM GONDITIONS
{"HE FIGURES GIVEN ARE THE MEANS OF 30 SEEDS AND THE 95%
CONFIDENCE mmmﬁ} :

lenng  lenglh  lemh  Hesadih
Breadih , AL A
Q&ﬂ%ﬁggﬁ
20,5004 1.65%0,00  728%33  4z3tie
26,6517 2,03%0,05 844534 416%1%
27.281.1  2.02%0.14  e53%22 422i20
28.5%2,0  2.3650,11 94344 400»15
s0.081.6  2.12%0,14  9wsdze  a34da6
50.191.0  2,12%0,09  91el2s a3adin
30,152,5  2.43%0.14  980%36  407d2s
51.251,6  2.23%0,09 971836 436%13
51,561,1  2.65%0.11 1050%15  s97di4
31.9%1.4  z.esfo.ns  9m¥ze 43stia
52.28,7  2.14%0.09  955%38  aq7az
32,852,8 2,55%0.21 1047852 g14t27
53,0%1,6  1.78%0.00 a7tz go7is6
33,151.7  1.9600,06 921i25 475815
3505200 1.7580.09  B75%20 502826
35,451,4  1,95%0,20 928¥ma 47783
35,0015 2,4450,13 1062533 436%03
56,053,8  1.93%0,12 957871 495%21
36,0015 2.24%0,12 1033826 g62iis
36,542,8 2,710,020 1143%75  423%14
2,66%0.15 1141436 432t19
57,342,0  2.08%0,11 1010330  4s8laz
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SECTION 15 « SEED WIEIGHT

Although seed linear measurements have frequently been used in attempls
to separate closely related plants of different polyploid levels, I have
found no references to efforts to use the most integrated measurg of meed
plze » namely seced weight. o
(a) Method

Ten seeds of each of 19 of the genotypeé grovn under standard condiltions
were welghed accurately on a Mordue Microbalance. To detect any effect
variation in envirommental conditlons might have on seed size, samples of
50 seeds were weighed from two ramets of a clone which had been growing in
different greenhouses. Bach sample was weighed in lots of 10 seeds to reveal
the range of varistion te be expected Lztween successive samples (alsog
the balance was so sensitive that no more thny 10-12 seeds couvld be welghed
at & time). -

(b) DResults and discussion

Although 1t is evident that there is some variation between such small
pamples (table 5.9), it is considered that a sample size of 10, though swall,
is adequate. The results in table 5,10 show that although tetraploids tend
to have lighter seeds than hexaploids there is quite a large area of overiap.
_This was obvious even to the naked eye as seeds of the hexaploids 16,8.4 and
31.8,D were noticeably smaller than those of some of the tetraploidse T4
must be reﬁemberedétoo& that these plants were growing under uniform conditiond.
Table 5.9 shows the great variastion which can be induvced by environmental factors.
Thugy though seed weight might give pome indication of the polyploid level
of plants growing under uniform conditions; environmental variation is likely
to render it gseless as a character to separate sced samplea collected in the

wild,



TABIE 5.9 VARTATION IN SEED VEIGHT BETWERN RAMETS OF 4 QLONE

GROWING UNDER DIFFERENT CONDITIONS

PP

AR i ol rhin

Totraploid e¢lone 6.6.0 from near Arvrochor in frgylly

Average weight per sead
of suocessive samples of
10 geeds (hy/;gg

Average waight pexr sead of 50 seednd

Warm

Greenhvuse
T e A

5840
624
65,2
58.4
e
£1.81

Tetraplold clone 86,6.0 from Uavenham Heath, Buffolks

Average welght per Beed
of puccesgive gamples of
10 seedn (H1,AL60

Average woight per seed of 50 seedsg

Wan

Gresnhouse

£0.8
6742
6844

- 6543

6447
pissnaaimiv

65428

Cool,

83,5
790
_86.8
Blll
B%,2

82,68
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Cool
Greenhous
PR TE R et A YT

T1e27
T244
71.86
69.8
67.5
10459
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TABLE 5.10

COMPARIS

!
ON OF SEED WEICGHTS OF TETRAPLOIDS AND HEXAPLOIDG'

Lode No,

GeToB
41608

Ge6oA
8606.¢
16804
84.8.C
51.8.D
64,6.3
680840G
R0.8.D
1e7-G
756 Tohh
Le6oC
Rle€eB
7783
596 Teh
16.8.D
45.6.8
531N

e

Ploidy

level
Aperneta et

)

Ay

&

docality,

Tighnsbruaichs Argyll

Mody of Ord, Hosd and Cromanmty

e Arrochang Argyll

Caverham Heath, Suffolk

Conxemarag 00 Galway
Aberdesn
Mulle Argyll

Qarron Valley, Stirlingshine

Carrbridge, Inverness
Pontoon, Co, Maye
Cambridge

nre Arrochar, Argyll
Uban, Argyll

Jura; Argyll

Inveran, Sutherland
Lizsrd, Cornwall
(onnemarag Co. Galway
Carrbridges Invernesy
Harris, Inverness

g

Averaege weight
per seed of 10
£2248,An Natis

56,0
560
58,0
690d
70.0
76.0
76,0
7846
80,0
80,0
81.0
84,0
8745
88.0
88.0
91.0
9640
108.0
115.25
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SECTION 16 = CRITICISH OF DATA ON SEED CHARACTERS

The work on seed choracters is still at a very early stage, and the
results reported are only the data‘fx@m preliminary observationg., An
insufficient number of seeds hag been measured from each sample o permit
an estimation of variance, Alsoy ag the seeds were The picducﬁ of open
pollination in a glasshouse contalning all three cytodemes, any differential
effect that might be exerted by the male parent has not been taken inte
congideration « pentaploid zeed resulting from an intercytodeme cross
might be expected te be lighter than seed resulting from intracytodeme
pollinations. That such intereytodeme cressing can occur sgpontaneously in
‘the greernhouse isg éhawn.by the vecurrence of spontanecus pentaploids as
greenhouse weeds, The results do lhovever provide a basis for further
experimentation; both on the use of seed gize characters to differentiate
between cytodemes, and on the effect of environmental faclors on seed size.

The character discussed below = testa cell lumen width « I helieve
to be independant of the abovelfactors and & good gqualetdbévecharscter, as

even poorly formed infertile peeds show the charvacter of the femsle pavent,

SECTION 17 - THSTA CELL LUMEN WIDTH

Tt has been noticed that the strongly thickensd cells of the testa of
some hexaploids had & very distinctive appe#rance vhich ig quite dilferent
from that of most tetrapleids, In the hexaploids fthese cells had quite a
wide lumen, while those of the tetraploids are mostly very narrow and glitw

at

likee To measure this quanté@ﬁvely the widest lumen diameter of a mample of

testa eells was measured, In Corotundifolia seeds there is a band of narvew

cells down the\straightest edgo of each seed. In making the measurements this
reglon was avolded, the cella with wider lumens occurring about the middle of

the more rounded part of the seed being measured,



At first meagurements werée only made on one seed from each sample and
only 10 cells measured (table 5,11), though several seeds from each sample
were examined to see that they were similar to the one measured. Iater,

a further 50 cells were measured f{rom several seeds of plants which seemed
out of line with other specimens of their oytodeme (e.ge 45.64B, and 64.8.C),
This attempt to achieve better separalion of the eytodemea by larger sample
sizes proved unnecessary, no change in the sequence of clongs classified by
averages of ten testa cell lumen widths being obtained. Only the results for
10 cells are therefore given.

These results suggesﬁ'that plants with testa cell lumens over Sum wide
arey with rare exception, likely to be hexaploid, The only exception here is
the plant from Thetford, Plants with narrower lumens may be either tetraploid
or hexaploid, though most are likely 1o be tetraploid. It is interesting to
note that the two hexaploids with the narrowest lumens are both plants which
aveur within the area largely occupied by iletraploids (T5.7.h and 45.6,B)s It
gseemsd possible that in these cagses (especially the latter) the hexaploid might
have been derived from surrounding tetraploids through fertilisation by

an unreduced gamebe,

SECTION 38 e CONCLUSIONS

The concluglons to the morphelogical ebservations described in this
chapter éan be divided inte two seections. The first will deal with corrvelations
between morphology and polyploid level, while the second will counsider
gengeological differentiation.

(a) Polyploid level

It has been repeatedly concluded by those working on the subsection

Heterophylla of Campanula that morpholegy camnot be relied upon to distinguish

different closely related cytodemes (BScher 1960 on C.rotundifolis and

(egieseckiana; Kovanda 1970b on G.mortivica)s The same conclusion has already




been drawn several times in this chapter when individual characters were

under digcussions There i thérefora ne clesr® and absolute morphological
distinction between the cytodemeg, It is however possible, at least within

the British Islesg, te¢ unequivocally assign a large number of plants %o

elther the tetraploid o® hexaploid cytodeme on morphological grounds alone,

On the bagig of morphological obhservations on cybologically known material

it can be stated that fthe more delicate plants with paniculate inflorescences,
thin pedicels, small (less than 20mm) trumpet shaped flowers, acute linear

stem leavesy; and a few transitional leaves (fig. 5.27) will generally prove

%o be tetraploids, while plants with stiff thick stems bearing few flowers oﬁ
relatively thick pedicels, largs flowers {over 25mm) or broad flowers with
hemispherical corolla bases and ovaries, and blunit more or less spéthulﬁﬁe stem.
leaves (figs. 5.9 and 5.24) will wavally be hexaploid., -This latter morphological
variant had already been noticed by several plant collectors last century and

described as the var. speciosa More of C.rotundifolia. ALY the specimens so

labelled in the herbariuvm of the British Museum have the distinctive morphology
flescribed above and originate from the Oubter Hebrides and lreland - areas in
which I have found only hexaploids. Several living naturalists have commentcd
to me'on the distinetive nature of the harébells on the Hebridean machairs

and sand dunes (figd. 5.5, 5.28) so it is clear that the hexaploids of this
region are ratker distincet from the tetraploid form common throughout lowland
Britain. Bocher (1960) compares a specimen from Slieve League, Co. Donegal,

with C.dubia which Léve and Love (1965) relate to C.proenlandica (=C.gieseckiana

88pe eroenlandica). It had the few large flowers per stem characteristic of
2 , 8

the hexaploids, Lhough Bcher reported his plant to be tetraploid,

A most interesting discovery was that a number of different collections
of herbarium specimens from the Little Ormes Head in North Wales are of the
exclusively hekaploid types and so I predict that this will prove to be another

isolated slte for the hexaploid ecytedeme. This discoveryy together with the



PIG, 5.27 Tetraploids from the Isle of Wight, On left is cultivated
specimen grown from seed. The four specimens on the right
are from the wild,



FIG. 5.28 Sand dune hexaploid from Harris, Outer Hebrides,
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certain record of hexaploids on Ben Nevis, puts & new light on Podlech's

(1965) two published records from these localitles of C.gieseckiana ssp.

groenlandica. It suggests that the plants Podlech éxamined were probably

hexaploid, and that the hexaploids in general may be very close

morphologically to C.gieseckiana ssp, groenlandicae.

Although many British plants possess a combination of characters which
enahlesthem to be assigned to ene or other of the cytodemes, thers are a
large number ¢f others which cannot be so asgigned, This makes it Impractical
to attempt to refer the two eytodemes 1o separate taxa.

(v) Genegology
I'rom the discussion of individuval morphological characieras it is clear

that British Cerotundifeolia is highly variable., In fact, the differences

helween plants were such that, especially at flowering time, each potted plant
in the greenhouse was Individually recognisable, The seversl ramets of g
cloned plant were by contrast virtuslly identicale. The factors centributing
to the distinctive appearance of an individual genclype weresw

(a) Height, habit (ervect or trailing),; and thickness of stem,

(b) Mumber, shape, colour, and disposition of leaves on the stem.

(¢) Number, degree of aggregation, disposition on stemg stanée

(erect or nadding)a shapea and colour of flowers.

These obvious characteristics, as well as less immediately obvious ones
(¢ogs pollen and seed characters) appeared to be correlated with a number of
factors of which polyploid level was only one « the others chiefly being
longitude and latitude, altitudey and habitat, The correlation of morphological
characterg with these four factors will now be discussed in turn.

(i) Longitude and latitude .

Within the tetraploid cytodeme in the main island of Great Britain there

does sgeem to be & general clinal variation pattern in G,rotundifolisa from the

south egst to the norith west, The pattern ig little disrupted by altitudinal



variation, perhaps largely because the effects of high latitude and high
altitude more or less parallel one another, and high altitude areas are
feound only in the north and west. Altitude does however impose another
dimension on the pattern of variation, Phe variation observed hag been seen
in both herbariuwm specimens and cultivated matefials

Topodenes from the south and east; and especially those on chalk
(Cambridge, North and South Downs; Isle of Wight), tend to have paniculate
inflorescences with fine branches bearing numerous small (10-15mm), oftien
pale coloured, {lowers., Ags one moves northwards and westwards the plants®
stems become fewer flowered, more racemose, aund with larger flowers (up to 25mm).
Degpite this general trend, smalleflowered plants, in which this charactoer is
retained in cultivationy oceur in the north, sometimes in otherwise large
{lovered populations,: ' : .

- Hexaploids are very rare in ithe southern parts of the British Isles, and
g0 few gpocimens of southern origin have Deen geen that only very cauntious
attempts at generalisation can be mades In general the hexaploids are rather
similar to northern and montane tetraploids, having few large flowers per
stem. The only two hexaploids I have seen of really southern origin (from the
Lizard and Co. Tipperary) have short rather rigid gltems bearing several short
but broad flowers which are held erect (fige 5.29). In comparison to these,
more northerly topodemes are mostiy taller, laxery and have often much larger
(to 30mm), sometimes nodding flowers (fige 5.28). |
(1)  Altitude -

Tetraploids and hexaploids vary in parallel with increasing altitude,
As one ascends a British mountein (whether it be in Wales, the Lake District,
Scotland or Ireland) the harebells tend to become shorter stemmed, to have
blunter leaves more gathered bowards the base of thé stem;, more and shorter
trensitional leaves, and fewer, larger flowers with more hemispherical ovaries

(figs. 5.10, §.24).‘ The comparison between lowland and mountain plants is perhaps
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FIG. 5.29 Cultivated specimens of a hexaploid from the Galtee Mountains,
Co. Tipperary. (95.6) Specimen on left grown in warm humid
greenhouse and somewhat shaded. Specimens on right from dry
very light greenhouse.



best demonstrated by & eomparison of figs. 5.18 and 5,28 (Lowland plants)
and figs. 5.10 and H.24 (thﬁ%of the most extreme mountain planﬁs}» If they
were to be identified using o flora key (e.gs Podlech 1965, Kovandz 1970,
Tedorov 1957),most Brltish high mountain plants would be assigned He

Copolymorpha or C,zieseckiana., In overall appearanceg meuntain tetraploids

are closest te C.polymorphs, while the stiffer, larger flowered hexaploids

with larger ovaries are closer 1o C@gieseqkiapac
Bocher (1966), on the basis of an extensive knowledge of both subspecies

of Cogieseckisna in Greenland, states that he camnot follow Podlech (lec.) in

referring some Scandinavian plantsg to the gubspecies groenlandica of that
species, From my very limited knowledge ox Greenland plants I similaxly belileve
that they are not identical with any British tetraploids, but.mahy of the |
mountain hexaploids appear to be virtually inseparable from Greenland'.

material of the subspecies groenlandica.

(134) Habitat
It has already bheen remarked in the discussion of individval characters

that there ig much habitat correlated variation in Cerotundifolia, so only a

summary cof the major features will be given here,

ClLiff plants, whether from mayitime or mountain e¢liffs, are usually short,
rigid, and erect, 5earing flowerg in tight clusters at the apex of the stems
(figsu 5.8 and 5«9)« Such plantsy and especially those from dry naritime
cliffs, often have very limited rhizmome development,

Cerotundifolis plants from grassland and heath hablitats have a much laxer

habit, often falling over when cultivated in pots and wnsupported. An almost
trailing decumbent habit is sometimes found in plants from short furf in
exposed situations,; whether maritime (fim. 5.14) or montane (fige H5el5¢).

The habit of sand dune plants is often similar to that of plants from tall

grassland. They are wsvally tall and vigoroug with extensive rhizome
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development, The most remarkable sand dune plants are the hexaploids from
the extensive dune systems of Outer Hebrides and Western Ireland. Thelx
flowers are by far the largestfound in any British harebells (to over 30mm )
and usually only one t¢ four are carried on each gtems Unlike most British
hexapleids their flowers are often trumpet shaped rather than campanulate,
The ovaries and capsules are always very large (figse 5.5 ¢ d, 5¢28),

The above vesults mgree with those of Turesson (19259 1950) who found

considerable genecological differentistion in Ce.rotundifolia, However it is

possible, and perhaps even probable, that some of his lowland specimens may
have heen dipleid, while his high altitude and high latitude plants were
probably tetrapleid. He also states thal wne of his Alpine plants was

probably referable to C@scheuchzeri¢ which is oflen considered to be quite a

digtinet species.



CHAPTHER 63 ECOLOGY

SECTION 1 « INTRODUCTTON

In this chapter I shall discuss the autecoleogy of Cerotundifolia
in the British Isles in particular drawing attentién to the wide range
of habitats 1t occuples. It was shown in the last chapter how variable
this species is both genotypically and phenotypically, and how the
environment can affect the phenotype. The data collected and the general
methods used have been discussed in Chapter 3,

Cerotundifolia s.s. has a wide latitudinal range in Europe, from

Albania in the south %o north Norway in the north (Podlech 1965, Laane 1968).
In the British Isles it occurs in nearly all parts of the country, from the
Lizard and Kent in the south and east to Shetland and Cape Wrath in the
north, and coastal west Irish situvations in the west., It is recorded from
all 122 Watsonian vice counties in Great Britain (Clapham et al 1962;
McClintock pers.comm, = record for Orkney), and 28 of the 40 Trish vice
countries (see also distribution map, Lig 1.3). In many areas it occurs

in a range of habitats’from sea level to the summits of the highest hills,
In the Central Highlands of Scotland it has been reported to ascend to
1110m (3,7000%) (MceVean and Rateliffe 1962), and I have found it up to
1140m (B,SOOft) on Stob Binnein, near Crianlarich in Perthshire.

PRESTENTATTION OF THIE RESULTS

In discussing the ecology of the species in detail I consider 1%
best to proceed by exemplification, stating a few of the envirommental
parameters, bubt relying heavily on the list of associlated species to convey
an overall impression of the condition in any particular habitat. Such a
technique is meaningful to most field botanists who have some idea of the
range of conditions tolerated by many speciesy; and it receives support from

the work of Boyko (1947, 1949).
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As mentioned in Capter ¥, I at first intended to describe the
rssociated species by means of s standarde-sized guadrat. However, ecarly
on it became obvious that such an approach would be inavpropriate;
especially in most of the western habitats where much of the c¢olleciing
was done. Here, in rock ledge communities and in crevices the environ
mental condltions and species groupings vary enormously over ﬁistances
of a few centimeters. Consequently, description of the associated
vegetation was confined to consideration of the actual turfs in which
the Campanuls plents were growing,wherevexr possible, however, some
indication of the cover value of the species was given, DBecause of the
different sizes of the turfs collected, no valid comparison could be
made of the numbers of associated species in different leocalities. Yhe

ecology of C, wotundifolis will therefore be discussed in the following

Woy §

An sccount will be given of the major floristic associaztions in which
it commonly occurs (Section 2) together with notes on some of the environ-
mental parameters. This will set the background agalnst which the range

of certain environmental factors wnder which C. rotundifolia has heen

{ound can be discussed «~ these factors being

Section 3 Soil types, (including a disoussion of solil texture,
water«holding capacity, and moisture status in the
field),

Section 4 Soil peHe

Section 5. Degree of shading

Seation 6 Shortness of growing season

Seetion T Interrelationships with animalsg

Section 8 Interrelationships with othex plant mppecies ~

parasitism and competition,
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SECTION 2 = FLORISTIC ASSOCIATIONS

Ploristic assoclations

"In dry grassy places and on fixed dunes, often in poor shallow soil",
is the ecological note given in Clapham et al (1962)., McVean and Rateliffe
(1962) state that though it is found on soils with & wide vange of pH values
1% does not occur on mor humus., These accounts give some idea’of the

habitats in which C. rotundifolls is wmost c¢onspicuous, but omii to mention

snother major habitat « rock ledges and crevices on maritime and mountain

cliffa. It is Interesting to note that in lowland habitats it is usually

sonsidered to be o species of the poorer soils (Clapham et al 1962,

Gimmingham 1964, llepburn 1952),7 vhereas in mountain areas it is described

a8 characteristic of the richer gsoils (HcVean and Rateliffe 1952, Condry 1967)@
In the worlk described in "The Vegetation of the Seoltish Highlands®

MoVean and Ratoliffe (Lls.ce) found Cerotundifolia in the communitiles listed

in table 6,1,

Brief accownts will now be given of characteristic hablitais of the
three types (dry grassy habltats; dunes, rock ledges), with some of the
commonier varlations,

Vihere possible the plant communitlies have been described by means of
data collected from a 1 metre guadrat vsing the domin coverwabundance scalce
However In rock ledge andvcrevice habitats where a number of geparate twls,

each containing a C.rotundifelia planit; wore collected, the number of turfs

in which each species was recorded is given. There ave therefore two kinds
of liste in the following tablesy (a) those in which the cover-abundance
of associated species i depoted by domin numbers, and (b) those in which
the number of turfs collected ls given at the beginning of the list, and
the numbers following the specles names denote the number of twefs in which

that speciee was found. In this second type of listy the underlining of a



TABLE 6,1 THE FLORISTIC ASSOCIATIONS (NODA) IN WHICH C,ROTUNDIFOLIA

IS REPORTED TO OCCUR IN THE SCOTTISH HIGHLANDS (McVean

and Ratcliffe 1962)

NODA
Betuletum Oxaleto - Vaccinetum
Vaccinium - Luzula Treeless Facies
FPern Dominated Treeless Facies |
Salix Lapponum - Luzula sylvatica nodum
Callunetum vulgaris
Arctostaphyleto - Vaccinetum
cladinosum
rhacomitrosum
Dryas - Salix reticulata nodum
Dryas - Carex rupestris nodum
Dryas - Carex flacca nodum
Specieg poor Agrogsto - Festucetum
Alchemilleto — Agrosto - Festucetum
Rhacomitrium - rich facies
Saxifrageto - Agrosto - Festucetum
Species rich Agrosto -~ Festucetum
Thalictrum ~ Ctendium provisional nodum
Nardetum sub-alpinum
Species ~ rich facies of Nardetum sub-alpinum
Hypno -~ Caricetum alpinum
Deschampsietum cespitosae alpinum
species poor facies
species rich facies
Tall herb nodum
Cryptogrammeto - Athyrietum chionophilum
Dwarf herb nodum
Saxifragetum aizoidis
mixed saxifrage facies
.Deschémpsieto ~ Rhytidiadelphetum
typicum
triquetrosum

Molinia ~ Myrica nodum
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specles nawe indicates that iffwasa major component in the vegetation
of one or more turfs » offen the bryophyle species which had built wup
the turf.

Dy cragsy habitats

Two dry grasseheathhabitats in the Bastern Highlands of Scotland

are described in tables 6,2 and 6.3, The tetraploid ovtodeme of C.rotundifolis

is very commnon in such habitats throughout eastern Scotland and most parts
of Imgland. 1% only rarely invadés the almost pure stands of Callung
which apre common in the heather moors of eastern Scotland, As the hexaploid
cytodene is wrare in the eastern paris of Great Britain where such dry grassy
and heathy communities ave frequent, it is rarely found in this type of
habitat, However an example can be given from the Isle éf Fan (tabie 604);
In the moister climete of western Scotland really diy grassland soils
are only found in gpecial situwations, as on the thin nonepeaty soil covering
he boulders of an oldAdrywStone wall (table 5.5), In general, grasglands
in ihe west of Hecotland are much wetter, and on the poorer, better drained
gites in this region both tetraploid and hexaploid cytodemes may occour in
heathy commmities (see tables 6,6 and 6,7). The damper more fertile
grasulands in the west are only occasionally celonised by the tetraploid
cytoderme, the hexeploid cytodeme being even rarer in this type of habitat.
The example quoted (table 698) is however of a hexaploid,
There are several noteworthy feabures about the species lists from

these habitats. Festuca rubra is usually important in the communities,

oftzn in association with a species of Agrostis. The importance of bryophytes
in 211 but two of the habitats, and even in the dry casteHighland grasslands,
is algo noetlceable, As will be discussed in more detail in Chapter 7, this

may be relsted to the requirements for seedling establishment.,



As one ascends to higher altitudes the grasslands can rarely be

described as dry, but C.rotundifolis will still be present, even in

flat or only gently sloping sitwations, as long as the ground iz well

drained. The species composition of the grassland changes with altitude,

Agrostis tenuis often being veplaced by A.canina, and more upland species

coming into the communlties. Pestuca rubra and Potentilla erecta however

remain very congtant associates of (C.rotundifolia,

Towards To50m (2,500ft%), Cerotundifolis is often still quite frequent

im the Rbacomityium heath communitles which tend to replace grassland at

these altitudes., This is too high for the proper development of blanket
bog, and though the thin soils are usually cold and wet, they often overlie
rock detritug or are on steep slopes and are therefore freely drainédo
Fxamples of such habitats ave given in tables 6.9 and 6.10,

Another type of habitat which is perhaps best dealt with here is the
machair of western Scotland and the Hebrides. This is a species wich type
of commmity developed on low lying ground near the sea under conditions
of great exposure and the influence of wind Dlown shell sand. The soils
ave therefore fertile, bul the development of luxuriant vegetation is
prevented by the exposure. An example of such a community containlng

Cerotundifolia ie given in table 6ells

Sand dunes
Most sand dune systems throughout the British Isles are probably

¢olonised by one or other c¢ytodeme of C.rotundifolias. Althoush it is

gonetimes considered to be more a plant of fixed dunes (Clapham et al 1962)
and dune heath (Hepburn 1952) than the main dune systemy 1t frequently
oocurg far forward where the sand is unstable and some accretion is

taking place. Seedling establishment may be a problem in such habitats,
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but turfs of almost continuously moist moss ave frequently present in
sheltered hollowsy and once established,rhlzomstous spread enables the
species o oolonise wide arsas. Occurrences on falrly unstable sand
with Ammophila present in large quantities are exemplified in tables 6,12
and 6,13 while the more stabilised situation is exemplified in table 6.4,
Rock lodges

Corotundifolia is a frequent species on both maritime and mountain

rock ledges and crevices., On highly shattered cliffs with numerous cracks
ite rhizomatous habit peculiarly sults it to coloniging such habitats,

The thin rhizome branches ar@‘able to travel a considerable distance (at
least half a metre) through cracks, befors rewemerging to produce leafy
shoots from a crevice which may be totally unsuitable [ow seedling‘
establighment. On cliffs of many rock types (particularly limestoneg
basalt; and mica schist) the removal of a block of rock from near a

Corotundifolia plant frequently reveals a mat of white rhizomes and roots

of this apecies lying on the rock in the almost total absence of soil,
The only other common species to behave in this way is the common associate

of Cerotundifolia in Britain -~ Festues rubra.

. Examples of mariﬁime cliff ledge habitals are given in tables 6.14
and 6.15 and similar mountain habitats in tables 6.16, 6.1.7 and 6.18, A
different type of associated veémtation,occurs onn limestone eliffs in the
Pennines and Western Ireland, An example of this type is glven in table 6,19,
The most important associated speoies are often (as in this example)

Sesleris caerulea, Festuca rubra and Ctenidium molluscum, though in this
¥ P2y

wostern locality other bryophytes are also very abundant,

Another characteristio habitat of Ce.rotundifolia, somewhalt intermediate

between the limestone ¢liffs and the more calcareocus grasslands, is the

rocky but fairly level limestone outcrop. Such habitats occour onltha



TABLE 6,2

Code No: 26,64 Locality: Struan, nr Blair Atholl, Perthshire,
Map Ref: 27/81-65- Altitude: 180m (600ft) Habitat: TFestuca-Agrostis
Grassland

Soil type: Sandy Peat Soil pJHi 4.8 Soil water holding capacity: 132.3%

Domin Nos, Domin Nosg.,

Achillea millefolium 2 Ranunculua acris 2
Agrostis tenuis 9 Rumex acetosella 2
Anthoxanthum odoratum 6 Veronica chamaedrys 4
Campanula rotundifolia (4% ) 2 Veronica officinalis 2
Euphrasia officinalis agg. 1 :

Festuca rubra 6 Hylocomium splendens 3
Plantago lanceolata 3 Mnium undulatum 3
Pontentilla erecta 1 5

Rhytidiadelphus squarrosus

TABLE 6,3
Code No:  37.6 Locality: Struan, nr Blair Atholl, Perthshire,

Map Ref: 27/81-65- Altitude: 180m (600ft) Habitat: Heathy grassland

Soil Type: Sandy loam  Soil p,H: 6.4 Soil water holding capacity: 114,7%

Domin Nos.

Agrostis tenuis 6 Prunella vulgaris 1
Anthoxanthum odoratum ¥

Calluna vulgaris 5 Trifolium repens 2
Campanula rotundifolia (4x) 2 Verconica officinalis 1
Festuca rubra 7 Viola riviniana 1
Nardus stricta 3

Plantago lanceolata 2 Hylocomium splendens 7




TABLE 6,4

Code No:  101.6 Locality: The Cronk, nr, Ballaugh, Isle of Man,

Map Ref: 24/%%7960 Altitude: 30m (100ft) Habitat: Maritime grassland

Domin Nos Domin Nos
Agrostis tenuis 2 Koeleria cristata 3
Ammophila arenaria 3 Lotus corniculatus )
Anthoxanthum odoratum 2 Lugula campestris 2
. Arrhenatherum elatius 4 Ononis repens 4
Bromus mollis 2 Plantago lanceolata %
Campanula rotundifolia (6x) 1 Poa pratensis 2
Cerastium fontanum 3 Ranunculus acris %
Cirsium arvense 2 Senecio jacobea 2
Festuca ovina 3 Taraxacum officinalis agg. 4
Galium verum 4 Trifolium repens 4
Holcus lanatus 4 Veronica chamaedrys %
Hypochaeris radicata 2 Viecla riviniana 2
TABLE 6,5
Code No: 11,6 Locality: Lindsaig Farm, nr, Xilfinan, Cowal, Argyll,

Map Ref: 16/9%1795 Altitude: 60m (200ft) Habitat: Roadside grassland on
fap o AL tltude
thin soil overlying
boulders

Soil type: Sandy loam  Souil Hy 4,75 Soil water holding capacitv:'73.3%
YRE, Lt Detl

Domin Nog Domin Nos
Achillea millefolium 1 Lathrus pratensis 2
Agrostis tenuis ] Lotus corniculatus 5
Anthoxanthum odoratum 3 Plantago lanceolata 4
Arrhenatherum elatius 1 Potentilla erects 2
Campanula rotundifolia (4x) 5 Rumex acetosa 2
Centaurea nigra 5 Succisa pratensgis 1
Conopodium majus 3 Torilis Jjaponica 1
Dactylis glomerata 4 Veronica chamaedrys 2.
Epilobium montanum 1 Mnium longirostrum 1
Festuca rubra 5 Plagiothecium sp. 1
Holecus lanatus 5 Lophocolea bidentata 1



TABLE 6,6
Code No; 10,6 Locality: Ben Capuill, Tighnabruaich, Argyll,

Map Ref: 16/978756 Altitude: 390m (1300ft) Habitat: Grass heath on mica
schist

Soil Type: Peat Soil p,H: 4.3 - 4,83 Soil water holding capacity: 312.9 -

389, 2%
Domin Nos, Domin Nos.

Arostis canina 4 Polygala serpyllifolia 1
Anthoxanthum odoratum 2 Potentilla erecta 5
Calluna vulgaris 9 Vacecinium myrtillus 1
Campanula rotundifolia (4x) 4

Festuca ovina 4 Hypnum cupressiforme 3
Galium saxatile 4 Pleurozium schreberi 1

TABLE 6,7
Code Not 28,8 Locatity: ZLoch Cérnain an Amais, nr, Tobermory, Mull, Argyll,
Map Ref: 17/468525 Altitude: 135m (450ft) Habitat: CGrass Heath in Quarry

Soil type: Peaty lecam  Soil p,H: 4,7 -~ 5.3 Soil water holding capacity: 138,9 -

211,0%
- Domin Nos, Domin Nos.,

Anthoxanthum odoratum 2 Trifolium repens 2

Calluna vulgaris 6 , ’

Campanula rotundifolia (6x) 3  Aitrichum undulatum 1

Festuca ovina 7 Hypnum cupreszsiformec var,

Luzula multiflora P ericetorun 10

Plantago lanceolata 2 Pseudoscleropodium purum 2
Potentilla erecta 4 Rhytidiadelphus squarrosus 3

Thymus drucei 3 Cladonia cf. pyxidata 2

TABLE 6,8
Code No: 25.8 Locality: Dervaig, Mull, Argyll.
Map Ref: 17/416518 Altitude: 60m (200ft) Habitat: Roadside grassland

Soil type: Peaty loam Soil p,H: 5,5 Soil water holding capacity: 106,2%

Domin Nos, Domin Nos.

Achillea millefolium 2 Trifolium repens 4
Agrostis tenuis 5 Veronica chamaedrys 4
Bellis perennis 4

Campanula rotundifolia (6x) 4 Ctenidium molluscun 2
Carex cf. binervis 2 ‘Hylocomium splendens 5
Festuca rubra 7 Hypnum cupressiforme 4
Plantago lanceolata 4 Rhytidiadelphus squarrosus 2
Potentilla erecta 5 Plagiochila asplenioides 1
Damamalla wnlmavd o A Peltigcera canina 1



TABLE 6,9

Code No: 44,7 Locality: Beinn Udlaidh, Glen Orchy, Argyll,

Map Ref: 27/2--3-- Altitude: 750m (2500ft) Habitat: Rhacomitrium-Salix

S0il Type: Micaceous silty peaty ranker Soil p,H: 4.3-5.8

Soil water holding capacity: 57.2 - 518.4%

Domin Nos, Domin Nos.

Agrostis canina 2 Salix herbacea 7
Alchemilla alpina 1 Selaginella selaginoides 1
Campanula rotundifolia (4x) 3 Thalictrum alpinum 4
Carex bigelowii 5

Deschampsia cespitosa 2 Thymus drucei 2
Festuca vivipara 2 Rhacomitrium lanuginosum 10
Lycopodium selago 2 Cladonia uncinata 2

TABLE 6,10

Code No: 9,0 Locality: Summit plateau, Ben Alder, Inverness-shire,

Map Ref: 27/487719 Altitude: 1050m (3500ft)  Habitat: Rhacomitrium heath

Soil Type: Peaty ranker Soil p H: 4,7 Soil water holding capacity: 350‘3%

Domin Nos, . Domin Nos,
Agrostis canina . 5 Deschampsia cespitosa 8
Campanuls rotundifolia (6x) 5 Rhacomitrium lanuginosum 9
Carex bigelowiil 5

TABLE 6,11 .

Code No: 2,7 lLocality: Ardlamont Point, Cowal, Argyll

Map Ref: 16/995645 — 16/989641 Altitude: %m (10ft) Habitat: Machair

Soil type: Sandy peat Soil pH: 6,3-7 Soil water holding capacity:129.8 - 333,

Domin Nos, Domin Nos,

Achillea millefolium 5 Poa pratensis 1
Ajuga reptans 2 Ranunculus bulbosus 4
Armeria maritima 1 Thymus drucei 5
Bellis perennis 1 Trifolium repens 5
Campanula rotundifolia (4x) . 4
Carex binervis 5 Acrocladium cuspidatum 2
C.,flacca } Dicranum scoparium 1
Centaurea nigra 1 Eurhynchium praelongum 1
Festuca rubra 6 Fissidens adianthoides 1
Hieracium pilosella 2 Hypnum cupressiforme var,
Lotus corniculatus 5 tectorun ]
Luzula campestris 4 Mnium longirostrum 5
Plantago lanceolata 5 M,undulatum _ 5

Rhytidiadelphus squarrosus 7




TABLE 6,12
Code Not  Ta7 Localitys Cheswick, Nr, Berwick, Northumberland,
Map Refe 46/036477  Altitude: 15m (50ft)  Habitatt  Send dunes

Soil typas Send Soil peH: 727445 Soil water holding capacify: 24.,9«32.7

Domin Ngg-

Ammophila arenaria 6
Campanuls rotundifolia (4x) 4
Festuca rubra 10
Geranium molle 2
Lotug corniculatus 1
Ononis repens 3
Taraxacum officinalis agg. 2
1
TABLE 6,13
Code No: 7648 Localityt An Tharaid, Balnakeil, Durness, Sutherland.
Map Ref: 29/389705  Altitude: 15m (50ft) Habitat: Sand dwnes

Soil types: Shell sand Soil p.H: 8 Soil water holding capacity: 45, TeT6%

Domin Nog.
! £
Achillea millefolium
Ammophila arenaria
Bellis perennis
Campanula rotundifolia {6x)
Dactylis glomerata
Fegtuca rubra
Galivm verum
Plantago lanceolata
Poa, pratensis
Ranunculus repens
Trifolium repens

Brachythecium rut abulum
Bryum 8ps
Mnivm undulatum
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JABLE 6,14

3eTs 3.8

Cade Nos

Map Refs 16/985644w1.6/982647

Localitys Ardiamont, Nr. Tighnabruaich, Argyll

Altitudes 15m (50 £t)  Habitatt Meritime CLiff

ledges in mica schisd

Soil Types Peaty silt  Soil paHi 4425+6.9
Soil water holding capacitys 98, J«168,2%

12 turfs containing Cerotundifolia (4x)

Aira praegox

Allium vineale
Anthoxanthum odoratum
Carex flacca
Centaurea nigra
Crepls capillaris
Dactylis glomerata
Digitalis purpurea
Erica cinerea
Featues rubna
Filipendula wlmaria
Holcus lanatus
Hypochaeris radicata
Letug gorniculatus
Pinguicula vulgaris
Bumex scetosa
Samolus valerandi
Sedum anglicum
Taraxacum officinalis
Teuvorium scorodonis
Umbilicus rupestris

Amphidivm mougeotiil
Cratoneuron filicinum
Eurhynchium preelongun
Isothecium myosurcldes
Mniuwm hornum
Conogcephalun conloum
Saccogyna viticulosus
Green algal slime
(Palmella)
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TABLE, 6,15
Code Nos 1847 Locality: Port Askaigy Islay, Argyll

Map Refs  16/42469  Altitude: 6m (20f4)  Habitats Rock ledges on

maritime oliffs

Soil g.He 4.2*’6.4
98,1 = 204 4%

Soil Typey Loam « peaty loam

Soil water holﬂing capacity:

12 turfs oontaining C.rotundifelis (6x)

Frequency Eregquency,
Agrostis tenuis Aitrichum wndulatum i
Aira praecox Dicranum majus 2
Anthoxanthun odoratun Fisgidens taxifolius 1
Calluna wvulgaris Hypnum cupressiforue 4
Endymion nonwsoripta Isothecium myosuroides 3
Erica cineres Mnium punctatum 1
Buphrasis officinalis agg. Polytrichum piliferun 1
Featuoa rubra Weissia sp. 1
Galiwne saxatile | Sacoogma viticulosgus L
Holcus mollis Cladonia ap. 1
Hyericum pulchuum Parmelia omphalodesn 1
Hypochaeris radicata 1

Luzula spe. (seedling)
Plantago lanceolata
Potentilla erecta
Primula vulgaris
RBumex acetosa

Sagina procumbens
Sedum anglicum
Svccisa pratensis
Teucrium gcorodonig
Viela riviniana
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TABLE 6,16

Sodg Now 1649 Localliys,
Map Refs 27/407212  Altitudst 900m (3,000£%)

Scil Types MWMicaceous peaty silty rankers
1676737244

Soil watgrﬂhol@ing capacity s

9 turfs eontaining Gerotundifolis (4x)

Freguency,
Agrostls canina
Alchemllla alpina
Fegtuen vivipars
CGoliwn saxatile
Juncua bulbosug
Oxalis acetosella
Saxifraga oppositifolia
Viola palustris

Amphidium mougeottil
Blindia acuta

Breutelia chrysocoma
Dicranum fusceszcens

D, scoparium ’
Heterocladium heteropterum
Mniuwm punctatum

Pleuroziwn schreberi
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Habitats

Soll pallt  A5e5.3

Polytrichun alpinum
Rhacemiteium lanuginosun
Rhytidiadelphus lorets
Sphagnum plumul ogum
Anthells Jjulaceae
Barbilophowia floerckii
Bazzania tricrenata
Diplophylium albicansg
Marsupella emarginats
Nardia compressa

Pellia sp.

Riccardia pinguis
Cladonia of, rangiformis
Peltigera cf, rufescens

Rock ledges

He Colre, Cruach Ardrain, Nrs Crianlarichy Argyll

Frequency
2
2
4
1
1
2
1
1
2
1
1
i
2
)



TABLE 6,11

Code Ngg 42474 4347  Localitys N, Coirve, Beinn Udlaidh, Nr. Tyndruwn, Argyll
Map Refs 27/ 2oexFrinus Altitudas 690 (2,300£¢) Habitat:  Rook ledges
Soil Type: Micaceous siliy ranker = moss peal Soil pellt 4¢2+7.8
Soll water holding capacitys 11%, 06679 0%
9 turfs containing QCyrotundifolia {(4x)

Zrequency, Erequency
Alchemilla alpins 1 Hylocomium splendens i
Ae filloaulis 1 Hypnum cupresslforme 1
Festuoa ovina i Mnium hornum KA
Festuea rubra 4 Prichostomum ternuirostre 1
Hymenophyllum wilgonii 1 Barbilophosia floerckii 2
Sedum rosea 1 Bazzania tricrenata 1
Selaginells selagincides 1 Diplophyllum albicans 5
Socidago virgaures 1 Prullania tamariscinum 1
Amphidivm mougeottil 2 Mastigophora woodsii 1
Anoectangium compactum 5 Plaglochila carringtonii i
Campylopus atrovirens L P, spinulosa ‘ 1
Dicranuwn scoparium - X Rieccardia pinguis 1

A

Code Nos 1648  localitys
Map Refs B84/Twmlew  Altitudes 480m (14600£%)
Soil, Typer FPeat  Foil pudiy  4eleds35

Solenostoma oSp.

6 turfs containing C.rotwndifelia (6x)

Irequency
Agrostis tenuis -3
Degchampsia flexuosa
Erioa cinerea
Fegtuca rubra
Hymenophyllum wilsonii
Saxifraga spathularis
Sedunm 1osea
Succiga pratensila

Bryum 8P

Hylocomium splendens
Hypnum cupressiforme
Isotheclum myosurecides

Wi e A PO B

Polytrichum cf, commung
P, piliferum
Rhacomitrivum lanuginosum
Diplophyllum albicans
Barbilophozia floerckii
TMrullania germana

P, tamariscinum

Herberta straminea

ls jeunea patens
Plagiochila agplenioides

Ne Cliffey Muckanaght, Connemara; Co. Galway
Habitat: Rock ledges

Soil water holding capacity: 162.2 »

326,17

Froguency,
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LABIE 6,19

Code Noi 19.8 Localitys Mosi westerley oliffs, Ben Bulbiny Co, Sligoe

Map Refe 95/Twwlew Altitudor 390m (1,3000%) Heitah: Limestone rook ledgos

Soil Types Clay = Moss peat Soil beHs

Soll water holding capagitys B87.0+538,.8
21 turfs containing Cerotmdifolia (6x)
Fregquency,

Agrostis stolonifers
Alchemillavulgaris agg,
Anthoxzanthun odoratun
Carex flacca

Ce pulicaris

Buphrasia officinalils agg.
Festuca rubra 1
Py vivipara
Helictotrichon pubescens
Hieracium sp.

Hypericum puwlchrum

Linum cathanrtloun

Oxalis acetosella

Saxifrags alzoildes

Sesleris caerules 1
Thymus druced

Viols riviniana
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Acrocladium cuspidatum
Anmhiidium mougeottii
Angectangiuvm compactum
Barbula 8D

Breutelia chrysoconma
Bryum sp.

Campylium spe
Ctenidium molluscum
Dicranum scoparium
Ditrichur flexifolium
Furhynchium schwartzii
Tissidens adianthoides

[
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Freguency

Hylocomium splendens
Isathecium mrogsuroides
Mniwn wdulatom

Neckera crispa
Polytrichum cf, commune
Paeudogceleropodium purum
Rhacomitrium lanuginosumn
Rhytidiadelphus squarrosus
Eqetriquetrus

Thamniuvm alopecuroides
Thwidium tamariscinum
Tortella torituosa
Trichostomun brachydontivm
Ty crispa

Barbilophozia f{loerckii
Diplophyllum alblecans
Prullanis tamariscimaun
Ierberta straminea

Lo jeunea patens
Metzgeria conjugata
Plagiochila asplendides
P, punctata

Pe gpinulosa

Radula complanata
Riccardia pinguis
Scapania aspera

Cladonia subcervicornis
Lepraria &p.

Solorina saccata
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BABLE 6,20
Gode Noz 73.8 Localitys Borallie, Durness, Sutherland

Map Ref: 29/387655  Altitudes 30m (L00ft) Habitats Dryas heath on
‘ limeatone

Soil Typer Sandy loam  Soil poH: Tel  Soil water holding capacity: 94,0

Antennaria diocioa 2
Campanula rotuwndifolia (6x) 4
Carex panices 4
bryas cotopetals T
Festuca ovina

Festuca rubrs ¥
Linum catharticum L
Molinia caerules 4
Selaginella selaginoides 4
Thalictrum alplnum )
Thymug drucel 5
Breutelia chrysocoma 2
Ctenidium molluscuvm 5
Ditrichun flexicaule 4
Hypnum cupressiforme 3
Thuidium tamariscinum 1
Seapania spe 2



PABLE 6,21,

Gode Nowx 19.7 Locality: Palmullan Burn, Nr. Strailong Ayrehire

Map Reft  26/374013  Altitudes 180m (6007t)  Habitals Orevices in roocks
in rlver

R ]

Soll Tvpes Sandy loam Soil nl.Hi 665 Soil water holding capacitys 78,19

6 turfs containing Cyrotundifolia (4x)

ITreguency, Frequenoy
Buphrasia officinalis agg. L Rhacomltriuvm aciculare 3
Brachythecium plumilosum 3 Recanescens 3
Bryum bhicolor k3 Seapania subalping 1
Polytrichom piliferum 2
TABLE 622
Code No: 20,8 Locality: Shoves of Lough Cullin;'Nr, Pontoon; Coe. Mayo

Map Reft 94/%w=Buw  Altitudes 3O0m (100ft)  Habitats COrevices in wocks on
Lough shore

Soil Types  Sendy peat Soil pells  4.5n5.5

Soil water holding capacitys 118, 0193, 3%

5 turfs eontaining C.rotundifolia (6x)

frequency, Trequency,

Agrostis stolonifera 1 Barhula convoluta 2
Anthoxanthum odoratum 2 Bryun sp. 1
Calluna vulgaris 1 Ctenidium molluscum 1
Carex flacca 1 Tigsldens taxifolius 1
Featuca rubrsa 1 Hypnum cupresgiforme var,
F, vivipara 1 tectoran 1
Holcus lanatus 1 Isotheclwn myosuroides 1
Linum ¢atharticun 1 Tortella torituosa 4
Thymus drucei % Trichostomum brachydontium 2
Viola riviniana 1 Cephalowiella sp. 1

Plagiochila asplenioiden 2

Porella laevigata 1
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Pennines, the Loch Tay limestone near Blair Atholl in Perthshire, near
Durnsss in Sutherland, and in the Burren in Co. Clares In the lattex
two localities Dryas heath is the typical vegetation and details of one
sﬁsh community arve given in table 6.:20.

Related to the ¢liff habitats described above are the rock ledge
and crevice habitats associated with streams and lakes. On cliffs it is
uswally exbosure and lack of sufficient soil depth which prevent the
development of closed woodland vegetation which would render the habitat

mwsnitable for the shade«intolerant C.rotundifolis. By streams and lakes

it is the high winter water level as§ociated with fast moving water ox .
wava actio.. which keep rocks covered by winter floods free from tall
vegetation, Although much habitats are often wery wel with soils almﬁst
constantly saturated (either through flushing or a high water table), they
are supplied with wichly aerated water which drains rapidly throusgh the
poile |

On gteep sites there is rarely any barrier to the downward movement
of water, while in more level situations the substrate is often river
depésited sand which forms a very open soil. Ixamples of two such habitatls
are gliven- in tables 6,21 and 6.22,

Having surveyed some of the more typical habitats of C.rotundifolia

in Britain, the range of several environmentsl parameters will now be
digeussed,

SECTION 3 - SOLL TYPES (tex'ln.u:e‘a water holding capacity, and moisiure
' ' status in the field)

(a) Soil texture

Both gytodemes of C.rotundifolia have been found rooted in a wverv wide
range of soll types; from coarse sands through loams o heavy clays and

pure peats, The mountain soils in which C.rotundifolia plants were rooted

belong to a different series, being rankers composed of usually micaceous

silty rock flour with an admixture of various amounts of peat.



TABLE 6,23

CLASSIFICATION OF THE S0ILS ON WHICH C:ROTUNDIFOLIA HAS BEEN
o - PQUND IN THE BRTLISH ISLES )

Frequency of occurrence

Boil Type, Tetraploids Hexaploidgy
Clays 9 14
Silts 54 13
Loans 36 24
Sands 37 52

Peats 60 12

Totals
23

60
89
132



The soilg wers roughly classified into clays, loams, silig, sands,
pealts, and moss, with various qualifying terms to denote intermediate
gonditions, The presence or absence of mica was also noted. Most of
the ailty solls and also those containing mica arve mountain ranker sgoils.

A summary of the data obtained is given in table 6,23,

The soilsg classified as claye were sticky when wet and became bricke

like on drying. Oceuwrrences of Cy,rotundifolia on clay were always in

vory special situations, never on feritile lowland clays. As will be
discusged later, absence from fertile clavs is probabiy the result of
competition from more vigorous species. However; in culﬁivation on a clay
goil in the welatively high rainfall area near Glasgow many plants died
during thewinter, probably largely from oxygen starvation of the rootsy
though frost left was also an important factor with small plants, |
The slay soils colonised in the wild were relatively toxiec with a
mineral nutrient imbalance of some sort, and always on ledges on very
steep slopes allowing rapid drainage. The tetraploids on the lead-zinc
mines at Tyndewn in Argyll (18,9) grew in a very heavy sticky clay which
often contained crystals of galena (lead sulphide) and presumably had a
high lead and zinc content., Often there wag little 1if any associated
vegetation, and extensivé areas of bare soil and rock. Species ocourring

with C.rotundifolia included:

Agrostis canina Plagiobryum weiril
Aspleniuwm viride Preissia quadrata
Sagina procumbens Rhacomitrium lanuginogum

Blindia scuta

Philonotis fontana Plagiochlla asplenioides

Riccardia pinguis
Solenogtoma pumils
The soil appeared 1o be structureless and lacked the usual obvious

inveriebrate fauna, presumably because of its toxicity.



Tetraploids were also found on clayey soils derived from the
gerpentine rocks in Glendaruel (23.6)9 where again the general appearance
of the vegetation (particularly the lack of it) and the oceurrence of such

species as Cardaminopsis petraes indicated the toxic nature of the soil,

Cerotundifolia has in fact been shown to be one of the species

capable of evolving ecodemes tolerant of high concentrations of heavy
metals (see review by Antonovics et al 1971). Judging from the habitat,
Antonovics (pers.commm) believes that the plants growing on the lead-zine
mine at Tyndrum described above are almost certainly tolerant of high
levels of lead and winc.

In North Spain the high altitude tetraploid population 30.7 grew on
g calearsouvs clay which was white in colour and almest entirely composed
of particles of calcium carbonate.

Hexaploids were found on calcarecus clays on the cliffe of Ben Bulbin,
Co. Sligo; in the west of Ireland.. This habitat is describzd in table 6.19.

These soils were moist when collected and very sticky, but on drying,
Seﬁ te a brick-like hardness. As the Ben Bulbin ¢liffs are very exposed
this would be likely to occur in naturey but as the plants had some roots
anchored deep in the limestone rock crevices, they would be unlikély to
suf’fer too éeverely from drought,

The héxaploid from the Lizard (59.7) was found on a thin clay soil
overlying serpentine.

Clay scils as a whole are unfavourable to C.rotundifolis ag they are

rarely adequately aerated; especially in the wet British winters, and the
roots and rhizomes then easily fall préy to fungl and soil micro-organisms,
Algo, clay goils are uswally sufficiently fertile that more vigorous

species will eliminate any C.rotundifolia plants that might become established.

Colonimation of clays by C.rotundifolias thersfore only occurs when they

are adequately drained and gome factory such as the presence of toxie



amounts of mineral elementsy hinders the growth of more vigorous
gpecies,
| A soil is termed @ silt when it ~is composed of very fine pavticles
and ig not sticky when wet: Az mentioned above, most soils clagsified as
gilts were high altitude rankers contsining varying amounts of pgat. These
solle were usually strustureless and ismmature, being compesed lavgely of
rock flourﬁ the first product formed by the action of weathering on the
rocks « often mica schists. Thelr organic content was sometimes well
decomposed peaty but more often only halfl decomposed fragments of mosse
The wmuweh higher freguency of tetrapleids on silts is a counsequence
of the large number of mountain localities sampled in the Scot£ish Hiéhlandaa
Although the hexaploid occurs on.a few mountaing in the Central Highlandg,
there are only a few mountsin areas 1n the extreme west of Scotland
(eege Mull) and Iveland in which it is common, Also, as & result of the
wetter climate, the peat content of the soils is frequently higher than
on the mdinland, leading to the soils being classified in the table as
peatsa The greater tendancy to peat formation on the mountaing in the
weat tends to restrict the hexaploid cytodeme to lower altitudes wnless
the nature of the rock (eoge the steep basalt c¢liffs of Ben Moreg Muall)
prevents blanket peat formation,
The silt soilg were found uwnder most mountain rock ledge and crevice
plants, as well gs the plents in mossy vegetation at higher altlitudes.

A typical species list from such habitats would often include such species

ast Agrogtis canina Polytrichum alpinum
Carex bigelowil Purnigerum
Galium saxatile Rhacomitrium lanuginosum
Saxifraga stellaris Diplophyllum albicans
Silene acaulis Marsupella emarginatsa

Dicranum fuscesocerls
Such gilt soils would be expected to be very poor in nitrogen and

phosphorus (McVean and Ratcliffe 1962).
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Loamg

Laamsiare those soils which contain clay, silt, sand, aﬁd organic
matter In such proporiiong that the wesult ig & friable soil which is
freely drained and not sticky like clay, yet will hold together when
moist and rvetain water much better than a sand, Unlike the silts
described above they usuwally have a crumb structure and are mature‘soils

in a state of equilibrium with the vegetation they carry. Loams ave

often very Ffertile soils, in which C.rotundifolia might be expected to
be eliminated by competition, However, many of the loams colonised by

Corotundifolia were on steep banksy often by sireams, where erosion kept

the habitat open.
The loam solls weré mostly brown earths carrying a grassy vegetatiéna.
An example of one such habitat is given below:
Localitys Drum Farm, Nr, Tighnabruaich, Argyll.
Habitat:  Bank at sidé of field,
Altitude: 120m (400£t)

Soil Description: Loam

Associated speciesy

Achillea ptarmica Filipendula vlmaria Ranunculus repens
Agrogtis tenuis Juncus acutiflorus Runmex acetosa
Anthoxanthum odoratum Poa trivialis

Fegtueca rubra Potentilla erects

Sands and:Crits

These ave soils which are composed of very coarseparticles and are
therefore freely drained, Their water holding capacidy is largely determined
by the gquantity of organic matier present,

The sands encountered in this investigation were of itwo types: inland
glagial sands compound almost wholly of silica, and maritime sands which

usually contained a greater ox lesser admixture of shell fragments. In



some cases,as in Dog's Bay in Connemara in the West of Ireland, the
sand was wholly composed of shell fragments; while in the neighbouring

Mennin Bay it was a pure Lithothamnion sand composed of fragmente of

calcareous red algae., Mapy of the inland sands contained varying
proportions of elay and sgili,

The grits consisted of 1arger varticles than the sands, and often
contained pebbles of several rock types as well as large fragments of
shella.

(b) Soil water holding capacity

Por the measurement of soil water~holding capacity the wmethod
desoribed by Richards (1954) was used. Small "mono" cups were weighed,
a third filled with soil and moigtened with deilonised water such that
the spil glistened,; but that there was no free water on the surface of
the seils, The samples were left overnight to equilibrate and a few
further drops of water added 1f necessary the following morning to again
bring the soils to the regquired meoisture content. The soils were then
dried in an oven and rewelghedy the water-holding capacity then being
calculated as a percentage of the weight of dry soil,

The a&bove method may seem very subjective and open to errory but in
fact replicate samples from the same soil always gave very similar results,
The moistening operation iz in fact rather like a titration, and it is
remarkable how much difference one or two drvops qf water make to the
appearance of a soil around the end point.

The water~holding capacities (hereafter referred to as the W.H.C.)
of the 347 soils studied are given in table 6,24, There is no major
differeﬁoe in patiern betwesn the soils under the tetraploids and those

under the hexaploids, Both cytodemes are commonest on soils with W,H,C.



TABLE 6,24,

4w WATER,_HOLDING GAPACITY OF THW SOILS ON WHICH C ROTUNDIFOLIA QCCURS

Water holding

capacities ' FPR.BEQUEBNOY
of soils

(percentage of Tatraploids Hexaploids Tatals
dry soil weight) .

1945+ 3945 13 9 22
39¢5% 5%e5 25 17 42
53¢5% 7945 19 23 42
7945% 995 27 M 44
99.5-119,5 19 19 38
119.5%139,5 12 . 16 28
1%9.5159.5 ’ 5 ' -1l 16
15951795 12 10 22
179:5+199.5 10 8 18
199.5-219.5 4 8 12
219¢5%229.5 3 4 7
239¢5+25945 9 3 12
259:5%279.5 1 6 13
279452995 4 a 6
29945+319.5 G 4 10
319e5+33945 3 3 6
339453595 1 3 4
55945457945 2 ) 3
379¢5%399.5 2 0 2

39951905 12 8 20



between 40% and 120%, though the numbers tail off only slowly with |

increase in vatersholding capacity to 400%. Cerotundifolia is therefore

‘most frequent on soils with relatively low W.H.G, and though both cytodemes
do occur on peats with a very high W.H.C., they are much less freguent on
such molle,

() Soil moisture status in the field

Csrotundifolia is usually considered to be a plant of dry grassy

places (Clapham et.al 1962), However; observations made in the course of
thig studyr show that both cytodemes van tolerate a very wide range of soil
moigture levels,

Wet habitats

The very wet habitats that are most freguently ooloﬁised are.flushed
rock ledges and crevices, Often, such habitats are permanently saturated
with walter dripping from the tussock of vegetation ~ sometimes an old moss
tulft held in position by the roots of the harebell anchored in crevices,

In the north coire of Belnn Udlaidh (42,7 and 43.7, pH 462 = 7.8)

Cerotundifolia (tetraploid) was almost confined to such habitats. Of 15

plants collected, 8 were growing in saturated tults of Ageectangium compacinm

with other associated species beingt

Agrostis tenuis Bamzania tricrenata

Festuca rubra : Blepharostomum trichophyllum
Saxifraga oppositifolia Lelocolea spe

Selaginella selaginoides Plagiochila asplenioides
Solidago virgaurea Plectocolea sp.

Aumphidium mougeottii Riccardia pinguis

Campylopus atrovireng Scapania undulata

Plagiobryum zmeirii
Arother four grew in other wet habitats, in one tase a tuft of Anthelis
Julacea (a liverwort which only grows in permanently satiurated habitats

on rock faces or submerged in pools), with Festuca rubra as the only

other associalted speciess



In similar habitats elsewhere C,rotundifolis has been found growing

in saturated tufts of Sphagnum tenellum, in one case a pure tuft (18.6,A),

but in the other (6.64A) in association with a few shoots of Agrostis

canina. In other cases the wet bryophyte tufts in which the C.rotundifolia

were found have been of Sphagnum recurvum (38,60 P 5-7,5) and Campylopus

atrovirens (24.6.4),
The most unuswal wet acid habitat in which a tetraploid hasm heen
found wasg in blanket bog on flat ground neat Crianlarich in Argyll

(16.8.1 pH 5.3), Associated species were §

Festuoa vivipara Sphagnum plunulosum
Juncus bulbosus Pellia neesiana
Viola palustris Riccardia pinguis

Breutelia chrysocoms
However this habitat was on the bank of a streamy; and so the water
in the soil may well have been moving rather than stagnant and deoxygenated,

Where C.rotundifclia ocours in such wet acid moorlands, it is usually

confined to stream banks, probably largely for this reason. The above

microhabitats are probably fairly acid,; but C,rotundifolia is also found

in very wet calcareous habitats ag on the sea cliffs at Ardlamont in Argyll
(see also Chapter 7}« Here the bryophyte tussocks were of Cratoneuron

filicinum (3:8.8; 348.F pH 649y )y and Amphidium mougeottii (3.848 pH 7.65,

visritaten

3,860 pH Te0y 3.8.D pH 7.65), with Conocephalum conicum, Riccardia pinguis,

and Pinenilcula vilgaris as assoclated apecies,

Hexaploid plants have been found in habitats very similar to those
described above for the tetraploid. In the Norith Coirs of Ben More on Mull
the hexaploid grows iIn habitats similar o those occupied by the tetraploeid
on Beinn Udlaidh, One plant (30.8.7 pi 4.,9) was growing in a tussock of

Anthelia julacea, while ancther (30.8.C pH 446) grew in a tussock of Mylia

ltaylori with Sphagnum recurvum as one of the associated species.  One
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hexaploid plant (28,8,A pH 4,7) was found growing in & bog, again on Mull,

Associated specles were ¢

Agrostis canina Potentilla erecta
Erica cinerea Teuecrivm scorodonia
Molinia caerulea Viela riviniana
Vivr i

Myrica sale

The habilitat was basically a Molinia~Myrica flushy with the Molinia

having & cover value of 90%, The presence of Teucrium and the large

et e

amount of Erics cinerea sugges’t that though the soil was waterlogged, it

must have been moving and fairly well oxygenated - see Bannister (1964,

1965) on Erica cinereas
A rather different type of wet habitat was occupied by one of the
hexaploids in Glendaruel, Argylle This plant (21.6.C pH 5.3) zvew on-

flushed clayey soil en a wiver bank with the following associlated species g

Ranunculus acrig Cratoneuron commutatum
Sueciga pratensis Sphagnwn recurvum
Viola riviniana Pellia epiphyvlla

Thus, though both tetraploids and hexaploids sometimes occupy habitats
in which the soll is permaneﬂfly saturated with water; these habitats are
vaually on ¢liffs or stream banksg with fairly free drainage. The water
1s therefore moving, and presumably fairly well oxygenated in every case.

Dry Habitats

Thoughy at least in the British Isles; C.rotundifolis is usuwally

thought of as a plant of dry places, there is evidence thal some habitats,
even in the Scottish Highlands; may be drier than the optimum conditions
for the specles. In gouth west England it is absént from coastal cliffs
and grasslands which become very dry and waim towards the middle of swmmer,
whereas on similar c¢liffg in other wetter cooler partls of the country it

is often one of the commonest species present, As mentioned in the chapter
on morphology (Chapter 5), certain morpnological features characterise
plante which have been droughted, and most of the plants discussed here

showed such features,



The main types of dry habitats colonised by C.rotundifolia are

light very sandy soile, and dry creviceg in ¢liffs or on walls, In all

such gitvations the Campanula's long tap root may enable it to tap deep
water supplies which are often unavailable to such shallow rooted
gonpetitors as grasses. This advantage seems io help the Campanula,
egpecially on mand dunes where the soil depth ig considerable, for I

have never seen drought seympboms on a Campanula on & sand dune, even

though other species were wilted, Howevery on shallow soils overlying
rock, & hard pan, or the stones of a wall, the tap rootl is less advantagsous
ag all the specles present have their roots matted together in the small
depth of soil availlable. In such habliats symptoms of long-term droughting,

and even occasionally wiltinge have been seen in C.rotundifolia,

On sandy heath soilg in the eastern Highlands of Scotland plants
having the strict hablt and small flowers of droughted plants are common.
One plant (£ig.5.18) (46.6.A) collected on a sunny roadside bank with little
vegetation cover at Aviemorey Invernesseshive, grew with

Calluna vulgoris Erica cinerea
Deschampaia Llexuosa Polytrichum piliferum

In a hesth in o similar situation & little farther south. the

associated species were ¢

Calluna vulgaris (90% cover) Hypnum cupressiforms
Bupnrasia spe © Polytrichum piliferum
Thymus druced Gladonia &p.

Vaccinium myriillus
In many placed in the Scottish Highlands tetraploids were frequently
found growing in the turf covering which gomegtimes develops on old stone
wallses Such habitats become very dwy in long gummer droughls and the
vegetation frequently becomes brown and parched, In all the situvations
examined the harebell plants remained green though signs of water deficien;y

vers often evident. Most of the harebell roots were uvsually coacentrated




in the thin (often only l-2om, deep) soil overlying the stones which
was llttle more than a mat of grass rocts. Some roots however penetrated
between the stones to the well protected soil deep inside the wall which
remained moist. |

In one such situation (pop 41.6) near Muir of Ord in Inverness-shire

the mssociated species were j

Agrostis tenuls Polypodium vulgare
Degchampsia flexuosa Rumes acetosa

Fegtuca rubra Trifoliuwr repens
Hypochaeris radicata Rhytidiadelphus triquetrus

Several of the Hast Anglian grassland habitats also appeared to be
very dry. Associated species in one such case (pop.66.8) were

Agrostis Tenuis
Hoicus mollis

The tetraplold cytodeme is of course very common in sand dune habitats
which might be classed as dry. However, no sign of any droughting has been
noticed on sand dunesg so presumably once a seedling has become established
the deep tap root penetrates to permaﬁently'moiat sand.

Plants of the hexaploid cytodeme were never found in such dry habitats
ag could sometimes be ecolonised by the tetraploids, Apart from sand dune
habitats in the Hebrides and the wesl of Ireland, the only dry situstions
in which hexaploids had been found are in crevices in boulders by a lough-
side in Eire (pop.20.8)s; and on shallow soil near the coast in Cornwall
(pope5947)e

The plants in some of the boulder crevices would be subject to pexriodic
droughts beécause of the sméll smount of soil present and the shallowness
of some of the crevices. The associated species 3

Agrostis gtolonifera Tortella tortuosa

Thymus drucei Prichostomum brachydontium
Barbula convoluta

indlcate something of the conditicnsto whioch the habitat may be subjected,




The preponderance of bryophytes shows that the habitat is usually

fairly moist but may become more or less totally desiccated at intervals -
at least on the soil surface. (Many bryophytes can withstand desiccation
of their protoplasm for a period, and the species present commonly occur
on wallg,) When visited, the harebell plants showed no sign of dwoughting.

The Cornish plant grew on g thin clay soil overlying serpentine rock.
Though the site was steep and north-facings and so shaded, the soil was
very dryy and the vegetation showed gigns of desiccation, The harebell
plants were somewhal wiltedy and no flowering stems were visible, even
though it was early Beptember,

Though the harebell in DBritain iz often considered to be a plant of
dry soils (Clapham et al, 1962) there iz evidence that it cannot %olerate
much drouvghiting,

The hexaploeoid oytodeme is more or leéess confined to northern and
western areas with an oceanic ¢limate, and high altitude sites. Thus it
ig only found in areas which are climatically wet and mostly rather cool.
Apart from sand dunes which have already been discussed, the only really
dry habitats In such a climate are where a thin soll overlies rock, and
the only time a hexaploid plant was found in such a site it seemed to be
suffering from drought,

The ftetraploid cytodeme appears, from the habitats it ocecupies; to
be much more drought tolerant. However this may be largely a case of
drought avoidance throqgh the possession of a deep tap root system. In
droughted veéetation the harebell is frequenitly accompanied by such shallow

rooted species as Festuca ovinay stonecrops (Sedum spp.), and gglxpooﬁum

ol i s,

vulgare, and the harebell may only seem drought tolerant in comparison

with the desicocalted grase and the obviously succulent stonecrops.




Observations on plants in cultivation in pots and on wild collected
material being kept in bags show that there is no resigtance to desiccation.
Such a resistance might he suggested by the fleshy rhizomes, and especially
the somewhat swollen tap root, in comparison with such species as

Polypodivm vulgars and Achillea millefolium, These species {requently

occur with Ce.rotundifolia in dry habitats and vecover well from wilting,

Corotundifolia on the other hand suffers severely from wilting, being

checked in itg growth for several weeks afterwards, and frequently failing
to recovey if dehydration has progressed sufficiently far to causge the

rhizomes %o shrivel, Thus,unlike the Sedum species, C.rotundifolia appears

to have no means of preventing serious water loss, and unlike the other

species mentioned above and many bryophytesy ils protoplasm lacks the

capacity to survive a limited degree of dehydration.
Cerotundifolia in the British Isles therefore is able to colonise
dry habitats by virtue of its deep tap rooting habit enabling it to obtain

water unavailable to other specles of the same community.

SECTION 4 - pol DETERMINATIONS

Soll pe.E measurements were made on samples of air-dried soil taken
from the turfs in which the plants btaken into cultivation were growings
Only the layer in which the Campanuls roots and rhizomes were growing wes
sampled. as in meny cases the soils were stratified and the Campanula
roots were often confined to ¢ertain layervs. This means that the soil

gamples taken were from the soil which was in immediate contact with the

underground party of the Campanula plants.

fiach sample was first passed through a 2Zwms mesh sieve to remove
roots, twigs, and large pebbles. A small portion (1-5g) was then made

into a paste in & small 'mono' eup with a quantity of de~ionised water




auch that the paste was fluid but there was little or no standing water |
govering the soil, Most noncalcareoug solls have a sufficiently high
buffering capacity to make 1t possible to add water over wide limita,
but L4 1s clearly mest satisfactory to follow a standard procedure, With
golls which contain free carbonates, the addition of excess water results
in an increased pH being recorded, due to hydrolveis of the carbonates
(Davbenmire 1947). However, in these soils we were only dealing with
cgleivm carbonate, and once there is free lime in a soil and the pH rises
above 7, the exact pH im of litﬁle significance to plant growth (Yaalon 1957),
being largely determined by the carbon dioxide concentration in the soil
atmogphere,

After wetting to a paste; the samples were left to equilibrate for
two hovrs before the pH was measured electrically using a Pye pil meter
and an Ingold electrode., The values recorded ave summarised in table 627,

The range of pH wvalues tolerated by both cytodemes is very great.
Tetraploids were found growing in soils with values from 3,65 to 8, and
hexaploids from %.8 to 8,
(a) letraploids

Tt will be noticed that the tetraploids are distributed more or less
evenly over the pH range, although the numbers tail off somewhat at the
higher values. 4o some extent this veflects the fact thal many samples
were collected in Scotland where highly calcareous habitats are Jess
common then in the limestonss of the Penninesg and on the chalk downs,

On one very calcareous (pH 7.65) wet flush on a seaside cliff (3.8.3),
presumed lime ohlorosis was noticed; many of the leaves being of a sickly
yellow=green colour, As plants on equally calcareous butl dri@r,and

equally wet but less calcareousy habitats did not show such chlorosis,




TABLE 6,25  SUMMARY OF THE pH VALUES OF THE SOILS ON WHICH (,ROTUNDIFOLIA

HAS BEEN FOUND

P yalue ’ No.. of occurrencer No. of occurrences
of YelFaploid of. hexnploid
<4.G T | b ]
4.0 = 4.3 ' 24 ’ 14
hod o 47 26 S %
4.8 = 5.1 26 - 13
5.2 « 5,5 | 18 24
506 = 5.9 21 4
6.0 = 6.3 18 B
6 = 6.7 16 | 9
6.8 « 7.1 | 12 23
Te2 # To5 13 28
76 o 749 6 10
>8 1 .4
Totals? Jaioy o

188 164




it may be the combination of high pH and very wet -onditions which
induced the chlorosis,

The lowest pll recorded (3.65) was for peaty soil on & cliff ledge
at 750m (2,5000t) on the south face of Beinn: Chabhair in Arsvll (7.8.A),

Associated species were @

Calluna vulgaris Diplophyllum albicans
Hyrnum cupressiflorme Cladonia sylvatica

Rhacomitrivm lanuginosum
Other habitats with a low pll were found at Farleigh Common in Surrey (3.9)
and on a heathy roadside near laggan Bridge in Inverness (3,9 = 4¢25),
The highest pH (8) was recorded for a limestone grassland soil from

Winnatts Pass in Derbyshire, where the associated species wers i

Agrostls tenuis Poa pratensis
Bellis perennis _ Forella platyphyllia

Bo plants from thils population survived long encugh to make a
chromosome count. Ag neighbouring Monksdale was ivhabited by ftetraploids,
it seems likely that the Winnatts Paoss planits were algo tetraploid.

Other highly calcareous habitats occupied by tetraploids were the
Aberdeen sand dunes (7.5 ~ 749), the Cronkley Fell sugar limestones in
Teesdale (7¢3 ™ YQS)Q and the flushes on the seaside ¢liffs at Ardlamont
in Argyll (6.9 = To65)

Lesa extreme pH values were oblbasined from heath, grassland and rock
. ledge habitats throughout the country.

(b)  Hexaploids

Among the hexaploids there is a remarkable gap in the distributien
of plants over the pH range (table 6025%'very few plants occurring in
goils having a pH bhetween 5.6 and 6.8, As hexaploids have been collected

over their whole rangey end much more evenly than the tetraploidsy there



is wnlikely to he any sampling bias. The mogt probablé explanafion

is that the pH range over which the hexaploid is rare is the pH range
of the more fertile British soils, That the hexaploid cytodeme is
abgent from such fertile goils is mwost likely to be a result of its
poor coﬁpetitiva abilitys which is less than that of the tetraploid
eytodeme, The hexaploeids thus ocour primarily in two blocks, at high
and low soil pH values, The high pH ccourrences are shell sand habitats,
as on the machairs of the Outer Hebirides (7¢15 e 7,65)¢ and limestone
rock ledges az in the Burren in the West of Ireland (7,15 « 7.9), or
on Colonsay in the Inner Hebrides (6.9 « 7.35)« Low pl occurrences on
the other hand are mostly high altitude habitatsy; as on Muckanssght in
Comnemara (4ol # 4.5); Ben More, Mull, in Argyll (4.1 - 4,6), or the

Merrick in Kircudbrieht (3.8 « 4.4)s The lowest pH (3.8) was recorded

on the Merweick in a Rhacomitriuwn « Salix herbacea heath. Associated

N

spscies were §

Carex bigelowhi Polvitrichum alpinum
Galium saxatile Rhacomitrium lanuginosum
Salix herbaceas Cladonia sp.

Dicranum scoparium
The highest pH (8) was recorded several times for shell sand dunes
st Calgary in Mull (9L.8), S.Uist in the Outer Hebrides (85.8), and
Helmsdale (37,7) and Durness (76.8) in Sutherland. The associated

species in this latter case were 1

Achillea millefolium Plantago lanceolata
Ammophila arenaria Poa pratensis

Bellis perennis Trifolivm repens
Dactylis glomerata Brachythecium rutabulwm
Fegtuca rubra Bryum spe

Galium verum v Moium undulatum

In many topodemes of both the tetraploids and hexaploids, the pH
range of the goils within a single topodeme is not very great. This

cant be seen from the ranges found in the hexaploid topodemes described



above, the rangeg being obtained from up to eleven separate samples,
In a few rock ledge populations however, a verv wide range of soil pH
values was found within a topodeme. The actual pH values found within
such topodemes -~ . . i are given in Yable 6.2.6

In the two sites with tetrapleids, the pH of the Soii on the ledges
ig probably largely determined by the degree of flushing. FromAtha
notes taken at the time of collection it was noticed that the wetter
the soil the higher was the pi,

On the Glendaruel serpentine>the site with the lowest pH, 4, was a

dry rock ledge dominated by Festucs rubra. Associated species vere &

(dominants underlined)

Cardaminopsis petraea Dicranum sgcoparium
Featuca rubra i Cladonia impexa

The site with the highest pH (6) was in the slightly flushed
grageland just below the ¢liffs.

Asgopiated species were §

Cerastium fonfanum - Thymus drucei

Cirsiuvm palustre Trifolium revens
Euphrasia @p. Viola riviniana

Fegtuca ovina Aitrichum undulatum
Pestuoa rabrs Pleurozium schreberi
Heleus mollis Rhytidiadelphus squarrosus
Yoa pratensig Irullania tamariscil

In the northern coire of Beinne Udlaidh C.rotundifolia wags confined
to the rock ledges. The plant growing in the soil with the lowest pH; 4.2,

had the following associated species @

Festuca rubra Frullania temariscl
Hymenophyllwa wilsonil Mastigophora woodsii
Barbilophozia floerckii Plagziochila carringtonii
Bgzzanls tricrenats Plagiochila spinulosa

Diplophyllum albicans
The plant in the soil with the highest pH (7.8) was growing in a tussock

of Anoectangium compactum with a few shoots of Fegtuca rubra.




TABLE 6:26

Serpentineg cliffs

Beinn Udlaidh Durness Limegtone ¢liffa,

Population Glendaruel, CLiffg, Tyndrum Limestone Ben Bulbin

Avegvil (4x3 Axgyll {4x§ (6x) Co.Sligo (6x)
(22 = 26 « 61) (42 = 43,7 (73-8) (18.8)
pH values 4.0 442 ‘ 545 447
4.675 565  7al 5.2
of . 4e7 5.8 5.7
56l 6ol 6.5
soil 5435 63 645
54625 64 6.65
gsamplag Ha8 64,65 6.7
6.0 6.85 6485
6485 6485
748 6.95
740
740
70
7405
7425
7435
7445
Range in 2 3.6 1,65 2,75

P.H units




Ag the hexaploid sites are on llmestone, the pH of the soil pobkets

in which the C.rotundifolia planis were growing was controlled hy the
balance hetween flushing and leaching, A

At Durness the habitat was a relatively flat Drvas heath. The lower
pH (5945) wag recorded for g relatively deep soll with the assoeiated

species ¢

Carex panicea Selidago wvirgaures
Buphrasia sp. ' : Viola riviniana
Fegtuca rubra Acrocladium cuspidatum
Potentilla erecta ' Ctenidium molliuscun
Sieglingia decumbens ‘ Hypnum cupressiforme

The higher pH {7.1) was recorded in a much less mature soil which was
Jittle more than a limestone grit with s

Testuca rubra
Thymus druceil

On Ben Bulbin C.rotundifolia grew on small pockets of a very sticky

clay soil obviously derived by solution from the limestone. It was very
suwrprising to find that a small quantity of soll on a limestone ledge

could have a pH as low as 4.7. On this ledge a large C.rotundifolia

plant (rooted in the soil and only to a limited extent having contact

with the underlying rock) grew in a mat of Isothecium myosuroides. The

associated species were &

Fegtuca rubra Diplophyllium albicans
Isotheeciun myosuroides Frullania tamarisci
Rhacomitrium lanuginosun Plagiochila spinulosa

The associated species on the ledge with the highest pH (7.45) were ¢

Anthoxanthim odoratum Breutelia chrysocoma

Carex pulicarisg Ctenidium molluscum
Euphrasia spa Hylocomiun splendena
Festuca rubrs Rhytidiadelphum squarrosus
Linum ecatharticum Thuidium tamariscinum

Poa pratensis Trichoatomum brachydontium
Thymug drucei Riccardia pinguis

Viela riviniana Scapania aspera



Ain interesting observation was that the soil gamples taken from the
habitat of one of the pentaploids on Ben Lawers had a much higher pil (7,2)
than the soils in which the tetraplolds were growing (5.9 o B Hrmammb sampl@s).

The other pentaploid grew in a mat of Rbhacomitriam lanuginosum with roois

in rock arevices and there wag insufficient soil to sample. There was no
&

obvious difference in the species associated with the pen?ploids and thosa

aggociated with the tetvaploidss The first mentioned pentaploid was

growing through a tussock of Cherleria sedoides, but so was one of the

tetrapleoids, and in this latiter case the pH recorded was 4.4.

SECTION 5 =~ DEGRER OF SHADING

Cerotundifolia is usually considered to be a plant reguiring full

sun and my ebservations confirm this as a genoral rule. In Britain it

ig chavacteristically a plant of grassy and heathy communities and is
ravely found in woodland, In suveh habitats it usvally flowers freely.
Considering the number of flowers producedy the amount of vegetation
visible at flowering time is very small, For example, two stems, each
bearing several flowers, mighlt be accompanied by 1«3 vegetative shoots
bearing only 1-2 leaves each (see also Chapter 7)e

In eliff, and more particuvlarly gorge, rock ledge and crevice habitats,

Cerotundifolis plants are often subject to varving degrees of shading.

This has a very marked effect on the morphology of the plants (sea
Chapter 5), there being many more leaves, especially rotund basal ones,
produced in proportion to the nmumber of flowers, The stem leaves are
also broadery and each stem carries a much reduced number of flowers =
often only one (£ig.5.29).

Harebells in woodlands show the same morphological trends with

reduced light intensity as those describsed above, Thus, though in the



British Isles it is not a woodland speciesy (.rotundifolia does show

the increasse jn leaf ares with reduced light intensity characteristic
of woodland plants (but also shown %o some extent by sun plants)u
Although no physiological experiments have been carried out, and

the dangers of misinterpreting subjective observations are realised,

it ig predicted that the photosynthetiec efficiency of Cuorotundifolia
in strong light is high, .A large c¢rop of flowers and seceds, and
considerable rhizome development often seem to be supported by a
remarkably amall leaf area.

Tetraploids and hexaploids behave similarly in response to reduced

light intensityy so the above comments apply equally to both cytodemes.

SECTTON 6 ﬁ.SHORTNESS or GROWING SEAION

The observationsof Mathon (1959) have shown that C.rotundifolia

ig & long-day planty reguiving a pholtopericd of over nine houwrs before

1t will flower. However; other physiological factors are also involved

in the conirol of leaf shape, stem internode elongation; and alsolof
flowering itself, For instance; Icelandic genotypes appear to reguire

a fairly protracted period at a relatively lower temperature (5-6 weeks

at 1500) befere *the production of truly linear stem leaves, stem internode
elongation, and flowering will ocour. Podlech (1965) quotes Goebel a8
stating that the rotund, basal type of leaf is formed under condition of
low light intensity, but this cannot be the only factor involved as Such leaves
are often produced in rosettes in the axils of linear stem leaves following
decapitation of the stemg. All genotypes collected in the British lsles
will flower more or less continuously in a warm greenhouse (020ﬁ2500)

with continuous light o¥ an 18 hour day. This trait is most uvseful in
ecrossing experiments, but growing a plant under such conditions for long

perlods may seriously weaken it, No flowering occurred in short days.




| The patbtern of these responses suggests that a physiological

investigation of the factors controlling the various worphological
study, be worth wiile,

developments leading to flowering would repay~inwesliigstion, Also,
the behaviour of the Ilecelandic genotypes indicate genotypic varisiion
within the complex in such physiological reguirements. All the events
leading to flowering have to eccur bhetween the winter and the following
flowering season. There ls no pre-induction or laying down of flowexn
buds in the previous autumm. Thug the time of flowering will he
controlled by the rate of development in each season alter the first
occurrence of days of & certain length. In cultivation in a heated but
mlit glasshouse; flowering has been noticed ag early as the begimming
of May, so it can be presuwmed that in the wild, development is slowed
by low temperatures. On the continent, flowering may begin in late
May, bubt in the British Isles it is usually much later. The first
flowers rarely appear before mid-July in Scotland, and may be later
followigg 2 cold spring such as that experienced in 1972,

Above 600m (2,000f%t) in the mountains of the Scottish Highlands
anthesis 1g frequently delayed {ill mid~Augusty; even in a good year.
One of the Ben lawers pentaploids at about 1100m {(3,700{%) was in bud
on 24th Auvgust 1969, As the first snows and the end of the growing season
vesuslly arrive sometime in September, only in favourahle situations
in favourable years will such plants produce seed.

However, despite the fact that plants at moderately high altitude

rarely produce seedy C,rotundirolia is frequently found in very high

altitude sites in which seed production must be impossible under present
climatit conditionz. Long distance seed dispersal is one possible

explanation of guch ocecourrences, but the arguments presented in Chapter 7



suggest that this is not likely, Thaet in some instances the high
altitude plants are hexaploid while those at lower altitudes on the
game mountaln are tetraploid also argues in favour of the high altiftude
plants, whether tetraploid or hexaploid, being vrelicts of a period
when the climate was warmer.

The highest altitude at which a C.rotundifolia plant has been

collected is 1040m (3,800ft) on Stob Binnein, Near Crianlarich, Argyll,
It was tetraploid and grew in a rock crevice Just below the summit in

association with Polytrichum alvinum and Diplophyllum albicans,

The population with the shortest growing season wag probably that
found at 900m (59O00ft) on Cruach Ardrain, which on 10th June 1969 had
Just emerged fﬁom a snowdrift, The rhizomes were Jjust beginning to
produce their first small rosetie leaves « a developmental stage usually
attained by lowland plants in the same area in March, The general

appearance of the habitat, and the associated species :

Galium saxatile Anthelia julaceae
Dicranum fuscescens Marsupella emarginata
Maiwm punetatum Nardia compresss

made it clear that this wag a regular late snow patch -~ a very unusual

habitat for C.rotundiirolia,

Weal; often non-flowering plants were frequently found in obviously
pold damp habitats high in the mountains. These were commonly deep shady
oracks in ¢liffs in north to north~east facing ecrags. The hexapleids on
Bep - an Lochain (1.1,A) and Aonach Bemg, Mevis range (29,4) were in
guch situations,

Tetraploids were found in similaw» situations on seversl mountains i
Cruach Ardrain near Crianlarichy Beimn Dorain near Bridge of Orehy; and

Ben Nempain near Arrochar, all the sites being in Argyll. Associated



gpecies included g

Saxifraga oppositifolis Anastrepta orcadensis
Be nivalis 4 Anthelia julaces
3, stellaris Nardia compressa

Polytrichum elpinum
indicating the voldness of the habitaty for only under such conditions
do these arcticwalpines survive in the British Isles today,

SECTION 7 - INTERRELATIONSHIPS WITH ANIMALS

There is very litile further information to add to that already
given in Chapter 2 on the pests of cultivation, Perhaps the only comment
menace to plants in cultivation, have bgen found in association with

Cerotundifolia roots and vhizomes in the wild, IFf plants collected in

the wild are kept too moist in polythene bags for too long a period they
are frequently attacked by the grubs in the same way an overwalered pot
plants,

The gall insect Perissa tachelii Wachtl, has never been found on

cultivated plantsyand so is presumably incapable of gurviving and
completing ite lif'e cyele under the conditions in which the plants are
eultivated. The presence of such galls does nol ssem to have any marked
effect on the plants, but obviously must weaken them to some extent,

No sign of any caterpillar or other herbivore selectively attacking

Corotundifolia has been noticed. Cattle, however; certainly eat

Corotundifoiia in their relatively unselective grazing.

SECTION 8 = INTERRELATTONSHIPS WITH OTHER PLANT SPECIRES

Parasites
Both tetraploids and hexaploids have been found infested with the

rust fungus Coleosnorium campanulae ng. No investigations were carried

out on the crossswinfectivity of the strains found on the two cytodemes.



A

Ag in the case of the gall insecty the rust had no conspicuous effect
on the vigour of an infected plant.
Competition

As would be expected of a common specles, C,rotundifolia has been

found growing in association with a large number of species (atb lea$t'150)
ol the vascular plants found in the British Isles, As mosi of the
populations sampled were in Scotland,; and in particular in the Highlands,
tbe following commentg apply to those areas in particular. However,
observationa on populations throughout the British Isles suggest that
they are probably valid over a much wider areas

There are two types of common specieg with which C.rotundifolia does

not occur, TFirstly annual weeds such as Senecio vulaarisg, Stellaria media

and Poa annua which are typical of falrly fertile ground which is regularly

disturbed., Secondly the major agricultural grasses such as Lolium perenic,

Phleum pratense, and Alovecurus pratensis which are typical of fertile

goils and vespond vigorously to fertiliser. This avoidance of the communitics
on the more fertile soilsy particularly by the hexaploid, seems to be the
result of an inability to compete with the other species in such communities.

In cultivation in pots or in the garden, C,rotundifolia shows no aversion

to fertile soils, in fact it grows more wvigorously than it does on less
fertile soils. However, its response to increase in fertility is less than
that of native specieg of fertile soils, and very thorvough weeding must be

carried out if C,rotundifolia plants are fo swrvive in these scila,

C.rotundifolia is therefore 2 specles of low competitive ability on the

more fertile soils of the British Isles,
Although the seedling can develop to maturity within one growing

gegson (at least in cultivation), and a single capsule can yield s large



number of seeds, C,rotundifolia is not a weed speciess On more fertile

soils (eege experimental gardens) any seedlings which begin o develop
the . .
are soon swamped by more vigorous annual weeds already mentioned. On

less fertile disturbed soils (e.g. 2ubble piles, mining detritus, and

disturbed sand dunes) on the other hand; C, rotundifolia, and even the
hexaploid eytodeme, may be one of the chiel colonising 'weed' species.
The assoclated species may include depauperate specimens of the annuals

mentioned above and such peremnials as Bellis nerennis and Plantago

Lanceolata.

Mention will be made (Chapter 7) of the spparent superior competitive
ability of young plants.

Relatively slow development and low competitive ability lherefore

determine the velationship between C.rotundifolia and other plant species,

SECTION 9 = CONCLUSIONS

From a consideration of the principal habitat types occcupied by

Cerotundifolia and the range of variation tolerated In certain environmental

factors a number of useful generalisations may be made aboul the ecological

requirements of C,rotundifolia in the British Tsles,

(a) It ugually occurs in habitats with a high light intensity and 1little
or no shading. A1l the habitats en fairly level ground have short grassy
vegatation or, if the vegetation is tally; as on sand dunesy relatively

open conditions with much bare soils In this cowntry C.rotundifolia is

rare in woodland vegelation, although in Tceland it iz a conspilcuous
constituent of the birech woods in which the dominant species of the field

layer is Agrostis tenuis. When shady habitats are colonised in gorpges

there is rarely much pressure of dompetition from other species,
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{(b) The soils on which C,rotundifolia occurs are probably fairly well
oxygenated, being either dryy or if wet, having good drainage. The soils
themselves are usually of an open character, either sandy or peaty. If
it ils found on heavy and sticky soils then normally these ave very well
dralined.

(o) Generally C,rotundifolia occurs on relatively infertile soils and it

therefore rarely occurs with species typiecal of the fertile lowland clay
and loam soils., However occasionally it doegg occur on fertile moils as

on c¢liff ledgesy but only where exposure and the lack of soil depth prevent
the proper development of vigorous species.

(d) TFrom the study of the pH range of the soils colonised by C.rotundifolia

5,65 %0 8 in the case of the tetraploilds and 3.8 to 8 for the hexaploids,
This agreed with the conclusion weached by VeVean and Rateliffe (1962) in
their study of Scottish Highland vegetation (though of course they did not
distinguish between tetraploids and hexaploids)a future experiments will
demonstrate whether ecodemes adapted to differvent levels of soil pH have

evolved. Work on other species (e.g. on Teucrium scorodonia by Huichinson

1967 & and by Buphorbia thymifolia by Ramakrishnan 1961, 1965 a and b, 19663

Cynodon dactylon by Ramakrishnan and Singh 19663 and Trifoliwn repenz by

Snaydon 1962) would lead one to expect that such ecodemes would be found.




CHAPTER T3 REPRODUCTION AND TOPULATINI STRUCTUZM

SECTION 1 « TNTRODUCTION

The two previous chapters have dealt with the variation in

morphological form of the maiture plants and the habitatls oocupiéd

by Campanuiz rotundifolia, However, nothing has yet been said of the
way in which mature plants develop from seeds, or of the way in which
a seedling becomes established, and under what conditions. These
aongiderations are the subject of thig chapter,

The chapter will begin with a discussion of the pollinaticn mechanism
and breeding system. This will be followed by a section on secd dispersal,
which leads into a consideragtion of gerﬁiuation, the morpholosical Jdovelop-
ment from the seedling stage, and the occurvence of seedlings in the wild.

In conclusion, the relevance of the information obtained lrom thoe above

obasrvations to the structure and genecology of topodemes of

will be considered,

SECTTION 2 - POLLINATION

L LS

The flower structure and mode of development of C.

gimilar to that most frequently found in the families Companulacsac and
Compomitae, Within the genus Campanula this has been describad by Knuth (1909).

The details of flower development and pollination in (. 0, have been

dealt with by Barnes (1885), and the precise mechanism in C.rotrndifolia

appears from obgervation to be identical.

In the flower bud the anthers are appressed to the style which bears
numerous hairg. Before the bud opens the anthers dehisce and shed their
pollen on to these stylar hairva. As the bud opens the anthers wither and
the style with attached pollen is exposed. The stigmatic surface is still

completely protected at this stage (£igs.5.21, 5.25)s In a flowor in thig

condition nectar is secreted by the nectaries on top of ithe ovary, and a
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bee probing for this beitween the expanded fringed bases of the filaments
would be likely %o collect pollen on its back by rubbing agsinst the
stylar hairs,

As the flower ages the gtylar hairg invaginate like the finger of
g glove if the wearer removes hig finger but pulls the glove finger back
towards the palm of hig hand. The pollen iz therefore no longer held by
the hairs and in the wild is removed by the action of wind and rain, In
cultivation in a greenhouss the somewhat sticky pollen remains on the
style, but the glightest touch uvswally cauvses much of it to fall off,

At about this time the three lobes of the stigmatic surface become
exposed as the three armg, which have previously been appressed, begin
to curl backwards from the tip of the style (fig.5.22). At first the
lobes are patent, the stigmatic surfaces fac;ng the mouth of the flower,
but later they become redurved and may touch the style. Once the siigmatic
surfaces are sxposed a vislting bee would first come in contact with thig
before it touched any pollen that might remain on the style. Once the
gtigna lobes have recurved pollen could fall on to them from the style,
and by curling back to touch the style they might come into direct contact
with the pollen. However, in the wild, and freguently even under glass,
all the pollen hag usually dispersed before the stigmatic lobes become
recurvede.

Tt has often been suggested on mechanistic grounds (Kmuth 1909,
Clapham et alal962) that if cross pollination dees net occur, then the
recurving of the stigma's lobes selfwpollinates the flower, and this has
been confirmed by Block (1964), It has oven been suggested that fertilisation
may ocour through the stylar hairs. Gadella (1964) could find no evidence
that either of thease processesy which were put forward purely on the basis

of the structure of the flowery lead to fertilisation. ‘



According to Knuth (l.c.) a wide range of insects including
Coleoptera, Diptera, Hymenoptera and Lepidoptera, visit the flowers

of C.rotundifolia. Bees however are the most prominent visitors (Kmuth 1lic.)

as might be expected of a large Blue flower with a structure such ag that

found in C.rotundifolia. In fact the only insects I have obrerved to

viglit the flowers are humble bees of an unidentif{ied species. Very few
visits have been»observadﬁ but a flower remains open for several days, and
in plants vigited later in the season most capsules have enlavged and
contain seed, The majority of flowers must therelore be croass-pollinated
for, ag will b

e shown later, most plants are totally self«incompatible.

SECTION 3 w= BREBDING SYSTHM

Mogt of those who have worked on the breeding system of Carotunéifolia
have come te the conlusion that all three cytodetes are most probably
totally selfesterile (Gadella 1964, Block 1964, ¥ovanda 197Ca). Block (l.c.)
obtained some geed g8 a resuli of the self pollination of a plant from
Glen Coe « probably a tetraploid. However she could mot rualc out the
poasibility of contamination with foreign pollen. She has however shown
that in one hybrid plent selfing could yield zecd at the beoginving of the
flowering seascon but fail later on in the year. ‘'Miere have been many
recorded instances of self-compatible polyploids being related to self=
incompatible diploids (JFryxell 1957), Chromossra doubling using colchicine
(Stout and Chandler 1941) may result in seifwcomsotibility in the tetraploid
whoereas the diploid was sell-incompativle. This is interpreied as the
result of the duplication of the incempatibilily gones.

The results obtained by Bielawska (19649 1963) are in total contrast
to those described above, She reported that all Polish tetraploids

examined were somewhat self{-compatible; in certain cases highly so0.




In the gourse of the work for thig thesis a study has heen made of
the breeding system of several diploid; tetraploid and hexaploid plants,

Lxnerimental methods

“Artificial pollinations were made by removing pollen from the style
of the male parent with a dissecting needle and applying it to the stlagmatic
surface of an emasculated [lower of the female parent. The success rate,
as Judged by the number of capsules setfing seed relstive to the number
of flowers pollinated, wag well over 50% in compatible crosses, For crosses
within each oytedeme between plants collected within the British Isles the
success vate was 60,7% (85 out of 140 pollinations) for the tetraploids,
and T7.1% (27 out of 35 pollinations) for the hexaploids, On the 26 crosses
made between tetraploids 22 ylelded some capsules with seed, and of the 9
between hexaploids all 9 yielded at least one capsule with seed.

The greater success obtained with the hexapleid i almost certainly
in part a result of the larger size of all parts of most hexaploid flowers
which renders them easler to handle and less easily damaged.

Once flowers had been pollinated they were protected from contemination
by being enclosed in small packets made from cellophane, greased paper, and
‘sellotape' held in position and closed by vaper-clips (fig.5.1). A& major
problem encountered with some crosses wasg that-the sheltersd condilions
ingide these bags provided an ldesl habltat for the red spider mite. 'These
gometimes albtacked the green developing capsules to such an extent that
they became almost colourless, in which case the cross usually failed.

If discovered in time such infections were dealt with in several wayg i

(a) by killing and removing the mites by rubbing with the fingers (this
destroyed both adults and eggs but rarely removed them sil); (c) by washing
the capsules with a jet of water (removing most adults and some eggs but ddihg
less damage to the capsules than rubbing)y (c) by spraying a little malathione

aerosol into the bag. Such infection and treatment always caused greatexr



damage to the smaller more delicate tetwraploid capsules than the largen
1ore robust capsules of the hexaploids. The best method of avoiding
trouble from the red spider mite was fo remove the bags as soon as possible
after the stigmas and styles had withered and to spray frequently with
valter,

It is well known (Feyxell 1967) that pollinations wade before the
atigma would normally be recepiive are sometimes successful where nsiural

pollinations made later would fail, In C.rotundifolia I occasionally used

this forced pollination technique for pollinations that had previously
failed to yield sesd when carried out on mature stigmas. The method used
was to move apart the syppressed lobes of the stigma of a young flower and
apply pollen to the stigmatiec surface. No viable seed was obtained by this
method in pollinatlons that had earlier proved incompatible, though thin
ghrunken seeds in fally formed capsules were produced Trom crosses which
had formerly falled totally. |

Another factor which may affect the success of a pellination is the
temperature wnder which the plants are grown. It has been shown (Fryxell
1967) thal az the temperature rises compatible pollen tubes grow more
quickly but incompatible pollen tubes grow more slowly. Differences in
temperature could therefore determine whether a.particular pollination will
be successlul or not. Most of the pollinations carried out in this study
wore performed iu greenhouses in which the femperature would usually be
above that expected in the wild.

As the seed capsules of (.rotundifolia are inverted and open by basal

valveg, the seeds will not fail out of an undisturbed capsule even if it
ig dwy and has dehisceds Howevery the seed ripens and fturns purple while
the capsule is still a greenigh colour; and it usually takes several days
for 1% to bturn yellow=brown and become dry. It is therefore possible to

collect every seed produced.



Despite the problems disoussed above, C.rotundifolia has a flower

which is easy to emasculate and pollinate, Also, as a successful poilinatian
can result in the production of 100 to 200 seeds (the usual contents of a
single capsule), it is not too difficult to ebtain large progenies.

The results cbtained from selfwpollinations in this study are presented
in tables 7.1 and T.2e
Letraploids

0f the 15 tetraploid plants selfed it was interesting to discover thaig
two set a few viable seed, Plant 65.6.5 produced a few viable seed in each
capsule with an average of 8 per capsule. The germination of the few seed
formed wags good w 90.6%. Plant 77¢7+4 on the other hand produced capsules
containing seed in which development had besn arrvested at many stages of
developnent 6.8, & single capsule often contained a complebe ranse of
gtructures from dried ovules, through shrunken seeds ol all sizes, to fully
formed seeds. It was therefore wery difficult to assess the number of seeds
formed in each capsule, For 10 capsules the average was about 16.% seods
per capsule with an average of 0.9 seeds per capsule appearing to be fully
formed and probably viable. Of a large number of seeds sown 24 .germinated.

In the case of these two plants a few self pollinations carrled outl
garly in the programme yielded a very fow seeds per capsule., To rule out
any possibility of this result having been obtained through contamination
the plants were isolated; several inflorescences carvefully bagged,and secaled.
Thus a large number of flowers were isolated in a bag which came to contain
a large amount of loose pollen which it was hoped would reach some of the
receptive stigmas simply as a result of shaking the bag. As the majority of
capsules produced a few sceds eachy 1t ie considered that these were most
likely to have been produced as a reswlt of self-fertilisstion. (If one or

two capsules had each produced & lot of seed and the rest had been totally




SABLE Ted

o]

Code No.of
plant

41464
41,63
41.6.C
69.6.4
45,604
466
46,6,1
49.6.1

38.6.F
38,61

TTeTeh

88.6.4
28.6.4
89.6.C
64.6,B
65.6.B
10,6.4
51.6,B

THE_RESULTS OF SELE-POULINATING THIRAPLOIDS

FROM THE BRITISH TSLES

Looality

Muir of Ord, Hoss
and Cromarty
Muiy of Ord, Rossg
and Cromarty
Muir of Ord, Ross
and Cromarty

Moy, Inverness

Carrbridgs; Inverness
Avienorey Inverness

st i
Dalnagpidal,"

Blair Atholl,
Perthshire

Blair Atholl,
Perthshirae

Bridge of Orchy,
Apevil

Ben Lui,Perthshire

Ben ImeyNr.Arvochar,
Argyvll

Ben Ime,lNr,Arrochar,

Argvll
Campsiesy Stirling

Cramond, Nr, Edinburgh
Pichnabruaich,; Argyll

GirvanyAyrshive

Capsules

+ueed egced

0 9
0 14
0 15
0 5
0 31
0 6
0 oo
2 @0
2 40
4 oo
68 oo
0 2
0 %o
0 4
0 52
12 oo
0 2
0 8

Seed
Avarage No.per
capsule
0

0
0
0
0
0

0

Infertile
Infertile

Infertile

0.9

0

Percentags

germinatio
0

0

n

a1



sterile, contamination would then have been the more probable explanation —
¢ofe Block 1964), This technique gave positive results with the two plants
which ware suspected of heing =lighitly selfwcompatible; and also reinforced
the negative results which haﬁ been obtained with other genotypes.

The habitats in which these two selfwcompatible genotvpes were collected
are of gome significance, Plant 65.,6.1 was collected on Cramond Island in
the Firth of Forth, and 77.7.A at 1050m (3,5000t) on the swamit of Peinn
Dorain in Avgylles Both localities are situations in which self-compatibility
conld be of selective advantage. Ou an island a colonising totally selfw
incernatible individual would be unable to reproduce by seed, whereas a
gel M~compatible individual would produce at least some seed (Arasu 1968),

In aretice arveas gelfwgompatible topodemes have been evolved in some species
which are selfwincompatibvle further souwth (Baker 1948)& For much the same
rezzons (isolation of individuals, lack of pollinating insects) selfw
compnbibility might be expected tobe of advantage in montane hablitats.
In spite of these instances of self-compatibility, it appecars from the

iaiz that many tetrapleid Ce.rotundifolia topodemes are totally self-

moabible.  FEvery effort was made to obtain selled seed from the white
Tioveved plant 64.6.Bs  Fifty two flowers were individually selfwpollinated,
thizrteen of them by forcing apart the stismatio lobes before they would
nafrrelly be exposede No seed was obtained.

#rom the above results [ believe I have conclusivelr shown that selfw

commntible tetraploid genotypes of Ce.rotundifolia exist in certadn localities.

It weuld be most ingtructive in future work to examine the self~compatibility
of plants from a range of habitats, particularly those isolated ones in which

selfwconpatibillity could be considered ol selective advantage.



ZABLE 7.2

THI RESULDS OF SELP-POLLINATING HEXAPLOIDS

FROM THE BRITISH TOLES

Seed
Code No.of 1 s Capsules eTa o
Plant Logality roeed  wgeed Avelégk No.pex
capsule

T6.8.C Durnese s Sutherland 1 2 &
456,58 Carrbridgey Inverness 2 4 12

6l.6.1 Strontian, Inverness 0 2 0
BLle8A Mull, Avgyll 10 ad 8.6
22.8,.G R n 4] o0 0

1.60A- Oban,Argyll O 18 4]
2,644 " w 0 3 0
T5eTeh Nr. ArrocharyArgyll 0 1 0

1.1.4 " # 10 0 Telk
A3,8.D Widdybank Fell, 3 3 Pew

Upper Teesdale ‘
101.6.G Isle of Man 0 8 0
20.8.¢ Pontoon, Co.Mayo 8] 1 0
16,8.4 Muckanaght, Connenara 0 3 0
934644 Galty Mis,Coa. 1 13 9
Tipperary

92,6 A Lizard,Cornwall 36 oQ Fow

Percentags
germination

53 (3)
54 (32)
0

29

21
61.5

L6
75 (z;

88,3



Hexaploids
The only published report of selfwpollination experiments in

hexaploid (.rotundifolia is that of Gadells (1964), He selfed a total

of sixteen flowers on two plants, neither plant produced seeds.

The results of my own studies are presented in table $.2. Seven of
the thirteen genoiypes teéted proved to be somewhat selfwcompstible. As
in the case of the tetraploids, only a few seeds were produced in each
capsule, bui in many cases (ee.g. plant 1.71l.4) almost every capsule
contained seed. It thus seems that many hexaploids possess a limited
degree of self-compatibility.

In the only case in which a maturc plant wag grown from a seed
resvlting from selfing (plant 93.6,4), the gingle surviving piant from the
gix seedlings was small and weak, It also had anomalies in its floral
structure {fig,7.1), having fewer than the normal number of parts in each
whorly and structures which were half gepal-half petal, and half petal-
half gtamen. Plants with such anomalous flower structures have not been
noticed Iin the wild. If weakness and anomalies of this tyve are confirmed
in the progenieg from other selfwpollinations it would seem that although
pelf-fertilisation may be pomssible, its products may be abt a seleclive
digadvantage, seeds from cross pollination having a greater genetic futvre,

SECTION 4 e SKED PRODUCTTION

Camnanula rotwndifolia regularly produces large quantities of viable

geed in the wild. The seed probably pipens beitween mid-August and early
October. Observations in localities thyouwghout Britain suggest thai most
of the geed has been scattered and the capsules reduced to skeletons of
veins by early December {table 7.1).

The small number of samples and the fact that elimatic conditions vary
from yesr to yeay make it impossible Yo mske any definite stabement aboutb

seed maturity date and latitude. It seems possible that seed matures eavlier




PABIE 7o% OBSERVATIONS ON SEED PRODUCTION IN THE WILD » DETAILS OF
LOCALITIES IN WHICH SEBD WAS TOUND, IN STHASONAIL CHRONOLOGICAL

ORDIER,

R G

l} 19.8,1968 (52/87-86) (64,8) Firebreak in forestry plantation, Thetford
Chese, Norfolk. A few dry ripey and many green capsules,

2) 24.8.1967 (08/981919) (53.7) Sand dunes, Northton, S. Harris, Outer
Hebridesg., Tully formed green capsules with mature, but unripe
seed.

3} 2.9.1967 {53/82722%F (0.7} Sandstone common near Fakenam, Norfolk.
Ripe meed present.

4)  4.9.1968 {38/95<11«) (84.8) Sand dunes, Aberdeen. Ripe seed present.

5)  5.9.1970 (36/274728) {13.,0} Rock ledge, Arthur's Seal, Biinburgh.
Dry rips and green capsules present,

6) 12.9.1966 (44/649615) (79.6) Calluns heath, Strensall, Yorkshire.
Ripe seed pregents

7)) 16.9.1967 {52/5555=) {65.7) Chalk grasaland, ¥leam Dyke, Cambridgeshire.
Ripe seed present,

8) 16.9.1970 (35/859384) (15.0) 360m (1200£4} Pagture, Ireshopeburn, Weardale,
Ca. Durham., Most stems borée one or two ripe capsules with copen
pores {but with most of the seed still remaining within the
capsule) and several unvipe green capsules. NMany stems siill
hore flowers,

9} 26,10.,1967 (27/266056) (72.7) 600m (2000ft) Mountain rock ledge, Ben
Arthury Arrechary Argyll. Capsule skeletons prescnt, all seed
shed. All stems dxy.

A0)  5.12.1969 (17/834281) Grassland on seaside cliffs. Oban, Avgyll.
Capsule reduced to skeleton of veins except for membrane across
top of capgwle to which some seeds were stuck. All stems dry.

1LY 5.12.1969 (L7/742176) Very exposed seaside ¢liff, Fasdale near Oban,
: Argylle Capsule reduced to skeleton of veins., No seed present,
A1l atemg dry.

12} 6.12.1969 (26/883414) (45.9) Very sheltered position under overhang in
river gorge, Falls of Clyde, Lanark. Seed atill present in
intact capsules with open pores. All stems dry.

13} 14.12.1967 (27/318303) (79.7) 300m (L000£%) Mountain rock ledges in
gully, Tyndrum Argyll. BSome seed present in tatiered capsules,




FIG. 7.10 Abnormal flowers on offspring from the self-pollination
of plant 92.6 from tne Lizard, Cornwall,
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in southern England than in north Sceotland. Further extensive field work
and experliments would have to be carried out before any genefal pattern of
geed maturity date could be esgtablished,

At altitudes of over 600m (2,000f%t) ripe sced is probably regularly
produced each year, the skeletons of fully formed capsules having been found
at 600m (2,000ft) near Arrochar in Avgyll, and seedlings scen at 675m (2,250ft)
on Bed Alder (see below) in the ceniral highlands, At higher altituvdes seed
may not be produced every year, and it i%lpossible that in some exhreme

situations C.rotundifolia may have perennated vegetatively for many years,

the growing season being too sghort for the maturation and ripening of seed,
For example, ou August 2nd, 1970 at 1050m (3,500f%) on Ben Alder oniy s.all
buds (2 mmlong) were present on an extensive (1L m sg,) but isolaie& colonj

in Rhacemitrum heath (table 6,10)s On the 20th of August 1969 at 900m (%,000ft)
on a rock ledge above a snow patch, in the N3, coire of Aonach Beag, Nevis
range, an isolated plant bore a single flower and a bud,while at 1110m
(5,700ft) on Ben Lawers on the 24th August 1968, several plants bore swollen
buds. In the seasonsg in which those three plants were cbhserved it is doubtful
if they .could have produced maturce seed before the growing season came to aon
end. However one plant in the Ben Lawers population bore old stems with the
remaing of capsule skeletons, which looked as 1f the capsules might have
produced seed the previous year,

SEGTION 5w SEED DISPERSAL

The frult of C.rotundifolia is & capsule containing many (up to 300)

seeds, The pedicel bends over after flowering so that the capsule is inverted
at matorlty and opens by three valves at its base. The secedg therefore cannot
fall out without some movement of the capsule. The thin wiry stem -« whish
gives—the-plrant—ibs—ocommen—name « is easily moved by wind or touch, and moves
Jerkily in such a way that seeds will be thrown out of the capsule, Thig of

course iz what has classically been described as the censer mechanism ef seed
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dispersal. HNHowever, this in itselfl, without subsequent wind dispersaly is
unlikgly to mecatter the seed far Trom its source of origine

The seeds are small, brown, smooth, and spindle-shaped, from 0.69mm to
1.218mm in length; and 0,383mm to 0,527mm in breadths They weigh from 506 Mg
to 131 m.gs. They are thus gquite swmall and lisght, bub have no obvious adaptions
for wind dispersal (Pijl 1969).

Seed-eating and agquatic birds have besu shown to carry sceds of sone
species over great distances (Gillham 1970), Hovwever, T have lound no references
to §§g£%§g£§ geed having been found in bird crops or dyroppings. Also I have
seen no wreports of birds having been secn feeding on Campanuls capsules,

Ridley (1930 p.360) weports that vialle G

s 2itolin seed nas been

recovered from horse dung. It would therofore scom trat dispersal in the

gut of large herbivores, which have eaten the ripeuin

v capsules, might be a
moat efficient means of long distance secd dieporssl, He alsgo guotes Praesger,

vho records that Co.rotundifelia seed will float for one day before sinking,

and suggosts that "no doubt all the species of the goovs ave disversed mainly
by raln-wash and fto some extent by wind", At Fovrniasins Abbey seed was found

to have been dispersed to more than 6m (20€%) from Lhe parent plant (Ridiey

leCoPe28). However, from my own observaticas on tau occurrence of geedlings
] S 3

thers is no doubt that by far the majoriiy of tho sced is deposited in the
immediate vicinity of the parent plant.

SECTION 6w SEED GIRMINATTON

As revealed by the study of wild secd collection and progerdes from

cerossing experiments, germination in C.ro is often highly ervatic,

Methods of studying seed germination
About 100 seeds were sown on germinating peds in petri dishes,; and kept
meist for three weeks on an illuminated bench, Secds germinating within this

time were removed., The germinating pads were then allowed to dry out, and



QABLE T4,

THE PERCENTAGE GERMINATION OBTATNED ON THREL SUCCESSIVE

SOAKING=DRYING CYCLES

(A11 but one of the examples quoted are of seed from ertificial hybridisations

asy in most cazes, only small numbersy of each sample of wild collected seed

Were SoWn.)

Temale Parent

41.6,0 Muir of Ord
45.6.4  Carrbridge
28,61  Blailr Atholl
B89.6.C  Arrochar
89.6.C Arrochay
45.6,B  Carrbridge

1,64 Obaxn

Male Parent

64.6.8 Campsies
64.6.B Campsies
45.6.4 Carrbridge
64.6.8 Campsies
38,6,F Blair Atholl
61.6.8 Strontian

EesoA Oban

TdeT Isle of Man Wild collected nesd

4x
Ax

A%
4K

Ax
b
61

S
%

Percentaze
germinatinn
on succeggive
goakings
Ist 2nd 3Jvd
85 6 0
1B 60 0
3 235 44
5% 24 12
51 35 13
91 5 0
43 9 0
100 0 0

Total
Percentago
91
15
80
89
89
90
51

100 .



left dry for a week befors rewwelting for a further three weeks, Germinating
seeds were removed as before, The process was repeated a third tﬁmg, and the
percentage of seed germinating on each goaking calculated (table 7;4)5'

On the first soaking, there was a flush of germinating seeds after
5«7 days. This rapidly talled off, so that in the third week hardly any
peeds germinated. However; a careful examination of the remaining uwngerminated
seeds suggested that wany Qere gtill viable, Keeping the seeds continually
moist, elther at laboratory temperatures  or with a period of up to 14 days
at 2°¢ in a refreigerator, resulted in little further germination, Drying and
resoaking however usually resulted in a further flush of germination, with a
rapid balling off as before, BEven alter three such soakings some apparently
viable seed often remained ungerminated. Further secaking-drying cveles rarely
brought about any further germinations, but wemoval of that part of Tthe tesia
which overlies the micropyle often caused a few of the remaining seseds %o
germinate.

This technigue was found by Amen (1967) to be the only reliable method of
obtaining a high germinstion percentage wifh obviously good seed of luzula
spicata, I have ropeated some of his'experiments with Lespicata and have
obtained similar resulis. T have also found that it im the only method of

obtaining any germination at all in Bartsia alpina, in which germination

percentages up to 90% have been obtained. Similar spectacular results have

been obtained with Elymusg arenariug and Archangelice officinalis, Interestingly,

however, seed of C.rotundifolis does not behave in the sawme way, only 5 to 10

percent of the remaining apparvently viable seed germinating after treatment.
It can be seen from table 6 that the wild collected seed of an Isle of
Man hexaploid all germinated at the firgt soaking. Thiz however was exceptional,

most seedy whether collected in the wild or derived from a controlled cross,
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requiring several soaking and drying cycles to reach a high percentage
germination., In mome casesy however, many apparently viable seed may remain
ungerminated through several cycles in which no germination occurreds Dry
storage for several months followed by a further gcaking may cause a few more
seeds to germinate, but many seem Lo be very deeply dormant. 1t proved

dmpractical to continue most germination tests beyond the third socaking, even
if some of the seed was suspected of being potentially germinable, as fungal
infection became a major factor in gsome plates,

SECTION 7 - DRVELOPHTNT FROM SEEDLING TO ADULT PLANT

The first stage in germination is usually the emergence of the radicle,
which reaches several millemetres in length before the cotyledons. arnear from
within the testa. The testa is very soon shed, A frequent anomaly (2+3%) in
most batches of germinating seed is the occurrence of seedlings in which
radicle growth is weak or ftotally suppressed, In the most extreme cases no
radicle ever emerges from the testa, only a hypocotyl bearing two cotyledons
groving from the seed coat; which remains attached to the base of the hyposotyl.
Where ﬁhis anomaly occurs with a high frequency (tab19310u9, 9¢5, 9.7) it can
be assumed that there is some degree of cross - or sell-incompatibility
between the parents,

Other seedling anomalies sugeesting such inconmpatibility are the occurrence
of chlorotic and variegated seedlings (table 9.3).

On germination, a seed of C.rotundifolia gives rise to a typical dicoty-

ledon seedling with two hearteshaped to oblong cotyledons (£fig.7.13)s The
firgt postwcotyledonary leaves are of the basal, cordate type, and are produced
in a rosette. TUnder favourable conditions the buds in the axils of the first
1«3 rosette leaves produce secondary rosettes (fig.7.1) while those in the

exils of later rosette leaves usually produce flowering stems (fig.7.2). The



roseties bear only cordate leaves, while the flowering stems nearly always
bear only linear leaves; with spathulate intermediate leaves towards the

base of the stems,
TR

1

The main axes of the - . «- rosettes elongate very lititle, bul bear in &¥=
the axils of their cordate leaves, elongated flowering shoots (figa7,5) and
gometimes shoots which develop~ into rhizomes {figs 7.4 and 7.5} These
rhizomes have very long internodes and bear only scale leaves, or rarely
(probably if they receive some Light,) cordate leaves (fige7.4).

The fap weot quickly develops inte a carrot-like white main root, Tn
many cases 1t iz this alone which gives rise to the rhizomes (fig 7.6), none
arising from the aerial shoots. Though the tap root is usuvally very long
Lived, the primary roseties rarely live for more than 2 yea:c.;si the growth
of the plant being continued by the rhizomes (figa7u4)@ Secondary major roots
sometimes arise from the original shoot (£ig.7.6) or a rhizome branch (£fig.7.9).

The rhizomes may be branched or unbranched. The thicker, stronger branches
vasually give rise directly fto flowering stems, unlike the thinner, weaker
branches which give rise to rosettes (fig.7.7). Such rosettes behave in
exactly the same way as the primary rosetle, producing axillary flowing shccts
(£ig.708)e Turther rhizome branches are usually produced from the axils of
rhizome mcale leaves (fig,7,8)9noﬁ as adventitious shoots from a main root.
Rootg are rarely borne on young parts of a rvhizome system, unless ther becone
disconnected, only occurring on +the older mature parts (figs 7.8 and 7.9).

In sumﬁary, the seedling gives rise to a primary rosette which produces
flovering shoots and rhizomes (either from the rosette or adventitiously from
the tap root), The rhizomes then grow to produce a rhizome systemy; whose
branches elther grow directly into flowering shoots; or form secondary

rogettes which repeat the behaviour of the primary rosetie.
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DEAD STEM BuARING CAPSULE
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‘2. MONTH OLD_SEEDLING WITH PRIMARY ROSETTE AND 3 AXILLARY ROSETTES




1 YEAR OLD PLANT ENTERING ITS SECOND GROWTH SEASON, AXILLARY ROSEITE

APICES HAVE DIED,



FIG, . Te3

L YBAR OLD PLANT ENTERING ITS SECOND GROWTH SEASON.
IT HAS PRIMARY ROSETTE BEARING THE REMAINS OF PREVIOUS YEAR'S FLOWERING STENMI,
AND PRIMARY AND AXILLARY ROSETTES BEARING YOUNG PLOWERING STEMS. WNOTE 2

YOUNG SECONDARY ROSETTES ARISING AT BASE OF OLDIR AXILLARY ROSETTE.



DEAD APEX OF
PRIMARY ROSETTE

CORDATE L2AVES
ALONG LENGTH OF
RHTZOME

1 YEAR OLD PLANT ENTERING ITS SECOND YEAR OF GROWTH.

VERY VIGOROUS PLANT., ALL RHIZOMES ARISING FROM AERTAYL SHOOTS.



1 YEAR OLD PLANT ENTERING ITS SHCOND GROWTH SEASON,

A DEPAUPERATE PLANT WITH 2 OF ITS 4 ROSETTE APICES DEAD,.
FROM AN AERIAL ROSETTE.

ROTZOMES ARISING






PART OF AN EXTENSIVE RHIZOME SYSTEM WITH STRONG BRANCHES GIVING RISE DIRECTLY

TO FLOWERING SHOOTS WHILE WRAKER BRANCHES GIVE RISE 90 ROSETTES,



Ll O FXTYINGIVE RHIZOME SYSTEM WITH ROSETTES GIVING RISHE T0 SECONDARY ROSETTES
AND A FLOWEBRING STEM,.
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The diagramatic illustrations of the shoot system (figs 7,1 = 7.9)
represent the gpring condition, In winter the aerial shoots die back,
leaving the rhizome system with growing points terminating either in rosettes,
or in tufts of linear-spatulate leaves which will develop directly to flowering
shoolts, Green leaves are always present above the swrface of the sgoil, and
no digtinet overwintering buds are produced,

In the light of the above observations I cannot agree with Podlech (1965)
vhen he states that the Heterophylla are characterised by overwintering buds
which never develop directly into {lowering shoots. This may be true of some
of the nonerhizomaious southern Evropean plants, which I have never grown, but

it does not apply to C,rotundifolia, Ce.gieseckionay, C.cochleariifolia,

Cezcheuchzeri or Ce.ficarioides, The rosettes of the Heterophylla, however,

never grow oult directly to flowering shoots as in C.percisifolia. The

flowering shoots always arise from an axillary position in a rosette or
terminally on a vhizome branoch,

As reported in Chapter % there is considerable variation in the extent
of rhlzome development in different clones, As this is often habitat correlaied
it hag probably come about through natural selection.

The one diploid Greenland plant of C.gieseckiana has relatively short

gtout rhizomes, and this character is shared by most of the hexaploid plants

I have grown, In particuvlar, plants from the sea cliffs near Oban (topodemes
1,65 2.6 and 55.6) tend to have very shorf stout rhizomes, as do plants from
the Merrick (13.8); and it is interesting lo note that these are the populations

which bear the greatest morphological resemblance to C.gleseclkiana, The plant

with the least rhizome development, and in which all shootls appeared to be
strongly negatively geotropic, was & member of a hexaploid population,which
was otherwise quite strongly rhizomatous, growing on the schist c¢liffs of
Muokanaght in Connemsra in western Irelandh(fig.B.Z). The singld Canadian

hexaploid (97.6 fig.7.11) was similar to this Irish plant in its rhizome



ne. 71} Hexaploid from the Isle Gaspe in the St. Lawrence estuaiy in

east Canada (97,6),
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growth (though with much more erect shoots), as were some Ausirian plants

of Ce.scheuchzeri, All thege plants were rather difficuli to retain in

cultivation without special attention; winter dampness and fungal attack

or insect attack, destroyved the dense vhizoms system which lacked the far

¢rseping branches that enabled other cloneg to survive such conditiong.

Tetraploid plants tended to have more extensive whizeme svestems than the
hexaploids.

Degpite the above mentioned diffcrences bLetween tetraploids and hexaploids,
ecologically vorrvelated differences in rhirzome developument were noticed which
were common to both cytodemes. Sea oliflf plants as a whole had relatively
short rhizome systems, while grassland, and csvecially sand dune plants,
tended to have very sitvongly developed rhizome systems, i

SECTION 8 « TiHE OCCURRMNICK O Siwtyi THGS TN WG4 1D

AlL sites from which moture plants were teolken were cxanined to sce if
seedlings were present, although in somg cases only the ftwef collected was
carefully scrutinised,

Seedlings of Cerotundifolisn with post-cotyledonary lcaves are fairly

v

gasily distinguished, but when only the cotyledors are present 1t was usually
Telt necessary to confirm the identification by breaking a cotyledon and
looking for the characteristic milky exudate Prom the veins,

The primary seedling root alwave forms e thick, ecylindrical itap rcet,
from the upper regions of whick rhizomatous choots emerge. These rhizomes
may be long or short, depending on the ecodeme, the very short type being rare.
The long rhizomes rarely develop roots similar to the original tap root. On
the short rhizomes, which occasionally produce such roots, the roots are
always in clusters beside the original tap root, It is therefore nearly
always pogsible to tell if a given plant has originated as a seedling at &
particular site, or arrived there by rhizomatouvs spread. For relatively

small plants which possess a tap root it is often possible to arrive at an
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approximate age by examining the degree of rhizome development, though

of course rhizome formatbion may be greaﬁlf delayed in the case of small,

weak plants growing in the shade. 1;
Seedlings were found at only<ﬂghﬁ sites, and, though they‘hdy nave

been overlooked elsewhere, they are probably not very comnon af seedling
.

<

P . oo x T [
egbablishment seems to require rather specilal conditiona, These:wvould secn

.s
A3

to be primarily the absence of competition in a microhabitat with more on
less permanently moist surface soil. These condltions arve necessarv ag
the small seedlings grow rvelatively slowly. Iany seeds probably germinaile
in gpring, (MarchwApril) and sre thersefore beginning their development at
what is often a dry time of year, and when the surrounding plantsz are
baginning to grow rapidly. ’

Details of the localities in which seedlings hove been found are given
belows along with notes on the condition of the plants,
1) Seaside ¢liff ledges, Ardlamont Point, near Tighnabruich, Argyll,
16/988642., Site examined 29/3/1967 (3/7), 12/4/1968 (3/8), 22/7/1969 and

10/4/19719 Covotundifolia is a common plant on the ¢liflfs in this locality,

growing in cracks and on ledges, and to a limlted extent in the grassland
above the cliffe. The vegetation is very diverse, ranging from highly
caleareous wet flushes with tall herb vegetation, throush species rich

gragsland, to dry acid ledge vegetatlon wilh frica cinerea dominant, The

Campanula is more or less confined to the‘calcareous habitats, There is
little evidence of grazing by large domestic harbivores, probably becausgs
of the inacceseibility.

In March 1967 many seedlings at the cotyledon stage, were seen on areas
of bare soil, while in April of the following year some seedlings were noticed

in a wel tussock of the moss Cratoneuvron filicinum (figs 7.12 and T.13). In
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FIG. 7.12 Seedlings growing on wet Cratoneiiron filicinum at

Ardlament, Tighnabruaich, Argyll (10.4*1971)

FIG. 7.15 Seedlings growing on green algal jelly at Ardlamont. At upper
left are two very young seedlings, one with cotyledons only, the
other with one post-cotyledonary leaf. Another seedling with

e cotyledons only is visible at top centre. Four older seedlings

are present.



geedlings were fe

Cratoneuron filicinum (dominant)

Centaurea nigra (mature plant)

Filipsnduls vlmarie

Samolus valerandi {(small roseties and seedlingg)
Umbilicus rupestris

Conocephalun concium

"Palmella' green algal slime
In July 1969 I decided to carvy oul a more thorcugh survey of the microe
habitats in which seedlings occurred, and to look to see if any 1l=3 year old
plants were present. The habitats in which seedlincs and yvoung plants ware

found are given below

er
4

Tabitats in grassland on steep slope above aliff

(a) Onc small etiolated seedling (aotyledon and one post cotvledon leaf) in
fairly dense grass sward with s

Anthoxanthumn odoratum

Campanula rotundifolia (nature plont)
rica cinerca

Galiwn saxatile

Hieracium 8p.

Hypochaeris radicata {zcediing)
Potentilla erccta

Mriium hoxmum

Cladonia spp, (squamules)

v

(b) C.rotundifolia seedlings on bare pateh of scil about 1Com in diameter in

vegetation described in l. with sw

Hypochaeris radicata
Thymus drucei (seedling)
Bryun spe

Burhyrchium praelongum
Cladonia spp. (squamules)

Habitats on c¢liff ledges

(¢) One seedling on moss tussock with se

Anmphidivm mongeottii
Campyliwm siellatum
Riceardia pinguis

(d) One seedling on moss tussock with g

B

Cratoneuron filicinum
Cerastium bolesteeides Tontanum
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(¢) One seedling on moist soil with =

Arrhenatherum elatium (8eedling)
Cratoneuron filicinum

(£) One seedling among oldy dead Arrhenatherum stem bases, the lower parts
covered with "Palmella' green algal slime with i=~

Arrhenatherum elativa (one live shoot)

Campanula rotundifolis (living, but leafless, old rhizoue)

Cratoneuren filicinum
(g) One seedling in another habitat similar to (f),
(h) Two oneeyear old seedlings (which must have germinated in antumn), each
with about four well«develdped leaves borne on a gingle rosette on a rock
ledge with i Athoxanthum odoratum (one seedling)

Cratonewron filicinum

Eorhynchiwn praelongum

Conocephalum conicum

Pellia ephiphylla
(i) One twowyear old plant (single rhizomatous branch bearing about three leaves)
on a wat ledge with gw

Amphidium mongeottii

Cratoneureon comnutatuom

Pellia neesiana

Riccardia pinguis

When these data were examined it was reslised that they did not give enov

informaition to determine the btime of germination. The site was therelore rew
vigited in April 1971, with special attention being paid to the sizne of the
seedlings and the number of postcotyledonary leavesg,
(3) Pive seedlings with cotyledons or cotyledon stalks and 0,2,3,5 and 6 vosi-
cotyledonary leaves respectively. A second year plant was also present. nomod
with e Festuca rubra

Bryum cfs pseudetriquetrum

FPissidens taxifolius

Pellia neesiana
(k) One seedling with cotyvledons only. One second year seedling and one young
plant in at leagt its third year. On soil with $«

Arrhenatherum elatius (1 seedling)

Plantagzo maritima (2 seedlings)

Pellia neesians

Riccardia multifide
"Pulmella™



EABLE Tod

SUMMARY OF THE DEVELOPMENTAL STATE OF SHsDLINGS TN

GOLLECTIONS Jd-n FROM ARDLAMONT POINT, TTGHNABRUATCH,

ARGYLL ON 107H APRIL 1971

No, of postwcotyledonsry leaves O 1 2 3 4 5 6 7

No, of individualg ‘ %3 2 2 0 1 1 1



{1) Two seedlings with the remains of cotyledonary petioles and two and three

post-cotyledonary leaves respectively. On Crateneuron commutatwm turf with -

Arrhenatherum elatiuve (1 young plant)
Brachypodiurn sylvaticum

iindymion nonescripta (2 second vear Seedlings)
Filipendula ulmaria (1 young plant) ;
Schoenus nigricans (3 young plants)

Campylium chrysophyllum

Pinguicula vulgaris

Riceardia multifida

"Palmella®

(m) One seedling with cotyledons and one post-cotvledonary leaf,
(n) Two seedlings, one with cotyledons onlyy the other with cotyledonary
stalks and two postecotyledonary leaves.

See gummary of data in table 7.5

2) Rough mountain pasture, Creag Tharsuinn, Argyll < 425m (1,7501t) 26/084907

2/8/1969 (erotundifolia occurs cccasionally in the grassland and on vock ledges

and cracks in cliffs. Grazing pressure ig probably fairly heavy. One young
plant wag estimated to be in its second year. It had no rhizome development,
It had & well developed roselte of leaves about 3 inches in diamefer. On small
soil ¢liff aboul 6 cm high withge

Digranella heteromalla
Nardia scalaris

Surrounding vegetation (species bordering soil patch)

Agrostis canina Trichophorum caespitosum

festuca vivipara Vacciniuwn myrtillus
Galium saxatile Sphagnum papillosum

Nardus stricta
Potentilla erecta
Seglingia decumbens
3} Clay on limestone ledge in gorge, Cassop, County Durham. Three second

year seedlings with Sesleria caerulea

4) Mountain streamside in rough grassland, Ben Alder, Inverness-shire.

675m (2,250£%), 4/8/1970. Corotundifolis occurs occasionally on stireamsides

and rock ledges. Grazing is probably negligible, The only large herbhivores

seen in the area wers Red Deer, and in the summer they kept to the higher ground.
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(a) Two seedlings with cotyledons and one post~cotyledonary leaf on small
vertical soil cliff on the bank of a stream (fig.7.14) among stems of Nerdis
scalaris. Other species on the soil cliff (within 30cm of seedlings) ses

Potentilla erecta (seedling with one post~cotyledonary leaf
and etiolated~hypocotyl 3.5cm long)

Hypnum cupressiforme

Sphagnum subsecundum

Caly poegia muelleriana

Diplophyllum albicans

Pellia neesiana

Surrounding vegetation overhanging soill e¢lifl ¢-

Agrostis cahina

Alchemilla alpinag

Calluna vulgaris

Campanula rotundifolia (flowering)
Carex binervis

Deschanpsia caespitosa

Fentuca vivipara

Nardus stricta

Potentilla erecta

Vacciniun vitis-idoea

(b) One seedling with one postecotyledonary leafl, on flal mossy sircaunside

bank with g Alchemilla alpina (seedling) Hypnum cuoressiforne
Campanvla rotundifolia Flagiothecium undule tum
(two rosettes) Rhytiadelphuus lorous

Hvlocomium splendens
One seedling with two post-cobtyledonory leaves as above with e
Oligotrichum hersynicum DipJ&phyllum albicans
On. saﬁe so0il patch g

Blechnum spicant Poltrichun spe(commune or alpinur
Campanula rotundifolia Plagiotnecium undulatum

Surrounding vegetation §m

Agrostls canina Trichopherwa caespilosum
Calluna vulgaris Vacciniws myrtillius
Carex binervis ‘ Viola viviniana
Deschampsia casspitosa Diplophyllur albicans

Euphrasia gpe
Potentilla erecta

5) Roadside ditch in sorubby woodland, 6m (20ft), Cavry, near Tighnabrusich,
Argyll, 16/9  22/3/1969,

A few plants of C,rotundifolia occur on a railsed beach on the seaward
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FIG. 7»14 Single seedling with cotyledons and one post-cotyledonary
leaf on steep streamside hank at 675m (2250ft) on Ben Alder,

Invernessi#



side of the woad,and on the verge and dilchside on the inland wooded side,

Seedlings were only found on the bank between the ditch and the wood « the

AR
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only site in which there was an area of wnvegetated moist soll,
Three seedlings, each with one posiwcotyledonary leaf, were found on a
gmall (dom high) vertical soil cliff with e

Mnium longirostrum
Thuidivm tamzriscinum

One seeding with one positwcotyledonary leaf was seen on bare soil about 5Smm
deep overlying bed rock. The bare pateh was al the entrance to a disused vole's

burrow, Assoclated species on tne bare soll patch were e

Anthoxanthum odoratum (sesdling) Maiwa hornum
Betula pubvescens (seedling) Thuidiun tamarisceinum

Centavrea nigra (seedling)
The ditchside vegetation surrounding the bare soll patches consisted of ge

Herb layer

Agrostis canins Campanula rotundifolia
Centaurea nigra Oxalis acetosella
Hedera helix Potentilla erecta
Lonicera pericyclimennum Primula vulgaris
Ta1ll herb laver
Coryius avellana (young Pteridiun aguilinum
shrub)

Iree layer
Quercus robur

6) Clayey, gravelly fluorspar detritusg 3%0m (1,3000%) Sedling mine, Cowshill,

Weardale, Coe Durham. Grid ref. 35/359412., Pop.l4/70. 16/9/1970,

Mine spoil heaps arcound old workings, with the degree of vegetation varying

from totally absent Lo more or lesg complete covery but with much bare soil

wder the vegetation.

{a) DPase of steep, very unstaﬁle, unvegetated slope, where some stability is

given by the presence of a culvert emerging from under the pile of defritus,
Many seedlings with cotyledons and one or twoe post-cotyledonary leaves,

Second year and older plants were also present.



Associated species g

Testuca rubra Minuartia verns
Hieracium vulgare agg. Rumex acetosa

(b) More stable slope with many seedlings and young plants of all ages.
Asgociated speoleg &w

Agrostis tenuils Bryum 8poe

Fegtuca ovina (dominant) Hypnun cunressilorne
Fegtuca rubra Welssia sp.

Thymus druceil Cladonia sguamuvles
Viola lutesa Cornicularia aculeata

(¢) As above (£fige7.15)

Associated spociege~

Agrostis tenuis Hypochaeris radicala
Anthoxanthun cdoratum Minuartia verna
Louisetun arvense Thyous drucel

Hieracium vulgare aggoe
7) Compacted sand in dune system where sand extraction had taken place.
6m (20£t), near Crago, Luskentyre, S.Harris, Outer Hebrides {Inverness),
Pope58/7. 24/8/1967. Grid. ref, O8/Ywemm
Several dozen very vigorouvs second year plants were coming into {lower,

Gyrotundifolla was dominanty with the asgociated species being :-

Bellis perennis Poa pratensig

Carex flacca Thymuy drucei

Fectuca rubra
8) Agrosto-TFestucetum, South of Nameless Sike, near Cow Green, Upper Tessdale,
Co. Durham, c.l,630ft, Grid vef. 3%5/907295. 6/1969. 12/5/1969,

Second year plant present,

Digecusgion of sites in which seedlings occur

Sites (1) = (3) can be regarded as wholly natural, while sites (4) =~ {(8)
have been disturbed in varying degrees by human activities« TIrom the

descriptions of the 8 sites in which C.rotundifolia seedlings were found, it

can be seen that they were found only in very open microhabitats. Only in
site la was a seedling found in a habitat in which vascular plants had a cover

value of 100%, and that seadling was very etiolated and of an unheal thy



FIG. 7.15 Numerous young plants on spoil heap at fluorspar mine,

Cowshill, Weardale.



yellowish green colour, All the other seedlings found were on bare md?é%lsoil
or moss tussocks,often in very shady places. Thoush often etiolated (the
hypocotyl in the seedling in site %a fig.7.14, was lem long), the seedling
leaves are usvally a deep green colours In such places growth @ay initially
be very slow (e.ge 3i), bub by rhizome develovment, the plant can spread to
better illuminated neighbouring areas more suited to the vegetative growth

and. flowering of the mature plant. BHRhizomes wup to about Jtein long with oniy
scale leaves along their lengths and a rosette of foliage leaves at one end

(i.e. which have been produced within one growing seagon), have been ssen in

the wild in cracks on mountain cliffs. In this way C.rotundifolia can reasch

dry woek crevice habitats ideally suited to the growth of the mature plant,

but in which seedling establishment i quite impogsible, C.rotundifoliac, with

its deep roots and vhigomes, is one of relatively few vascular planis which
can colenise many very narrow dry cracks on cliflf faces,.

The difficulties of seedling establishment could be one of the reasons why

Cerotundifolia (the hexaploid oytodeme) is absent in most of the grassland on
the steop slope leading up to the most westerly cliffs of Ben Bulbin, Slige,

vel ie¢ a very common plant on the cliffs themselves and in the grassland
within about three meters of the ¢liff. The cliflf ledges arve a very unstable
habitat with the {thin clay soil on the limestone ledges being subject to
continuouvs erosion, and thus providing many bare soll patches. Such open areas
are not found in the grasslandy but the disturbance of the uppermost grassland
by deposition of material eroded from the cliffs above may be of importance in
allowing the colonisation of this small area. The mature plants as well as the
saedliﬁgs of the hexaploid cytodeme may require open habitats forx their survival.

One would otherwise have expected C.rotundifolia to have spread further downhill

by vegetative spread alone.
Th more open habitats (e.gs 2,6 and 7) growth may be much more rapid, though
Llowers are prebably rarely produced till the second year. In cultivation

{lovering plants cen be obtained within four months of sowing.



SECTTON 9 « SEED GERMINATION TN TiHe WILD

from table 7.5 it can be seen that in April 1971 all siages were
present between newly germinated seedlings with only ootyledons? and
seadlings in which the cotyledons had decayed and which bore ub to 7
post-cotyledonary leaves. Thes latter seedlings had quite élearly
germinated the previous autumn, However, the winter 1970-~71 was particularly
mild, and the site studied was gituated on a mild part of the Scotlbish
west coast, and so the proportion of seedlings surviving the winter might
well be greater then uswal. The lack of any obvious division into two size
clagses further suggests that germination ocours over a long period9 rather
than in an Autwm and Spring flush, BEvidence of Auntumn germination was
also obtained from quite a different type of site on a fluorspar tip'in
upper Weardale (site 5). Here much of the seed seemed to have germinaled
imediately it was released, seedlings with cotyledons and no, one, or twe
postmcotyle&onary leaves being frequ@ﬁt on the 16th of September 1970, It
ig clear that nany seeds also germinate in spriny from the occurrence of
many scedlings possessing only cotyledons in the springs (MarcbwApril) of
1967, 1968 and 1971 at site 1, and the presence of plants with only one
pogtecotyledonary leaf in July and August at sites 5 and 4 resvectively,

These results suggest that seed germination in the wild is very
irregular, occurring over a long period. This is supported Ly evidence
from é@rmination experiments carried out in the laboratory (table T.4).

From the results it can be seen, egpecially in tetraploids, that a
high proportion of the seed may not germinate on fthe first soaking., If
this phenomenon ocours in the wild it is likely to result in germination
occurring over a long period. It may be that the spring flush of germination
follows a dry periody such as often occurs in March, the seed having

remained ocontilnuously moist over the winter.



ALY the seed in o capsule is not shed al one time, and seed has

heen found adhering to capsule skeletons as late as the 14th of December,
Thue webtting and dryiné may occur while seed is still within the capsvle,
Seed wlthin capsules hag never been obgerved to germinate. Thé seed seems

4o xretain Iits viability for a long time, dried sgeed ahowing-gocd germination
after five years storage at laboratory temperatures., Althoush there are

too few resultys to draw any definite conclusions, it is interesting that

the higher polypleid level shows a much lower degree of dormancy (table T.4).

ety

The same situation has been found in diploid and tetraploid Tr

plevrosnermun
dndorum, by Kay (pers.oom, }s the diploids showing greater seed dormancy.
Several other siltes have been cazrefully searched for the presence of

seedlings, especially an area of smerpentine cliff and grassland in Glendarvel,

which carries an exteénsive population of C.rotudifelia., A population

sample of 17 plants showed great morphological diversity, sugnesting the
presence of a large number of clones, and therelore possibly the freguont
establishment of new genolypes as a result of sexual reproductions However
a careful examinatlon of many apparently suitable habitats in Avgust 1970
and April 1971, as well as study of the fturfls containing the plants which
were taken into cultivation in July 1966, failed to reveal a single seedling
or young plant.

The serpentine rock gives rise to a somewhat toxic so0il, resultirg in
the ¢liffs and surrounding grassy slopes having a rather sporse vegetation
cover. This results in numercus open microhabitats which would seem to be
ideal for the establishment of geedlings. The ¢liff and scree habitatls
were father dry, and so¢ perhaps unsultable for seedling establishment except

in e particularly wet year. However, C.rotundifolia was common on the ciiffs

and screesy; and seedlings of other species (especially Phymua drucei) were

frequent. In the surrounding open grassland habitats which were much
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disturbed by frost heaving and soll erosion, there were many small moist
soil eliffs. From observation on sites 1, 35 and 4, these would be expected
to be ideal habitats for seedling establishment, but despite a pareful
search, no seedlings were found.

In the atepped microtopographys produce@ by the series of small soil

cliffsy Corotundifolia tends to be particularly freguent and most vigorous

at the edge of the vegetation above the small soil eliffe. (C.rotundifolia

vag sometimes the only speciles vpresent on guch small soil ¢liffs, having
grown or been washed down from the vegetation above, and being held in
position by its rhizome which was connected to a rhizome network. Almost
all the other gpecies present were non-~rhizomatous, Seedlings of other

species (@.&s Thvmus drucei and Linum catharticum) did ocour in such habitats.

The soil on guch small soil c¢liffs was usually crumbly and bare of cryvplogeminc

pe

vegetation. This is in sitriking contrast to sites in which C.rotundifolie

seegdiings have been found, whersg the soll surface was usually firm and
colonised by algae and bryophytes. Another factor may be that, although
seed is produced, it is in rather small quﬁntity as a result of grazing sheep
and the emall gtature of the plants, which rarely bear more than ane flower

per gtem. Howesver when the site was visited in summer many C.rotundifolia

{lowers have been seen, and some of the cliffs and wrocky areas are inaccessible
to sheep. It would therefore seem that the exposed dry nature of the habitat,

combined with low seed yield are the factors most likely to be responsible

for the absence of seedlings. Probably seedling establishwent mav be possible

only in the occasional year when there is no dry period during the whole

Spring and Summer,

SECTICN 10 = SEEDLING ESTABLISHMENT

from the above evidence of the existence of yvoung plants in their second
yvear and older, and the fact that some of the mature plants collected from

other sites still possessed a primary tap rooty it can be deduced that the
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establislment of new plants from seed occurs regularly in the wilde.

An interésting phenomencn has been observed in potted plants which
have become contaminated with seed. Bven il the original plant’was large,
healthy, and filled the pot, some of the contaminating seedlingé grev
vigorously, and if lefty they replaced the original plant. Such young
plants could be easily recognised, even alfter three years, by their vigorous,
thick, carrot=shaped, white, tap roots. Thus it appeared that seedlings
at least in their first two years, possess a special vigour which gives
them a competitive advantage over mature plants of the same specles, and
probably over other species too.

An ohjection that could be raised to this interpretation is that, ag
planta from mony different populations wers being cultivated in the one
greenhousa, the contaminating seedlings would most likely be highly outbred,
and therefore show hybrid vigouwr. However a subjective assessment of the
vigovr of seedlings of known origin did not reveal any obviouws differences
batween secdlings from wild collected seed, intra-~topodeme crossesn, and
inter-topodeme crosses (same cytodeme), If anvthing, seedlings from inter-
eytodeme crosses (i.e. pentaploids) were less vigorous than other seedlings,
but one of the most vigorous of the contaminating seedlings was a pentaploid,
produced by open pollination in the greenhouse.

Forther experiments are plonned to investigate this sitvation and to
eliminate the possibility of the seedlings being more heterotic than the
mature plant with which they awve competing. Seed taken from a wild population
will be scattered over established plants of the same population growing in
pots and in beds in the garden.

No direct evidence of seedlings replacing mature plants has been
obtained from the wild, but as individual oclones often have

charscteristic flower shape, colour etc., and can therefore be recognised,
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the presence of several genolypes in a single patch can sometimes be
detected. One such pateh near Moy, Inverness-shire, consisted of more
or less evenly spaced stems covering aboul 2 sQ.m., and was composed of
light blue, very pale blue, and pure white flowered stems complétely
intermixed., Rhizome samples taken into cuitivation yielded both very
pale blue, and pure white flowered plants, and it is considered that the
pateh congisted of at least three ¢lones growing clozely intermixed,

SOCTICN 13 e THE GENSTIC STRUCTURE OF TOPODEMES

Thig linding of the intergrowing of several genotvpes is clearly
of intervest in ccnsidering the genetic structure of fopodemes. There is
evidence thal certaln gsnotypes have a depree of gelf-compatibility, others,
however, are probably totally self-incompatlible. Such seli-incompatible
genotypes, 1f they are to take paxrt In sexval reproduction, must be growing
with plants of a different genctyps. A sbudy of the genolypie siructure of

fopodemes of Cyrotundifolias, similar to those carried out by Smith (1965)

and Parberd (1961, 1963) on Fesiucs rubra and Trifolium.repens would be most

interesting, '
SoCmroT 12 - SUAMARY OF CONCLUSTONS

(l) Pollipation - Cross pollination is usual, carried out wainly by bees,
but sell pellination mey occour ag the stigme lobes recurve.

(2) Breeding svgtem = Most fetraploids are self-incompatible, but the

oceasicnal tetraploid and many hexaploids are somewhat selfw-compatible.

(3) Send production - C.rotundifolia regularly produces large quantities

.
P

of seed in the wild, seed or meedlings having been found wp to an altitude
of 675m (2,250f%), At high altitudes seed may be produced only in the
sceoasicnal very favourable year, and it is at least possible fhat in some
gituations individual plants may have survived by vegetative spread for a

very long time,

L I



(4) Seed dispersal w Seed ie dispersed initially by the censer mechsnism,
then perhaps by wind and water. DBirds and herbivores may eat the capsules
and smo disperse the sgeed,

(5) Seed gsermination - Seed germinability is usuwally high, bubt germination

itself im often highly erratic, Iaboratory observations indicate a possible
mechanism in that some viable seed only germinated after being soaked and
dried., Such a mechanism to gpread ould germinztion over a long pericd is of
obvious advantage to a4 species in which seedling establishment seemz to be
such a critical part of 1te life cycle.

There is evidence from the wild that germination does occur over a vecy
long peri&ds from early autumn as soon as the seed is shed, till at least
the spring (April).

(6) Develonment froem geedling to adult plant = A seedling fivet produces =z

rosette bearing rotund leaves from whose axils spring [lowering stems and
pometimes rhizomes, Rhizomes then arise adventitiouvsly from the upper part
of the tap root. The rhizomes Afﬁen branch wdergrouwnd, On reaching the
gurface the rhizome apices either develop directly into f{lowering shoétsp o,
1f they are less vigorous, produce roselbtes which behave in the game way as
the primary rosette formed by the seedling.

(7) The occurrence of geedlines in the wild « In the wild seedlings and

young plants are rare, germination and survival of the wvoung scedlings only
being possible in continually moist microhabitats with o limited amount of
competitions Once established in such a sitvation, colonisation of surrownding
habitats quite unsuitable for gseedlling establishment is poszible by vegetative
spread., Such spread may in fact Le necessary as the damp shady conditions
suitable for zeedling establishment are often quite unsuitable for the optimum

development of the mature plant, which secms to prefer dry, suny habitats.




BT
R
[InS

Cliffs, where such dissimilar mlicro~habitats oceur close together, thus
’ ¢

provide & sultable habitat for C.rotundifolia, BEven grossland can

provide guch conditions. Small bare batches of soil, produced by animal
~activity, are shaded and moist, and; as long as the grasaes are not too

large, the C.rotundifolia can produce stems which are al least as tall

as the surrounding grasses, and the basal leaves can develop verr long
petioles,

8 The cenetic gtructure ol topodemes « Obsorvations sugrzest thint voune
- : I g3 y 5

plants may be more vigorous than older established plants, and so ray be

capable of invading and perhaps replacing colenies of old plants,




CHAPTER, 8 GEOGRAPHIGAL DISTRIBUTION OF TIN CYTODEMES IN THE BRITISH, ISLES

SEOTION, ) . INTRODUCTION

An examination of the distribution map of C.rotundifolia in the British

Isles {Perring and Walters 1962) (fige 1.3) reveals some peculiar features.
It is rare in the lowland area round the Wash, in southewest fngland { Cornwall
and Devon), in the North West Highlands of Scotland « especially away from the

coast, and in the whole of Ireland. As Cprotundifolis is very eamily recognised

in flowery it is considered thatl its absence from these areas is real. Some
wdererecording is however likely especially in Ireland,
These gaps in the distribution have to be considered in the light of the

fact thet Ceorotundifolis is characteristically a species of heathy grasslands

and cliff ledges. These habitats offer a wellwoxygenated subsiratum, a
reasonably high light intensifyg and often a relatively infertile socil.

Absence from the Wash ares might therefore be due to the lack of suitable
habitats, the vhele area being intensively farmed and highly fertile. However
this explanation qpuld not possibly apply to the forth West Highlands, or
Ireland,

The climate of tlhe south west differs from that of the rest of the British
Isles in being warmer end mildere This does not lead to the exclusion of many
spoecies, and in fact results in the presence of a fair number of species which
ccour nowhere elsge in the British Isles (except perhaps in gouth west lreland)a

That Cerotundifolia may not favour warm conditions is however, suggested by its

restriction in northern Spain o cool damp gorges in the lowlands, and the
higher reaches of the mountains. Also the wet acld soils of south west England

are much less suitable for C.rotundifolis than the chalk and limestone grasslands

of the neighbouring regions of scouthern England.
The North West Highlands do not differ merkedly from the mountainous ares

south of the Great Glen, but their harder gneissose and quartzite rocks do tend
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to give rise Lo poorer, moré acid soils thaw the more répidly weathéring
aschistase rocks of the southern and central Highlands. The climate is also
colder than that of the rest of Britain and the growing season shorter. This
last factor in particulaxr coul@ impose serious restrictions on @ilate

flowering species such af Cerotundifolia, and its restriction to ceastal areas

in the north~wegt could be interpreted as evidence in favour of this argument.
Some gpecies common throughout the rest of Great Britain are very rare in this

area, but with such gpecies ag Mercurialis perennis the rarity of suitable

-
ol
ﬂheltem%d calcarsons habitats is probably &n important factor. Certain species

such ag Arctous alpina are largely restricted to the Noxth West Highlands, and

their requirements seem to be for short cold gsummers to reduce competitions

In Ireland Cbrqtundifoli@ is quite common on the northern basaltic cliffs
and in some such isolated limestone areas as the Burren and the Ben Dulbin area
in Bligo, However its rarity throughout the rest of Ireland cannot be explained
by eany of the factors invoked to account for its absence from parts of Great
Britaine The eclimatic and edaphic factors in Ireland seemed to he ideal,
gspecially when the great extents of basaltic and limestone rocks is considered.
One of the main ways in which the Irish flore differs from that of Great
Britain is in the absence of‘species which had not reached Ireland before it became

an island. It was therefore considared possible that Irish C.rotundifolia might

differ in some way from the British plants, and would thus be behaving as a
geparate entity with different ecologlcal requirements., This sugegestion was
supported by Morisset's count of 2n=102 for & plant from the Galtee Mountains
in County Tipperary; indicating that Trish plants might be hexapleid. However,
three tetraploid counts reported by Bicher (1960) from Sligo and Donegal had
to be considered.

Anothexr remarkable gap in the distribution of (syotundifolia is the Isle

of Rhum., Thig absence was confirmed by the Nature Conservancy's Warden on the

islandg Mr., P, Wormwell, vho has been looking out for the species for the last
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eloven years. Thig gap in its distribution is surprising as C.rotundifolia

is common on rocks of g similar, but less basic type, to those of Rhum in

the neighbauring island of Mull and on the mainland in Ardnamuarchan, It is
also common on the machairs of the Outer Hebrides, A pogsible 9&planation

is that the dispersal mechanism of the species is not efficient enough for it
to be able to cross such wide ses barriers as 1t would have to cross to
colonlse Rhum,

Another interesting problem toncerned the reported diploids in the eastern
parts of England (Kovanda 19661L) which were likely to be contiguous, if not
intermixed with tetraploids.

Very few counts were therefors available when the work for this thesis
was begun (fige 1.2), but those few suggested diploids in sastern England and
perhaps Scoltland, lsolated occurrences of hexaploids in the south-wegt

(Corotundifolia is very rare in this region), and tetraploids throughout

most of the country.

The ceounts reported here (table 4.2) presentela somewhat different picture
(figa 8s1)e The detailed distributions of the eytodemes had therefore to be
mapped outy and the aveas where they were contiguous sltudied in detail. In
thig chapter I shali attempt to zaécount for the distribution pattern found in
Pritaing dealing with cach of the oytodemes in turn.

Pollen of Camoanula (probably C.rotundifolia), and in one case meeds,

have been reported intermittentiy since the last (Wiechaelian) fulil glacial
period (Codwin 1956, West 1970), so one or other cytodeme is a native plant
of long standing, and this must be taken into account in considering present

digtributions.

SECTION 2, JHE SEARCH FOR DIPLOING

Kovanda'ts dipleoid counts have not been confirmed, despite the fact that

seed and plants have been obtained from two of the exact locations from which



FIG. 8.1

The distribution of the tetraploid and hexaploid cyfodemes

of C.rotundifolia in the British Isles
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he obtained hig seedy and from only & few hundrsd yards from the ﬁhird station,
This disagreement is sufficiently important fo make il imperalive to give the
details of how Xovanda end I ¢obtained our specimens.
(a) Fleam Dyke,

Kovanda's material from Fleam Dyke, Caombridge, was & seed sample collected
by Dre Do Briggs in 1965. My collection consisted of 12 living plants and

seedy also collected by Dre Do Briggs from the game locality in 1967,

(b) Downham Market

The meterial from Downham Market, Norfolk, counted by Kovanda was again a
seed sample, and was collected by Dr. Pe Yeo of Cambridge in 1965, Dr. Yeo
gave ne the detalled grid reference and locality of his gollection, and
Dre D Butcher obtained seed and living plants from this locality for me. He

reported that C&rotundifolia wag rare in this area, and that the clone he

sampled was the only one found in the locality.

(e) Berwick

| Kovanda's gseed sample from Berwick was also collected by Dr. P. Yeo, and
again I obtained details of the site, and collected material from a number of
localities in the area.

ALl the specimeﬁs T obtained from the above three sites proved to be
tetrapleid,

On the basis of pollen grain measurements Bbcher (1960) suggesited that
diploids might ocour on the Isle of Wight. A seed sample from there, though
giving plants with small flowered paniculate inflorescences and small pollen
(fige 5627), proved to be tetraploid.

Although many specimens have been counfed from such well known
arctio=alpine refugia as Teesdale, Merrick,; Ben lawers, Bem Lui, The Ca,irnWell0

Ben Nevis range, Ben Alder range, and Durness (Csrotundifolia is absent from

Ben Move Assynt and the Inchnadamph limestone), no aretic-montane diploids

have bgen found,



FIG. 8.2 Diploid cell in root of otherwise tetraploid plant.



Tyice I have made sopparently diploid counts on British plants; but
further counts on the same plants proved them to be tetraploidse. The diploid
roots (which aould not have belonged to another speecies as the pote held only

C,rotundifolia) were rather thicker than normal and had only a gmall muber of

dividing cells. The chromosomes in these c¢ells had & peculiar sppearance
(fign 832) with the region  round the centromere being contracted, bui
with the ends of the chromosome arms appearing very hazy and appavently
uncontracteds Two such cells were geen in one root, and one in each of three
other roots,  These cells, and perhaps the whole roots, may have been the
result of gomatic reduction divisions, but thigs cannot be faken as proven.

I have therefore been mnable to find diploids in the British Isles, but
cannot rule out the possibility that they mey be found » pessibly on challk .
in anglaclated areas of souvthern England south of the Thames and Severn

valleys.

SECPION 3 = THE WIDESPREAD TRIRAPLOLD CYPODEME

By far the majority of harebells found thirougheut mainland Britain are
tetraploid, Apart from scattered hexaploids, all harebells in the main
island are tetraploid, exceﬁt thoge in Cornwall, possibly Devon, and in a
narrow coastal helt from Kintyre round the waest, north and north east coasts
of Scotland to Dingwalls The only large offwsghore islands on which tetraploids
occur are the Isle of Wight and Arran - nothing is known about C.rotundifolisa
in Anglesey. There are therefore few il any disconfinuities in the distributicn
of the tetrapleidd, and just outwith their present range are habitatg which
seem highly suitable fopr colonisation, such as the Hebrides, limestone areas
of north west Scotlend, and especially Ireland., Some, but by no means all,
of these habitats are occupied ﬁy the hexapleid. cytodeme. However these arcas
are separated from the nearest plants of the tetrapleid by sfretches of erther

ses or bog; and long range sged dispersal is unlikely (Chapter 7). No species
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mapped in either the Atlas of the British Flora (Perring end waltérs 1962) or

the Critical Supplement o the Atlas of the British Flora (Perring and Sell’”

1968) has the same distribution as that of tetraploid Coxolundifolia.

From the distribution of the tetrapleoid cytodeme it is suggested that it
may be a relatively recent immigrant from the continent. We may suppose that
it arvived after the land bridges teo Ireland and the Hebrides had been broken
by the rising sea level, and after morth western coastal areas had been
igsolated by the development of forest or bog (West 1968, 1970).

The only results which would tend to argue against this theory arve Bocher's
report (1960) of tetraploids in north and west Ireland., As with Kovanda's
diploid counts, I have tried very hard to confirm Bicher's results, obtaining
21 plants from one of his sites (Ben Bulbing Sligo), and one from another
(s1ieve League, Donegal)s The five plants counted from Ben Bulbin, and one
from Donegal were hexsploids. His other sitey; Denegal coast, wag too imprecise
to he verified, My own plants from Slieve League and Ben Bulbin agree with
Bchér's description of plants from these sites. ALl Trish plants proved to

be hexaploid,

SIRCTTON 4 o TVE HEXAPLOTD CYTODIME

If Bocher's report of tetraploids in Ireland can be discounﬁed, hexaploids
occur to the total exclusion of other cytodemes in Ireland, the Hebrides,
the Isle of Man, and the west, Horth and north esst Scolttish coast from
Campbelltown in Kintyre to Dingwall on the Cromarty Firth, north of Inverness,
Hexaplold populations have also been found in 8 lsolated localities within the
distribution range of the tetraploidss Of these 8 igolated populations, five
are in well recognised refugla of arcticwalpinesé Teesdale; the Merrick,
- Kircudbrightshires Ben an Lochain, Argyllj Ben Alderj and the Den Nevis range.
The other threg are in more lowland stations « Wanlockhead, Lanarkshire! Glendaruzl;

Argylls and Carrbridge, Ianvernesse—shire,



(a) Vain distribution area

Within the wain distribution area of the hexaploids, in Cornwall,
Ireland and the ITsle of Mang and the Hebrides, they are obviocusly isolated
from tetrapleoids. On the western coast. of Scotland, on the othef hand,
the map (fig. 8,1) would suggest that the hexaploid populations are
conliguous with tetraploid populations. In no locality, however, were such
contiguons populations found, As one travels from eagt to west across

the Scottish Highlands, especislly in the north west, C,rotundifolis becomes

less frequent. Eventually only the odd plant can be seen in a roadside
verge, or on the well drained soil along sitrean banks. Finally, especially

in the north west, there is a tolal absence of (,rotundifolis across great

stretches of bog till one arrives at the west ceast. Here Cerotundifolia, now

ag a hexaploid, can be found on hasalt sea cliffs, sand dunes, and areas of

‘

limestone.

Within this area C.rotundifolia is sometlmwes very common, for example in

the basalt ¢liffs of Northern Irela,nd?.l\?‘ull9 and Ardramurchan, &nd on the
m&ohairs and sand dunes of the Outer Hebrides., BElsewhere it can be guite rare,
being confined to habitats which have nol been fowested gince the last
glaciation and often in association with arctic-—alpines, At the Lizard it is

confined to shady habitatls; apparently being unable to colonise the sea cliff

fock ledges or the Jrica vagans heath, which become very hot and dry in summez,
In the west of Treland it is more or less confined to such well known refugia
as the Durren and the shell sand areas of Comnemara which support a small
cutpost of the Burren flora. It also grows in the well known localitieg for
arciticeglpines on the cliffs of Muckanaght in Connemara and Ben Bulbin in
Sligos By Lough Conn it was found confined teo moss tussocks in boulders on

‘the lake shore with Galium boreale. These boulders ave flooded in winter, and

and the habitat is thus kept open and free from treocsa.
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In the extreme north west of Scotland it is confined to such réfugia as
the Durness limestone, and the Bettyhill sand dunes. The hexaploid usually
behaves as a calcicole; unable to stand much competition, and preferving
a cool or cold climate. &lso, in all the situations examined, its populations
are separated from those of the btetraploid,

The distridbution of the hexaplold cytodeme could be interpreted o be
that of a specles being replaced over most of its former range by s more
vigorous new invader, the tetraploids It therefore only inhabits those .aresas

to which the invader has mot yei spread.

(b) Isolated occurrences

Having considered the hexaploid within its main dlstribution range, we
shall now consider the isolated hexaploid populations,
(i)  Desgdale

S A eaneny

In Teesdale the hexaploids grow on the limestone grassland with Genti

Jerna on Viddybank Fell, and on the banks of the Tees down at least as far as
High Force, On the Fell itsell the liﬁestone grassland communities are isolated
by bog, unlike those on ¥he Thistle Green en Cronkley TFell which are inhabited
by tetraploids. These latter grasslands are contigubus with areas of upland

grassland and Cronkley secar, both habitats suitable for colenisation by

Corotundifolia and via which the tebtraploid could reach Thistle Green.

(ii) The Merrick@_Kircuﬂbrightshirg
The hexaploid population on the Merrick ig found on the summit platesux

in assoclation with Salix herbaces in very open vegetation on solifluction

terraces, Although only at an altitude of 810m (2700ft) it is probably the

harshest environment in which I have found C.rotundifolis. The plateau merges

dovnwards into upland grasslend containing Corotundifolia = probably the
-tetraplaidr cytodemd,

The one plant which gurvived from collections made on this mountain was the
1
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most distinebive British specimen I have sgeen (fige 5¢24), with its open
almost saucer shaped corellags hemispherical ovary and single‘floweréd stems,
Taxonomically it is very close te the published descriptions of the most extreme

form of C.zieseckions.,

(ii1) Ben Alder

The sitvation on Ben Alder is similar to that on the Merriek; with the
hexapleoids occurring on the plateaun and rock ledges at high altitudés 900-1050m
(3000-3500£%) on the north western side of the mountain. Plateau plants were
iselated from presumed tetraploids oceurring on the lower slopes and in the
Great South Coire (Garbh Coire)s. On the North Bast, East, South and West faces,
the barrier was the very exposed rim of the plateaw, while wet grassland and

Vaccinium myrtillus « Empetrum hermaphroditum separate populations of the fwo

cytodemes on the north west shoulder.
It is interesting to note that on Aenach Beag on the opvosite sgide of the
valley tetvaploids were found on limestone at 990m (33%00ft) in association

with such rarities as Minuartia rubells and Verconicafructicans. However,

unlike the isolated Ben Alder hexaploid topodeme, this topodeme was continuous

down ta AllE & Coire Muoir o the valley over 390m {1300ft) below.

ucEsen e ma s

Co.rotundifolis is very rare on Ben Nevis and neighbouring honach Beag,

isolated individualg ecevrring in grassland and on rock ledgez from 600-900m

(2000m3000ft)a Associated arctic~alpines included Baxifrasga cernus, S.rivularis,

Taraxacum craspedotum and Cystopleris montang. The two plants examined were

hexaploids,; and so presumably were the few other scattered plants seen. They
bore few large flowers on relatively stout stems with hemispherical ovaries

and cofolla bases, In this valley at least, any vpward spread from the lowlands
in Glen Nevis (which might be inhabited by tetraploids) would be preveunted by

extensive Molinia-Myrica swamps,
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(v} Ben an Lochain, near Arrochar, Arvgyvil

Two hexaploid planis have been collected from Ben an Loéhain, neay
Arrochar in Argyll. One specimen (75.7.4) wss collected by a friend and
ite exact lecality is unknown, The other (La7l.4) congisted of'é few very
weak noneflowering shools growing among moss in a very shady crevice in a
gully at about 8l0m (2700ft). This was by far the highest altitude at which
I found Corvotundifolis on the south face of the  mountain, As noted in the
chapter on morphology, this planty unlike tetraploids from lower down on the
same mountain, had the hemispherical ovary, the rounded corolla base, and the

large flowery of Ceogiegseckiana. I believe the other hexaploid sample to

have come frem o different clone as it differed morpholeogically in having as
a congtant charvacter straight corolls lobes (figu 5@23)6 On this mountain sre

to be found such arciic=alpines as Poz alpina, Saxiflrase oppositifolia and

viviparous Degchampaia caespitosa,

(vi) Ben Iawers

\A most significant find was the discovery of two pentaploids on Ben
Lawers, Thelr presence ls taken as an indication of the current, or at least
recgent, ccourrence of hexapioids on this famovs mountain., OFf 1% specimens
gollected from the highest reaches of the mountain only the two highest samples
were pentapleid. These were collected on the West Rocks and the coire above
Iochan nan Cat. All the other specimens pravéd to be tetraploid, and differed
morphologically from the pentaploids in being smaller flowered (fige 8¢3).

It is perhaps significant that the summit colonies of G,rotundifolia on Ben

Lavers are not isolated from neighbouring lowland populations as they are on
Ben Alders The species is more or less contlnuvously distributed in the
grasslandsy which extend from the valleys to the summit of the mountain.
Therefore, unlike most of the previously described mountain stations of the
hexaploidsy the Ben Lawers topodemé has not been free from invasion by

tetraplolids.



FIG, 8.3 Slender tetraploids (on left) and more robust pentaploid

(on right) from Ben Lawers (cultivated material).
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It cannot be withoub gignificance that the mountain areas in which the
hexaploldds occur are some of the highest in Britain, and are often eithex
plateaux, or have much ground above 900m (%000ft), . They are alsa some of the
most important refugiae of arclice~alpineg in Britsine Unfortunatély noe semples

of Corotundifolia have been obtained {rom Clova, Caenlochan, .or the Cairngorms,

but material from many less well kunown sites are tetraploid « The Cairnwell
limestone, Ben Imi, Ben Dorain (Bridge of Orchy), The Glen Falloch Hills,
the Braes of Balquhidder, and Sca Pell Pike. Harebells are absent from the
well known mountain habitats of srcticealpines in the North West Highlands -
Inchnadamph, Ben More, Assynt, Seana Bhraigh and Beimn Dearg near Ullapool,
Sgury Mor Fannich, snd An Teallach ﬁaar Pundonrel in Wester Ross,

Although the oceurrvence of the hexaploid or pentapleid cytodeme in the
abaye five localities givesa clear pileture of 1t behaving ag an arcticwalvine,
there are also three other much more problematical occcurrences; at Glendarucl,
Argylly Wanlockhead, Lanarkshires and Carrbridge, Invernasseshire,

(vii) Glendarmel |

In Glendaruel a small hexaploid population was found on stream banks in
& river system largely surrounded by dense woodland in its lewer pavtz. As
Glendaruel ig not far from the west coast aree inhabited exclusively by
hexapleids, this population may bave been only recently isolated from the mzin
distribution dres of the hexaploids. It seems that the open habits along thoe
stream banks enable the population to survive, while the surrounding woodlands
protect it from invasion by the tetraplolds. A plant from a neighbouring
meadow was ansuploid with 2n=88 « this I1g only the second record of an aneupleid
within the section Heterophylla (Bocher 196%),

(viii) Yanlockhead
Several hexapleid individuals,apparently of different genotype, have been

obtained from a grassy pasture nesr Wanlockhead. Nothing further is known



about the site, or about the polyploid level of plénts in the neighﬁouring
hills, There are meny arcticealpines in the hills in this areay; bul the site
at which the hexaploids were found wag wnol 2 habitat in which one would expect
to find arcticealpines, and the plants themselves differed very 1itile
morphologleally from the average of British tetraploids.

(ix) Carrbrides

The single hexaploid individual collezoted near Carrbridge, Invernesse
ghire, grew in an otherwise tetraploid population. It differed mowphologically
from thege only in its rather short broad flower.

It is possible that the single hexapleld plant from Carrbridge, and
perhaps those from Wanlockbhead, have heen derived {rom the neighbouvring
tetraploids through uwnreduced gametes. The lack of morphological fealures to
distinguish between the hexaploids and tetraploids from each ares supports
thig theory. The high frequency of gilant pollen grains in sgome tetraploid
populations (to 40% in 51.6.8) makes it quite likely that hexaploids could
have arisen in this way.

A similor origin of hexaploids from tetraploids by means of unreduced

ganetes ilg described in Potentilla anserina by Rousi (1965), and Ockenden

and Walters (1968). In this species all the hexaploids found occurred in
otherwige telesplold populations. They were alwest totally gterile, and
survived only through vegetative reproduction.

SECTTON 5 o CONCTUDTNG REMARKSY

My conclusions regarding the digitribution of the cytodemes of C.rolundifolin

in the British Isleg are as follows:is
(a) The presence of lowland diploids is doubted. If they do occur the most
likely place is eagstern and southern Britain (in fact in the areaz from

which Kovanda rmeports them),.




(b}

(o)

437

Whether we accept Kovanda's counts ow net makes little differenee to the
interpretation being put forward te explain the distribution of the
tetraploid and hexaploid ﬂytodémeso There iz no evidence that diploids
related to those of Greenland, Spitubergen, and North Norwayg occur in
the British Isles.

Tatraplold populations are distributed more or less continuously
throughout mainland Great Britaln from the English Channel northwards

to the Great Glen, with gaps in the Bouth West, the Wash area, the
Horth Highlands, and the Hebrildes., This cytodeme is therefore probably
a relatively recent (posteglacial) immigrant from the continent.
Hexapleid populations ere distributed in a very disconbinous manner
throughout Ireland and the wesbern snd northern seaboards of CGreot
Britaine. In these areas tetraploids are tobtally absent, Such a
Iugitanian digtribution pattern has been stated (West 1970) to be &
relic distribution characteristic of specles which have been present

in the British Isles for a long timeg and have probably persistied here
through at least one glaciation,

Hevaploid topodemes also occour in isolated pockets within the distribution
area of the tetraploids, wsually, but not always, in mountain habitats

in association with areticealpines,

A further dlscussion of the geographical distribution of cylodemes

exanining areas cutside the British Isles appears in Chapter 11,
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CHAPTER 9. HYBRIDISATION EXPERIMENLS

SECTION 1 = TNTRODUCTION

How that the morphology, ecologye and distribution of the several species
and cytodemes studied have been dealt with, some consideration will be given to
the possibility of zene exchange between these various entitiéso The
technigues uged in making the crosses have bheen described in Chapter 7,

A nomber of crossing experiments in the genus Campanula are reporied in
the literature. Gadella.(l964a 1966) attempted many interspecific crosses,
often between quite diszimilar species, in his attempt to L£ind the most

natural way of subdividing the genuvs. He also carried oul some crosses between

gpecies within the subsection Heterophylla, and reported that Ce.cochleariifolia

was nol crossable with any of the three cytodemes of Ceorotundifclia. Reciprocal

crosses gave similar results. Bielawsks (1964), however, reported limited

interfertility between C,cochleariifolia and tetrapléid Corotundifolia, although

less than half the progeny were the expected triploids, the majority being

tetrapleoids, Crosses beltween lowland and montane genotypes of Ceroilundifelins

and between these and "Cepolymorpha®™ and C.gelids (here named Cp.gscheouchzexi)

were also made (Bielawska 1968), No distinet breeding barriers were found
between elther the ecodenmes or ﬁhe gpecies. Without giving any data,BScher
(1966) states that arctic and temperate dipleids crossed "without any
difficulty', ss did tetraploids from both regions. He also successfully
carried oul orosses between dipleoids and telraploids. Thus Cygieseckiana,

(arctic) and C.rotundifolia are presumably freely interfertile,

The plan of this chapter 1s as follows. TFiretly gene exchange between
tetraploid topodemes from within the British Isles will he discussed, and

then British Mexaploids will be considered in the seme way. Following this,

congideration of intracytoedeme gene exchange between British topodemes, none

British topodemes of Ch,rotundifolia,and related species will be brought into

the discussion.
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Both intracytodeme and intercytédame crosses involving diploids will then
he dealt with., This will be followed by an account of crosgses between
tetraploids and hexaploids, and further crosaes involving the resultant
pentaploids.

Crosses involving Cearvatica, a species not belonging to the subsection
Heterophyllay will be briefly mentioned.

The chapter will cloge with g short discussion on the significance of

the results of the hybridisations to the evolution and taxonomy of (exoltunriliiclis

[V

end the species with which it was crossed.

In many of the crosses described below only an Fl generalion hows Loen

raised, time and space precluding the ralsing of further generalions It ds

-

realiged that fthe ability to produce an F. does not ncocessarily indiceaie tho

ability of the parental entities to exchange genes - the FJ misti be infertile

{(Stebbins, 1958). The ease of production of an T, does however rive soms

1
indication of the degree of interfertility. In some cases F1 nl-.nts wero
successfully open pollinated, while in others they were backerorued and an 1

-

raised, and where this hag been done a much better sscessment 0 tne demeoe of

interfertility can be obtained.

SKCTION 2 w« CROLGHS BRTWREN PRITISH TETRAPLOTDS (Table 901)

It can be seen from the table that 17 of the 27 crosses rosulied in the
production of good seed giving over 40% germirelicn. Two other cronscn gnvs
good seed which wag not tested for germinability, leaving 8 which elther fuiled
completely or had poor germination.

The 19 crosses which yielded gwantitics of fully developod #eed can be
conpidered to have been successful; bui the otﬁer 8 will have to be ewmmined
carefully %o see if there is any evidence of the existence of incompatibility
barriers between topodemes from different parts of the British Isles,

hpart from cross (4), it is nobiceable that four female parents are




TABLE 9,).  TEE RESULTSOF CROSSES BETWEN THTRAPLOTIDS FROM THE BRITISH ISLES
Grosa Temale, parent - Male pavent . Capsules  Good &
Mo, Lode No Locality Code No  Loeality . sseed ~sced seed Germin-
1 41.6.,4 DMuiv of Ord 38.6.F Blair Atholl 5 4 4 83
2 41l.6.4 Muir of Ord 64.6.8 Campsies 7 0 + 70
3 41.6,B Muir of Ord 38.6.,F Blair Atholl 1 0 + 60
4 41.6.8 Muir of Ord 88.6.,A Ben Iul 0 2 0 0
5 41e6.C Muir of Ord 64¢6.8 Campsies 4 10 4 80
6 41.6.C Muir of Ord 10.6,4 'Tighnabruaiclh 1 2 % 48
7 69.8.A Moy 64.6.3 Canpsies 4 a " 96
8 464604 Aviemore 38.6,F Blair Atholl 5 1 o+ 75
9 46.,6,4 Aviemore 64.6,8 Campsies 2 1 t&in 18/
1.0 38,6, Blair Atholl 45.6.8 Carrbridge Q P 0 0
11 38.,6.F Blair Atholl 88.6.4 Ben Iui 1 0 ) 0
12 38eH.F Blair Atholl 64.6.B Campsies o 9 & -
13 38,6.F Blair Atholl 10.6.A Tighnabruaich 0 5 0 0
14 38.6,F Blair Atholl 45.6.4 Carrbridgs 2 1 91
15 A4, T.A Bridge of Orchy 1.7.B Cambridge 3 Q ©
16 89.6.C Arrochaw 3846,F Blair Atholl 2 0 4 89
17 89.6.C Avrvochar 6446.B Campsies i 4 S 89
18 23.6.,B Glendaruel 46.6.A  Aviemore 0 2 0 0
19 23.6,3 Glendaruel 38,6,F Blair Atholl 1 0  FP® g3
20 23,6.3 (Glendaruel 64,648 Campries 2 1 4 42
21 64,68 Campsies 41,68 IMair of Qrd 3 4 + 5%
22 64,6.B Campsies €9.6.4 Moy 4 Q % 08
23 64.6.,B Campsies 3846,F Blair Athall § 0 + 42
24 65.6.E Cramond 88.,6.A Ben Iui 3 6 % 79
25 65.6.,E Cramond 64.6.8 Campaies 8 5 o 77
26 10.6.4 Tighnabruasich 64.6.8 Campsies 1 Q tﬁin 1/co
27 61.6.B Girvan 6446.8 Campsies 2 0 ® 92
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particularly associated with failure or poor germination in crosses. These
four plants, from Aviemore, Blair Atholl, Glendaruel, and Tighnabruaich,

are notevorlthy in being the four. most delicate plants uvsed as female parents,
having swall flowers bhorne on very {ing pedicels. The Glendaruei plant had
in faot the smallest flowers of all the British specimerns seen, though in
this it was not typical of the rest of the Glendaruel fopedeme. Having small
floral parts made the flowers of these plants more susceptible to damage of
all sorts, especially thatl caused by red spider, In crosses, 9, 11, 19, and
26 the capsules were s0 badly attacked that they dried up prematurely end the
seed was not properly formed., Also, in none of these 8 crosses was more than
three flowers pollinated, so that the degree of replication was inadeguate for
g negative result o be highly significant.

Despite these possible technical reasons for the falluve of some crosses,
it 1s worth while examining the results to see If any paltern emerges. TFor
example it would be of interest if the plants which failed as f{emale parents
also failed as pollen parents. It is txue that the Blair Atholl and
Tighnebivaich, plants failed or did bhadly as male parents in crosses 13 and 19,
but they performed successfully in crosses L, 3, 8, 16 and 23, and G respectively.
The Ben Lui plant, which was not used as a female pavent, performed badly as
a male parent in two crosses (4, 11), but a third cross (24) was bighly
guccegsiul,

Thus, no plant consistently failed or performed badly In 8ll crosses
involving ity and there is ne need to implicate genetic factors azm a cause of
any of the failures, obvious technical factors offering a reasonable explanation
in all eases. On the other hand the possibility of some crosgeincompatibility
cammot be ruled out, The Glendaruel plant came from a relatively toxic
serpentine soil, and three crosses invelving it were relatively unsuccessful,
and Antonovies et al (1971) have pointed out the evolulionary advantage of
topodemes tolerant to heavy metals evelving incompatibility with intolerant

2enotypes .
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Although all the tetraploids used in the above crosses are of Scottish
origin, they were chosen to be as morpholegically diverse as possible, It
was unfortunately not possible to repeat most of the crosses which gave

negative results due to the death of one or other of the parentss

SECTION 3 e CROSSES BETWEEN BRITISH UEXAPLOIDS (Table 9.2)

The hexaploid plants used in these crosses include the most northerly
{Durness) and most southerly (Lizard) plants collected within the British
Isles, TPlants from isolated stations as well ss some from the main distribution
area are included.

All the vrosses made weve guccessluly though a high proporiion of
apparently viable dormant seed was left after two of the germination teétsa
It 18, therefore, concluded that thére are wnlikely to be breeding barricrs
~ belween hexaploid topoedemes from even the most widely separated parts of the

British Islese

SHECLION 4 e TETHAPLOID-TRTRAPLOID CROSSES INVOLVING NONBRTTTSH TEPRAPLOIDG

(Table 9.3)

Cerotundifolia x C.pieseckiana (Teeland) BScher (1966),vorking with

material of Cegleseckisna from Greenland, reports these two species to be
completely interfertile at the tetraploid level. The single cross I have
made using an Icelandic plant is in agreement with this wesult,

Corotundifolie x C.asturica Four of the five crosses were wholly

guccessful, all capsules in which the pollination succeeded producing & normal
mumber of fully developed seeds The fact that the seed from the only sample
which was germinated only gave 6.5% germination is considered to be relatively
mimportant as all the ungerminated seeds were fully developed and the low

percentage germination is interpreted asg being the result of dormaucy. The




TABLI 9,2 THE RESULTS OF CROSSES BETWEIN HEXATLOLDS
Female Mple Parenk Capsules Good %
Darent, locality Gode, Hoa, Locality spad. mseed seed Sermd
Gode, Noe ation
760 8.0 Durnesa 83080D Widdybﬁ-nk a 1 & 96
T6 8.0} Durness . 92 ® 6. A Tigmard, 6 4 L "
45.6.B Carrbridege 6L.6.B Strontian 2 0 + 96
106.A Oba,n 206-A Oba'n 3. jﬁ. < 51
750 Fo b Arvochar 76.8.C Durness 1 O : 50
101.6.G Igle of Man 45.6.3 (errbridge H o 4 100
20.8,C Pentoon, Co. Mayo 8%,8.D Widdybank L 0 % o
16.8.A Cormemara 76,800 Norness 1 ? . e
TABLE 9,3  THE RESULTS OF TETRAPLOID & TRTRAPLOID CROSS®S INVOLVING NON-BRITISH

ZRIRARLOIDS

Female Paront

Spegies,
Gerotundifolisn

Cerotundifolis,
Cerotundifolia
Ceanturica
Ceagturics
C.asturics

Cerotundifolia
Cerotundifolisa
C.ficarioides

Gerotundifolia
Cerotundifolia,
Cescheuchzeri

C.acheuchzeri

" Ceglogeckiana

Ceintercedens

Locality

i

Scotland
Beotland
Scotland
N.Spain
N.Spain
H.8pain

Secotland
Seotland
N.Spain

Scotland
Scotland
Austris,
Austria

E.Iceland

Made, Parent

Species
A

“(yrleseckiana

Ceastutics
Ceasturica
Coratundifolia
Cerptundifolis
Corotundifolis

Co.ficarioides
Ceficarioides
Corotundifolis

. Cescheuchzeri

C.scheuchzeri
Cerotundifolia
Cervotundifolia

C.intercedens

Lake Superior C.glesecklana

Jocality

Eeloeland

Ne.S8pain
NeSpain
Scotland
Scotland
Scotland

N.Spain
N.Spain
Scotland

hustris
Augtria
Scotland
Secotland

Good

lake Superior 37 0]

E.Teceland

Capsuley ﬁ
+seed —geed geed Germi
' gtion
8 1 & oo
4] 10 4] Q-
6 11 -
14 0 % o~
T4 0 £3 o
5 0 ¢ 605
1 0 4 55
2 5 @ 0
9 0 % 50
1 2 & 44
1 2 + 78
0 12 0 0
6 6 + 31
3 ¢ -
1 2 thin w
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" fact that ten flowers were pollinated in the cross vhich proved unsuccessful
suggests that the failure might be significant, with the possibllity that
though some genotypes of both spscies are intercrossable, othexmsmay not be.
On the other hand; the raci?rooal cross yielded fourteen capsuleé zsach
containing a normal quantity of seed.

It is probable that Ce.rotundifolia and Cszsturica are interfertile,

but there ig gome indilcation that this may not extend to all genotypes.

Corotundifolia x Cﬂficanhﬁdq& All three crosses invelving these two

gpeciey were highly successfuvl, yielding capsules containing a normal numboen
of fully developed seed. The percentage germination figures are perhaps wvatler

low, but seeds of C.ficarioides are highly dormant.

It is perhaps worth noting that C.ficatrioides is probably ecologically
isolated from neighbouring topodemes of tetraploid relatives of C.rotundilolis

[t

in north Spain (C.asturica)e C.ficarioldes was only found on shale, whercas

Coagturica appears to be confined to limestone,

Cerotundifolia x C.scheuchzeri As in the case of crosscs between

Gerotundifoelis and Ceasturieca, though most of the crosses were highly

suceessiul, one failed completely. However the female parent in this cass

was Coscheuchzerd, and in the other cress in which it wag the femsle parent

the geed showed & relatively low percentage germinagtion.
This may suggest a certain degree of crogseincompatibility between these
two specieg. On the other hand; very little of the sced produced was notb

wall developed, and the relatively halry C.scheuchzeri plants suffered badly

from red ppider attack,.
Bielawska (1968) reports Polish material of these two species to be more
or less wholly interfertile, but Kovanda (1968 and pers, comm.) believes the

material named C.scheuchzeri by Bielawsks to belong to & separate species

Copelidas
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¢, eieseckiana (Iceland) x (e.intercedens  This cross succeeded in one

direction only, but the flowering stem ol the (e.intercedens plant uged as g

female parent died prematurely of an unknown cauwse, The production of thin
poorly developed seed by this plant was probably & result of thig fact,

These two plants are probably wholly interfertile.

Summary of tetraploid x tefrsploid crosses involving non=British plants.

From the results discussed above I do not believe that there iz any
definite evidence of gpterility barriers operating at the level of primary
crosses bebween the tetraploids used in the crosses., This is the case
despite the fact that the plants came from Buvope, Ieceland, and America,

and some of them belong to species (Ceschevchreri and C,ficarioides) whi-h

.

SEEORRER

sre quite morphologically distinct from {yrotur

SECTTON 5 e HEZAPTOID o HEXAPLOTD GROSSIS TNVOLVING FONBRITTISH HEXAPLOLIDS

(Table 9.4)

Covotundifolia x Cerotundifclia. These crosses were made belween one
of the lwo Spanish hexaploids and several Scottish and Irish plants. The
results were rathew variablé, 411 but the one cross which failed completely
resulted in capsules full of seed, bulb one of these had a low percentage
germinatinn(QG%}e MAnother, though having fully developed seed and a high
percentage germination (84%0,re$ulﬁed in seedlingg which developed hardly any
noote. It is perhaps worthy of note that the cross giving seedlings with
poor root development and that giving only 26% germination are reciprocal
CTUSSES.

It is therefore concluded that the results of crossing the Spanish
hexaploid with British hexaploids varies with tﬂe genotypes used. A low degree

of eross=incompatibility seems to be present.



TABLE 9,4

MHE_RBSULTS_OF NEXAPLOID x HEXAPLOTD CROSSES TNVOLVING,

NON~BRITISH HEXAPLOIDS

Yemale, parent

Cerotundifolie

terotundifolis

Cerotundifolis

Cerotundifolis
. Qerotundifolia
Gerotundifolisa

Cerotundifolia

Gerotundifolis
Celatisepal

C.latisepal

C.latisepal

Loca}%@&

Scotland
Seotland

Traland

Ireland
N.Spain

Ne8pain

'N.Spain

Scotland
Alasks

Alaska

Alagka, .

Male Parent
R T

Spegies,

Locality

Corotundifolia

Cerotundifolin

Cerotundifolis

Geratundifolin
Cavotundifolis
Cerotundifolia

Gerotundifolin

Celatigepal
Gerotundifolia

Cerotundifolis

>
A

Qe -loseckiana,

Ne S’_pa’iﬂ
N4 8pain

NeBpain

WeSBpain
Sevtland
Saotland

1reland

Alosgks
Scotland

Ireland

Canadag

Capsules Good %
+seed ~seed seed Geprmir
) atign
4 6 i o7
5 Q % 84
very
3 0 * poox
root
growtt
84
1 0 2 55
9 0 & o1
0 6 0 0
% 4 4+ 26
‘ thin
1 2 0 0
2 5 PR
thin
1 4 g -
H
& Q 4 @
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Comotundifolia » C.latisspalas.  In the three crosses made al least one

capsula in each crosg swelled and produced a full crop of seed. However, all
but two seeds in one oross were thin and net fully formed. Celabtisepala is
therefore virtvally incapsble of crossing with hexapleids from the British
Isles.

Colatisepala x Cemicseckiana (Cenada). Tn contrast to the result

obtained with British hexaploidg, the Canadian hexaploid appears to be freely

crogsable with Alaskan C.laotisepslu. It iz very unfortunate that it hasg

not yet been possible to cross the Canadian plant with British hexaploilds,.

Summary of hexaploidehexarloid erosses involving pon-British plants
Breeding barriers appear to be found between hexaploid topodemes Tr.m
wldely digtant sources. 'There is a low degree of incompatibilily between

the Spanigh and British plants, and the Alaskan C.latisepala seems to be

virtually reproductively isclated from British penotypes. This result is
perhaps rebther swrprising as there'seem to be no such barricrs at the
tetraploid level, On the other hand, the facts reported here are positive
evidence in favour of the hypothesis put forward iun Chapters 8 and 11 that

the hexaploids are a relidtfype of more ancient origin than most of the common

tetraploids.

SECTION 6 « CROSSES INVOLVING DIPLOIDS {Table 995}

As only three diploid plants were used in these crosses, one gpecimen each
3 9

of Cerotundifolia, Cegieseckiana and Chcockleariifolia, all the hybridisations

in which they were involved will be discussed together.

Diploid x diploid. Two of the three possible crosses involving the

three species werc made, and all three yielded capsules full of seed. The low

germination obtained from seed borne on the C.rotundifolia plant is not believed

to be significant asg all the meed were fully formed. Seed of this plant showed

& strong dormancy which could only bhe broken by several webtting-drying cycles,



ZABLE 2.2

THIE RESULTS OF CROSSES

INVOLVING NON-BRITISH DIPLOIDS

Female Parent

an Specieg

(a)

2% Cerotundifolia

2% C.gleseckiana

Locality

Diplold = diploid

I, Germany

Greenland

2% C.coghleariifolis Augtria

(B) Diploid % tetreploid

2% Ceozotundifolia
4dx Cerotundifolia

4_}: 1]
4‘:& (1]
4% Cl.rotmdifolia
4:{ i

2% Co.gleseckiana
Ax Co.gleseckliana

4X t

BeGermany

Saotland

‘l%

Scotland

L

Gréenland

B.Iceland

E.Iceiand

2% C.cochleariifolia Austria

2’

{C) Diploid x hexaploid

2% Co.rotundifolia
2x "
6% C.rotundifolia

6x t
6x "
6K 14

2x C.gleseckiana
6x C,rotundifolia
bx "

BE,Germany
14

Saotland
i

”
N,3pain
Greenland
Seotland

3]

2n

2%

2

2%

4x
2%
2x%

00
=

21

Az
2%

2%

4x

6%
6x
2%
2%
2x
2
6x
2%
2%

Male Parent

Species

Ce.glesealklana

Ce.rotundifolis

Cerotundifolia

Cerobundifolis

Cerotundifolia

tH

Cegieseckiana

Ce.gleseckiang

Cegleseckiana

it

Chorotundifolia

C.rotundifolia
1H

C.rotundifolia
11]

"]
11

Cerotundifolia

Cegieseokiana
i

Greenland

B, Germany

B, Cermany

Scotland

BeGermany

L]

Greenland

“

I.Iceland
Greenland

Greenland

Seotland

Scotland
1)

i, Germany
t

n
4]

Scotland

Greenland
131

48

12

s

F

d
[oR- 2 NoNeNeReRalt

W OLWWO O M

Capsules
Localiity +seed eseed

Percents
Good age
seed gelnile
ation
* é%
many
variegated
4 69
thin chlorotic
+ 74
4} 0
0 0
thin
2 G
[V
thin
2 0
oo
thin
1.
* 1 (5)
thin
2 4]
o
Q 0
0 0
thin
o 20
o
0 0
0 0
0 0
0 Q
4] 0
Q 0
0 0
0 0
0 0
0 0
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gnd the figure given ia the result of only ans wetting.

The cross (.gieseckiasna % (eroltundifolis  yielded many vigorous
offapring " about 5% of which were variegated, having yellow chlorphylle
less segments in their leaves.

Although the cross Cucoahleayiifolia x Corotundifplia appears highly

successful on the basis of the figures given, all the seedlings were highly
chlorotic and had poor root development. Only one survived to maturily, and

it proved to be diploid (figo 10.3)0

Diploid C.rotundifolia and dipleid Cygiescckiona therefore appear to
have a eertain degree of intexrfertility. This conclusion agrees with that of
Btcher (1966)0 On the other hand s strong barrier of hybrid inviability

separgtes diploid Cerotundifolia and (,cochleariifolia.

Diploid x tedtraploid.

Intercytodeme crosses involving Ce.rotundifolis and Ceopieseckinna had only

& vory limited success. DMost of the crosses resulted in the development of
many capsules full of seed, but in every case by far the majority of the seed
was thin and inviable. Az these erogsses have only been performed this yeanr,

the progenies are gtill very young and thelr chromosome numbers are unknowne

It is anticipated that many will be triploid, though a proporition of ftetraploids
resulting from wnreduced gemetes is to be oxpected (of, Bielawska 1964, 1969).

Ag in the ocase of Bielawska's (1964) crosses with (.cochleariifolia seed was

only produced when the female parent wasg the telrapleid Ceretundifoliszs The

failure of the cross Cﬁcoéhleariifoliay? x Cerotundifolia dis, therefore in
agreement with Blelawska's results. Bielawska's successiul cross,tetraploid

Gerotundifolia_g xvCacochlearjifolhxcﬂ could not be repeated using my material

ag my single speciment of Cepochleariifolia was pollen sterile in cultivation.

Diploid x hexaploid

Though many capsules developed normally after diploid x hexapleid crosse
pollinationg, no fully developed or viable seed was produced. Oniy Gadella (1964)
has obtained viable geed from such crosses, but the seedlings died at en early

#hags.
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SECTION 7 = TETRAPLOID-HEXAPLOTD CROSSES {Table 9.6)

Quite 8 number of these crosses were fairly ﬁuc0858ful,,yielding
pentaploid offepring. However, one facet of all these crosses which does
not show in the table is that capsules containing the hybrid segd always had
@ high proportion df thin shrunken seeds of all gizes,

The pentapleoid progenies showed no obvious lack of vigour and some
individuals produced pollen, although slways in reduced guantities. Gadella
(1964) similarly obtained penteploids with bhoth tetraploids and hexaploids

ag female parent, but he states that all his pentaploids lacked pollen,

SECTION 8 - CROSSES INVOLVING PENTAPLOIDS (Table 9o7)

Artiilicially produced pentaploide were backcrossed to both parents, some
crosses succealing in each diregtion, They were also melfed and crossed with
other pentaploids, and again some of each type of pollination yielded seed.

In the backerosses to tetraploids the F2 plants had intermediate chromozonme
nmushers {2n = 7lT7), and iﬁﬁermediaté numbers were also found in backerosses
to the hexaploid parent. This suggests ithat at meilosis in the pentaploids
(at least in the cells giving rise to the functioning gametes) about 34
bivalents separate more or less regularly and the vemaining univalents
irreguiarly. Unlike the situation described by Bielawska (1964) in triploige
tetrapleold backorosses, there 1ls no tendancy for the F2 progeny Lo approach an
even polypleid level parent in chromosome number,

The F2 plantsg showed 1little or no reduction in vigour when compared with
the parents, They were highly variably morphologically, and in pollen
production. Some bore no pollen at all while others showed little reduction
from the normal pollen yield of an euploid plant. Fuarther study, espeéially

of the meiosis, of these pentaploids and aneuvpleids is obviously necessary.



ZABLE 946

THE RESULDS OF CROSSES BETWEEN TETRAPLOIDS AND HEXAPLOIDS

{A) Botween plants fyom within the British Isles

Parcente
Femalw Parent Male Parent Capsules age  Progeny
Code No, 21  Locality Code Nos 2n  Locality taeed «seed germins 2n
ation
41,6.B Ax Muir of Ord 45.5.B 6x Carrbridge 2 0 %5 "
46.6.4  Ax  Aviemore 45,643 6% " 0 2 0 &
8.6 F 4% Blair Athaell 45.6,B bx v 4 5 11 "
51.6.8 4% Girvan 9364 6x Tiﬁperary 0 2 0 "
61.,6.1 6x  Strontian 88,6.4 4%  PBen Lui 4 1 0 o
45.6,B 6z Carrbridge 41.06.C 4% Muily of Ord 2 i by -
. X3
45#6013 6}: " 88060A 43{. Bon Lui ) : % 0 L)
91.8,B 6x  Mull 64.8.B 4% Campsies 1 6 3 -
I pollen
L.6.4 6éx Oban A5G0 4 4% Carrbridge 2 0 50 EX
’ pollen
1le6.A 6 L 38,607 4x Blair Atholl 2 i 2% 5%
poilen
Leboh 6x w 64.6,B 4% Campsies 3 0 9 5%
206»A 6}: H 64060}3 {Qx ‘f l 6 2._.. "y
OO
10L.6.G  6x Isle of Man 41.6.C 4x Muir of Ond 2 0 94 5%
nopolle
101.6.6 6z © u 10.,5.A 4% Tichnabruaich 4 0 44 5%
{B) Crosses between a British tetrapleid and the Canadian hexaploid
Cegieseckiana '
‘ Percent
Female Parent Male Parent age  Progeny
Code No. 2n  Locallty Code No, 2n  Locallty +seed wseed germin- 2n
‘ ation g¢pollen
64.6.,B 4x Campsies 97,648 6% Canada 4 T 95 5x
97 6. A 6x Canada 64.6.,B 4x Campsies i 1 0 -
9?06.3 6X u 64.6.3 43; " 18 12 Lad

i



ZABLE 2.7,

2n

dx 64n603

Famale Parent

TR RESULTS OF CROSSES INVOLVING PENTAPLOLDS

43 64.6.3 i

4x

5%

bx

5%
hx
5x

5%
5%

6x
6%

516

Oban

Oban

Oban

Qban
Oban

Isle

Oban

Isle

91.8.

B Girvan

% Campsies

x Campsies ]

% Campsies

% Campgies

x Campaies

Campsiog

n

hx

5%

B

4%

Male Parent

Oban % Campales

Oban ¥ Campsies

Oban x Campsies

64+6.8 Campsies

Selfed

Selfed

5

Yt

of Man z Tighnabruaichbhz

x Campsies

6x

of Man x Tighnabruaich6éx

B Mull

1,6.4 Oban

5%
By

Oban % Campsies
Oban x Campsies

Oban x Campsaies

1.6.4 Oban

101,6.G Isle of

Oban % Campsies

Oban x Campsiles

Capaulesg
+seed wseed gormination 2n

14
2 6
2 5
5
0]
1
2 4
1 8
1 0
35
Man O
2 3
2 13

1

Percentage Progeny

88 geedling
had no
roots

8 12,
1234
T34 T1s

98 “

45 75(2)

0

8y seedlings

38(&1) had no

rooty

29 "

65 “

0 0

29 c90

0 0
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SECTION G w CROSSESAINVOLVING‘C,ARVATICA,(Table 9«8)

Cobrvatics (2n=28) is an endemic species in the mountains of northern
Spain. Ilg systematic position in the genus is somewhat in doubt (Gadella 1966),
It is not related to any other species of the x = 7 series exceét Coadsurgens
with which it shares its isolated position., Gadells (l,c) places it in his
Group VII (see table 3.4) with species having x = 17, but also 2n=30, and 32,
It is thus placed in the same group as the subsection Heterophylla.
seed from all combinations tried exceptthose involving Csasturica - the only
aspecies with which Cearvatica would raturally cowe into contact, The only
crosses from which viable seed was obitained were those involving diploids of

the Cerotundifolis group. MHowever the seedlings were wealk and none survived,

Crook (1951) reporta Cerotundifolis, x C.orvatica hybrids in horticultural use.

SECTION 10 w« SUMMARY OF RESULTS OF HYBRTDISATIONS

Plants from the Dritish Iales

No breeding harrviers have been proven to exlst within the tetrapleoid snd
hexapleid topodemes within the British Isles. There are slight indications
that such barriers might exist at the tetraploid level, bul hexaploids from
even the most widely separated locglities are fully interfertile,

Diploids
As reported by Bécher (1966}9 diploid C.rotundifolia and diploid Cgmiesecliena

are almogt wholly interferitile,

Diploid Cerotundifolia and C.cochleariifolia are intercrossable, but the

offspring are very weak,
Jetraplodds

No indication of any major breeding barrier has been found between any of

the tetraploid taxa erossed e (.rotundifolia (Britain), Ce.gieseckiana (Iceland},
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Cointercedens (N.America), Ceaslturica (N.Spain), C.scheuchaeri (Austria), and

Coficarioides (W.Spain).

Hexaplodds

Lariahet
Barriers to crogsing appear to exist between a riorth Spanish hexapleoid

and at least one hexepleid from the British Isles. Other genotypes are [reely

intexcrossable,
British hexaploids and Alaskan (elatisepals are almost totally reproductively

DR CARR

Isolated. On the other hand C.latisepala is crossable with an @ast Canadian

hexaploid.

Inbc;wcyﬁpdeme erosses

Offapring have been obtained from diploid x {etraploid and tetraploid x=
hexapledd ¢rosses., Diploid x hexaploid CTOSEes failed completely. “fhe
diploid x tebtraplaid progeny are gtill immature, but the pentaplold hyhrids from
the tetraplold x hexaplaid crogses have resched maluority and ylelded F2 offspring,

This specles iz crossable with considerable difficulty with diploid

Cerotundifolia and Cocochleariifolias

Although these different species and cytodemes are crossable in cultivation,
this does not necegsarily iwmply that they couvld hybridise in the wild., Many
are geparated by such great distances thalt they will never meet. and where
they are sympatrice they might be kept apart by ecclogical or pollinator
specialisation. Also breeding barriers may evolve only where two species meat

Ungranv!?&&)u

SECTION 11 « DISCUSSTON

e

Coanvatica (2n=28)
PSS MR P he ) <

Gadella's (1966) suggestion that (.sryvatica belongs to his Group VII is
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supported by ite inteveressability with members of the lHeterophylla. Tt dsy

however, only distently related to the Heterophylla, having 2nm23.

Gocochleariifolia (2n=34)

Strong breeding barriers appear to exist between Cecochlesriifolia and

CGerotundifolis, though hybrids have been oblained from crosses with both

diploid (this chapter) and tetraploid (Bielawska 1964) strains of Gerotundifolis,
There are no reports in the literature of pnatural hybrids occurring, though
Bielawska's gtudies have ghown that they might be very difficult to detect,

She has demonsirated that more than 50% of the hybrids obtained from the

dipleoid x tetraploid cross were tetraploid, resulting from unreduced C.cochlepriie

Tolia pollen, and fully interfertile with tetraploids, iven triploid hybrids on

crosging with tetroploid C,roitundifolin, gave rise to F? progenies with

el

chromogome numbers appreaching that of the tetraploidss Thus C.cochleariifolia

could contribute genes to the genewpool of Cerotundifolis without itself being

gontaminated by Ce.rotundifolia genes. Such a one-way gene traffic could increase

the variability of Cerotundifolis without affecting the purity of Cecocihleariifolis,

However, no evidence has yet beon obtained to susgest that such a process occurs

in the wild,

The Cexotundifolia plant used in my cross was a lowland plant from East

Germany. Dipleids of (.rotundifolia do, however, occur in the Alps (Bscher 1960),

and if these, like the lowland plant, are crossable with Cocochleariifolis, gene

transfer from C.rotundifolia to Cycochleariifoiis would be possible.

Despite the theoretlcal possibilities of gene exchange discussed above, the
two species wemain distinot., Hybrid inviability (in the case of the diploids)

and perhaps scological factors (in the Alps Cocochleariifolia is a scree plant

while C.rotundifolia is & meadow plant) serve to keep them apart, and massive

introgression ig unlikely.



Goschevchzers (2nz68)van@_C,ficarioidesﬂ(anéﬁ)?

Plants of these two species are more or less freely interfertile with

tetraploid British Corotundifolia. It would be very interesting to know if

they were equally interfertile with neighbouring straing of related tetraploids

@ C.rotundifolis in the case of Cyscheuchwerisand Ceasturica for Ce.ficarioides.

Ag mentioned eavlier C,filcaricides and Ceasturica are probably isolated
.z : , RIS D

ecplogically, and the same may apply to (escheuchzeri and Ge.rotvndifolia,

Cogcheuchzeri ocourring at higher altitudes, alpine specimens of C,rotundifolisa

taken from areas in which Ce.scheuchzeri is found, show no signs of introgression

with that species. These two species, therefore appear to remain distinet

I ¥ PP v
though I have no knowledge of C.gcheuchzeri in the wild to enable me tomake a
personal Judgement. This conclusion is in line with recent taxonemic thought,

and differs from the views of some earlier warkers (e.g. Turesson 1925)

who considered C.scheuchzeri to be an alpine ecodeme of C.rotundifolia,

sorotundifolia and olher members ol the series Tulgaves (C,Ziescckiana,

Cointercedeng, and C.latisepals)

Provious reports (Bcher 1966) describve Cygieseckiana (diploid and

tetraploid) and Ceintercedens (tetraploid) as belng freely cromsable with

Cgrotundifolig plants of the sams polyploid level, The results of the few

erosges I have made are in lins with these conclusions, Such interbreeding
suggests little genome differentiation. Genome analysis of interwcytodeme
crosses would, therefore, not be expected to yileld much information concerning

chromosone homologies (ef, Manton 1934 and 1937 on Biscutella, lacvieata ).

Intercytodeme crosses were however made to study their interfertility as it was
possible that gene transfer could cccuw between cytodemes in the way described

by Blelawska for C.cochleariifolia and Cerotundifolis.

In diploid z tetraploid crosses invelving & diploid Cerotundifolia plant

né progeny were obtained. When a diploid plant of C.gieseckians was used a small

number of offspring were obialned from some crosses. Little commnent cen be made
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on the significance of this result wntil the chromosome numbers of the
progeny ave known, On the other hand, it is clear that diploids aﬁd tetraploids
are only crossable with difficulty and triploids are unlikely to be of great
significance in the future evolution of the species complex. It.is possible
that in the past the creation of ftriploids {rom diploids through unreduced
ganetes was an essential step in the evolution of tetraplolds.

In the complex, triploids have only once been reported in the wild
(Kovanda 1966a), though Bielawska (1964), Gadella (1964), and Bocher (1966)
have all produced them in cultivation. It is not possible to tell whether

Gadella was dealing with (e.rvotundifolia s.s. ag he was ineluvding in Cerotuvndifolis

geveral of what Kovanda (19700) now conglderyg separate species, All his progeny

died at an early stage. Bocher was vorking with plants from Furcpe, Greenland

and America, and so presumably with Ce.rotundifolisz, Cegieseckiaona and (ginterced
but he makes ne comments on any features of the progeny.

AlY my dipleid x hexaploid crosses were unsuccessful. Although Gadella

early stage.

Like Gadella (130) I suceessfully obtained pentaploid offspring from
tetraploid x hexaploid orosses. However, all Gadella's pentaploids were pollen
gterile whereas some of mine prodvced quantities of pollen. I backerossed one
of the pentaploidg te both parents to see if there was any tendancy for the F2
generation to approach euploid chromosome numbers. If this had been the case
it could have meant that pentaploids might have mediated gene transfer between

»

tetraploidg and hexaploids in the same way that triploids could between

Ok A

Cacochleariifolia and Cerotundifolia (Bielawska 1964). ¥, chromosome nmunbers
intermediate between those of {the pavents Qere found,; so the possibility
of such gene transfer seenmg remote.

Ag hexaploids are most likely to have arigen as a result of nonereduction

or chromesome doubling in & triploid, or through nonwreduction in' e tetraploid,
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pentapleids are unlikely to have had any evolutionary significance,

Pentaploids had not been reported from the wild until they were found
on Ben Lawers (Chapter 4). As has already been mentioned (Chapter 7), the
occurrence of pentaploids in the appsrent absence of hexaploids.indicates the
former presence of hexaploids in thig locality.

Ls mentioned above, anesuploids can easily be produced by crossing
tetraploids and hexaploids with the pentaploids. & plant with 2n=88, probably
resulting from a pentaploid = hexaploid ¢ross, has been discoversd in the wild
(Chapter 4). A strange plant with 2n=74+4% reported from Pranck by Bocher
(1963) is possibly an offspring from a pentaploid =« tetraploid cress which

hag had both Corotundiflolia and C.scheuchzeri in its ancesiry.

e e

Pentaploids are probably of 1little gignificance in ewvolution, but the ease
with which they are produced may severly limit the reproductive capacity of small
hexaploid topodemes invaded hy tetraploids,; and this mey speed up the veplaccment
of hexapleoids by tetraploids.

From the few crosses madey no conclugions can be drawn on the reiationship
of the east Canadian hexaploid to British hexaploidse. Tt is interesting that
it ig as freely crossable with British tetreploids as are the British hexaplcoids,
but Little significance can be placed on this. I belicved that on receipt of
the Capadian plant I had been told that it wos tetraploid, hence it was crossed
with British teiraploids. The cross wag so successful that it was only when
the chromoscme pumber of the progeny was tested and found to be pentaploid that
the error was discovered,

The fallure ol the crosses between British hexaploids and Alaskan
Colatisepala suggests that the latter may be quite a distinet hologamodene
( #= species). Before any definite conolusions are drawn however, much more
neads to be known about North American tetraploids and the newly discovered

hexaploids.
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Code No,
48,8
11.1
6%.8
3.1
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12.i
23,7
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THE SELP«COMPATIBILITY OF NONeBRITISH PLANTS

Species
Cerotumdifolia
Ceglesenkiang
C.cochleariifolia
Ce.gleseckiansg
Cegleseckiana
Ceasturics
Ceagturica
Ceficarioides
C.acheuchzerd
Cq.intercedens
Cerotundifolia

Cegleseckiana

Celatisepals

Locallity
'East Germany
Greenland
Auatrig
Eagv Iceland
fast Toeland
Noxth Spain
North Spain
North Spain
Augtria ‘
Lake Superior
Noxth Spain

Isle Gaspé,
Canada,

Alaska

Capsules
+seed «seed
5 8
0 8
0 G
0 6
5 1
0 9
0 3
12 0
0 7
0 2
& 4
5 4
2 3

W
0
9]
0

&

oy
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66
0
0

o

86
66

31

Good Percentage
seed germination

{poor
roots)



Y
31
€9

PRCTION 12 e THE SELP«COMPATTBILITY OF NON~BRITTSH PLANTS

The selfwcompatibility ef plants from the British Isles.was discussed in
Chapter 7 so this seems to he the most appropriate point at which to discuss
the gelfwcompatibility of non-British plants. The results arve ﬁresented in
table 9.9

Considering the results obiained by other works {see Chapler 7) it was

very surprising to discover that a dipleoid Cerotundifolig from Hast Germarny

was quite highly selfscompatidle. Similarly, one of the two tetraploids from
Teeland tested wog highly selfwcompatibles

The plant of C.ficarioides from Spain was unique in produwcing aboul as

many seed as a result of selfepollination ag it did after crosswpollinatlone
Ag explained in Chapter 7, the low perceantage gemmination is misleading, as

all the seeds were fully developed and the low figure results from dormancy.

e

ALL three norne-British hexaploids were fairly selfecompatible, producing
more seed per capsule on selfing than most British hexaploids, A high
proportion of the seed of the Alaskan hexapleid were folly formed but dermant,
hence the low percentage germination. The very young seedlings resulibing
from the selfing of the Canadian hexanloid showed very pooxr development of the
radicle, This suggests that, though selfing is possible, it is not the usual
means of reproduction,

The selflwcompatibility of nonsBritigh plonts therefore parallels the
gituvation found in the British Isles; most tetraploids being selfeircompatible,
many of the hexaploids béing somewhat self=compatible, but with indications that

outworossing is the norm.
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CHAPTER 10 COMPARISON OF CoROTUMDIFOLIA TW ML BRITISH ISLES WITH FORETGN

MATKRTAL OF THIS AND HRLATED TAX

SECTION 1 e IWIRODUCTION

In the previcus four chapiers I have given a detailed zccount of the

cytelogy, morphelogy, ecology and reproductive biolegy of C.rotundifolia in

Britain. In this chapter I shall give an account of material collected
outwith the British Isles which might yleld information leading te a fuller
understanding of the specics complex in Britain and perhaps in the whole
Northern Hemisphere.

In the most recent works on the subsection Heterophylla for all aress
of the Worthern Hemisphere (Podlech9 1965, 1970, Kovanda 1970, TPFedorov 1965,
Shetler 196%, Hulten 1968, Bicher 1960, 1966}, the following are described
therein as very closely related to C,rotundifelizie

“Gepolymorpha,  Cemicsockinna, Cointorcodens,  C.laotizenals,

e ¥

Colangsdonifiana, Cepaturics, Cewiedmznrii (i.e, most of the

members of the series Vulsares)

The characters used by the above authors to distinguish between those
specles are given In table 3.5. thre there arce gaps in the table, that
particular character has not been used as a differential charsclteristic for
that species., In such cases the charazcter ls variable and much as described

for Corotundifolis. In nearly all cascs the literature frow which the information

was teken was concerned with distinpuishing between only one, rarely two, of

these specles and Ce.rotundifolia itself. Characters which distinguish the

other species from one another are rarely given.

It can be seen from the table that the charvacters are either guantative
(e.ge flower size and number), or very difficult to assess unless both
extremes are known (e.ge blunt or acule leaf tips, degree and openness of
branching)a All these species are limited to particular geographical areas
(£igald1), and it is at least open to suspicion that they may bave been

geographically defined. In many cases variants of C.roptundifolia will key
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out as of one of these species though occurring well outside the range of

that species. An example of this is the identification ol C.giessckiana ssn.

x,

groenlandica (the name used for Creenland telraploids) from Britain {see

Chapter 3) and Scandinavia (Podlech 1965). That this can give rise to an
illogical and unworkable situation is demonstrated Ly Podlech's description

of scattered individuwal lowland plants from Britain as C.ed

other berely distinguishable plants within the same area are nemed Ce.rotundifolia.
This seems to be the result of using ovary shape as the single key character
distinguishing these two species,

This chapter will take the form of a discusgion of each of the species
gtudied, beginning with the members of the series Vulgaves menticl.d atove,
hefore going on to consider species belongirgz to othor wsoriles of the

Heterophylla.

SECTION 2 « TFORBIGN MATIRIAL OF DIPLOTD ARD TUTRARPIOID C.

Iiving specimens of (erotundifolia ses. have been cobilained from jorway,

East and West Germany, Holland and Austria., Diploids and tetraploids were
found among these eollections.
Divloids

Diploids were received from D@ssau in East Germary and Murnich in VWesgl
Germany., The plants of both collections had the poniculatle inflerezcences
and small flowers described as clheracteristic of lowland continental Buropean
diploids by Bdcher (196Q)¢ Their flowers were rather droper in colour thaun
those of mostwﬁriﬁish plants,
Jetraploids

Plants grown from seed ceollected in a Norwegian woodland werse virtually
indistinguishable from certain British material, that which has rather slender, and

aeveral [lowered stems.



A collection from Wageningen, Holland, was also very similar teo some
British material, especially that from heaths in the south and east.

The only other telraploid collecitions seen came from the Austrian Alps
and the Black TForest reglon of West Germany, Though they clearly'belongcd

to Cerotundifolia me.s. they could immediately be distinguished from the bulk

of British gpecimens by thelr deeper, more purple, L{lower celour, The
inflorescences were paniculate, and the relatively emall flowers were borne
on rather thicker pedicels thon would be expected on British plants with a
gimilar flower size,

Though geme Iuropean material s unlike sny srecimen fyom Britain, thern

B
vl

sy

do not seem to be sny marked discontinuities between British ard continent
plants,

SECTION 3w (o POLYMORPTA

Although neither herbarivm material nor cultivated plants of this tazen
have been seen, & few comments are necessary as it has been moutionsd in
several placeg in this thesig,

Gepolymerpha has recently been accepited as a good specics by Pedlech (1565)

and Fedorov (1957)e Kovanda (1970c¢), however, reduces it to a wountain subspe

of Corotundifolis. Bielawska (1968) could find few dilferences between

2

Cepolymorpha and mountain plants of Cerotundifolin, and also demonstrated

total interfertility of specimens of the two sgpecies. lowever, fthoush sho
believed that C.polymorpha might be merely the end of an altitudinal cline i

Corotundilolia,she did not congider that enocugh information woa availalle on
3 ‘ wl

v

mountain Cerotundifolis to submerge C.polymorphs in Cerotundii-iia.

It can be seen from table 5.5 that the differential chavacters separating

Copolymorpha from Cerotundifolia « fewer; larger, flowers on shorter stoms - are
those characteristice which are usually characteristic of all high altilude and

high latituds populations of C.rotundifolia (cf. Laane 1968), Copolymorpha may




therefore be & polyphyletic assemblage of mountain ecodemes derived from

neilghbouring lowland (.rotundifolis populations, The practice adopted by

Kovanda (1970¢) is to recognise *peolymorpha’ plants as a subspecies of
S

Gerotundifolia, and this appears to be the most satisfaclory treatment in

‘

ouar PT‘ﬂPﬁL state of knowledge.

SECPION 4 .« TETRAPLOTDLS FROM HO:TH SPAIN,& CoASTURICA AWD C WIEDMANNIL

In noxrthern Spain the tetrsploids in the central Cantabrian Mountains
are found in the gorges and high rocky places. They are now isolated from
tetraploids of Ce.rotundifo jﬁ,by the warmer drier lowlands gwrrounding their
habitata.

The area studied was the Picog de Rurcps and the narrow strip of land
betwecn these mountainsg and the Bay of Biscoy. The plants were found
primoxily in the gorges of the Rio Deva and the Rio Cares and in the mountains
above Covadonga and los Lagoé towards Pena Santa. They appear to he more or
lesa obligotely saxicolows, ovccurring only in rock creovices, on very narrow
rock ledres, or ovccasienally among rock detritus carryine a very sparse
vegetaticn. Hven in culitivation the plants are only very weakly rhizematous,
Below about 1000m they were confined to the gorges. 1000m is the altitude

of' Los Iagos, and about the lower Ilimit of the beech (Eggus sylvatics)clond

Forest. Only above this altitude in the moister and cooler regions of the
mountading did the gﬁgggggiég_ooour in more exposed situations., The tetraploids
tims gezn to be very intolerant of competition and to be confined to cool moist
environmanto,

These tetraploids have recently been described as two new species endemic
in noxthemSpain (Podlech 1970)0

The difference between these plants and almost all - plants of

Corvotundifolia are the total glabrousmness and strong patent branching of

the nowth Spanish populations. Also, their flowers are of a deepexr, more
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viclet colour than any of the Cerotundifelia s.s. specimens seen in the wild

or in cultivation, These topodemes are sufficiently merphologically
differentiated to be distinguished by the character menticned abeve from

almost all specimens of C.rotundifolis s.s geo ALthough they are interfertile

with Ce.rotundifolia, (Chapter 9) they are sulficiently morphologically and

geographically distinet that I consider it velid to trest them as at least

ong separatbe species.
Within northern Spain there iz consideraple voriation between diflerent
v r AN . -
topodemes Plants in the more lowlend gullies (ilgebulﬂg are weall shermmed and

straggling, More upland rock ledge planls have the s:nwo guneral epponrance

which is producsd by trumpeteshaped flowers Lowne on tolv, potently tranched
stemsy but they have a more upright habit and boar all lilovoers ath about the

~

same level. A topodeme from near the suwmit ol one of i highest wmountains
(2500m) (figa5017)ywhile retaining the branchisz patievs of lower altitude
pepulations, bhad shorter stemg, much rounder tosal lervo, Bluniterwihippod stem
leaves, more hemispherical ovaries,; rounder bansed corel oo, and liratoxr
coleured flowers, This high altitude population hod coiw didstinetive
appearance, but it bore the same morphological relatli-rn-lin fo more lowland

i b I l‘ - > AY
L ) (:
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north Spanish populations that all upland Ceix

bears to lewland C.roilundifolis.

The charscters used by Podlech (leco) to distingn. . 0

Geasturice ave taller growth, fewer stems, larsor bascol JFoaves and Llowersgand

Pl S IR e

more érect calyx lebes. These I believe ¢ be fthe very flatures viich would
separate g plant grown under shady conditions frem one ;rown in stronger

light, although this requires experimental Investigation. Hoth in the wild and

urica type

oy e AR

in eultivation very small basal and transitional leaves ol the (
are bormne at the base of most flowering stems, but sn isclated non~flowering
rogette at the end of a yhizome branch of the sams plant will vsually bear

large longwstalked leaves of the C.wiedmammii typa. T thervefore consider
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Cowiedmannii and Ceasturics to be merely phenoplastodemes of the one gamodeme,

These north Spanish tetraploids very closely related to Cexotundifolia

are probably best treated as a singley dbut variable, species, and by the code
of nomenclature the corrget name is $hat of the first described specles;
Censturica. Howevery, it must be pointed out that I have not seen the type
ppecimens of these lwo species, and 1o do o would be egeential before

<

coming to any definite taxonamic conclusion.

SECTION 5 e JIWRAPLOTDRS FROM ROZTH SPALN

In addition to the tetraploids, two hexaploild plants of Cerciundifolis sl

were collected in north Spain., Unlike ithe glabrous tetraploids, they were

hairy, and in fact had the longest hairs of any specimen of the series Vi

that I have seen. The twe plants varied considerably from one another (figs,
10.1 and 10,2)¢ One (21,7.4) had stout stems, small flowers and a hemispherical
ovary, while the other {21.7.B) bove larger flowers with patent corella lobes
and & conical ovary. This latter plant was chsracterised by a peculiar
recurvature of the tip of every linear stem leaf (fig. 5.6}, a Leature not
noticed in any other plant,

The two hexaploid plants were taken from a very sparse population in an

Erica, varang w C@nista.hisnanica heath., This was a warm dry habitat on &
fairly steep hillside with a southern exposure., The soil was a shallow
rendzing, overlying limestons (pH 6.7 end 7.2)e Such a warm dry habitatb
gppears to e totally unsuitable for the tetraploids.

The ecological distixu:ﬁforlbefweeﬁ the Spanish tetraploids and
hexaploids is thus very marked, and mey well prevent hybridisation between
the coytodemes., Algo, it seems certain that, at least withiﬁ this small area,
they are distinguishable morpholoegically; the tetraploids being totally
glabrous, while the hexaploids ave covered with leong pilose hairs. There

is therefore no question of the hexsploids being assigned %o Co.asturica.



FIG. 10.1 Spanish hexaploid. Lower altitude plant with stiff

stems, small flowers, and hemispherical ovaries.

FIG. 10.2 Spanish hexaploid. Higher altitude plant with larger flower

and conical ovaries.
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.

On morphological grounds aloney they could perhaps be placed in Cerotundifolia s,

but, az will be argued in more detail later, I believe their true affinities

might lie with C.gieseckians., The major objection to this pJOpO 3al i thedir

obvious thermophily, while C,gleseckiana is an arciic plant,

«

SECTION 6 v C,oLANGSDORFFIANA

n

Gelangsdorffiang is the nage given to east Asian harebell populations.

Federov uses the greater flower number per gtem in Cerotundifclia to distinguish

between C.rotundifolis and C.langsdorffiana., However he also describas

Cepolymorvha s a separste species, distingulshing it from (0

its broader gtem leaves and appressed ealyx ftecth,

If Cepolymerpha is considered conspecific with Cerotr

FEREE SR

would be characterised by having few flowered sgtems, lineav stem leavos, and
ppreading calyx fteeth, Although all these features are very variabls in

Covotundifolia this characler combinalion is rare, few-{lowered mountaic and

arctic plants usvally having broad leaves and appressed calyx lobes.

geen any living or dried specimens of (.langsdorifiana, 1t is impossille fer me

to come to any conclusions, but it would seem possible that this specien is

1ittle more than s geographical variant of a polymorvhic circumboreal succles.

It is therefore perhapsg in much the same situation az the nonth Spanish

q

populations, which it may be texonomically expedient to recounise as ore new

4

species » despilte interfertility and a very close relationship with oiber

parts of the variable circumboreal tetrsploid cytodeme.

SECTION 7 « CoGIESECKIANA AND NATER[AL FROM GRoBNTAND,  Toor/ YR B

ASP@ IN CANADA

Gegigseckiana, is an arctic species described originally from Greenland,
It is distinguished (table 3.5) by its relatively short stcul stems each

bearirg one or a fey lerge (to 30mm) flowers and blunt somewhat spathulats
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stem leaves, There are diploid (ssp. giegeckiana) and tetraploid (r Do froenland

.m

cytodemes. The dipleid is known from Greenland, Svalbard, Mount Washington, and
presumed glacial refugis in north Norway (Kevanda 1970c, ILive and Iove 1965,
Laane 1968). The two subspecies are not always separable morpholigically
(Bocher 1960), and the tetraploid is sometimes said to remain distinct from

Corotundifolia and C,intercedens only in isolation in Greenland, intergrading

.

with more southern tetraploids elsewhere = C,roiundifolin in Scandinavian (lsane

1968, Podlech 1965, but see also Bicher 1966), and Ceintercedens in North

hmerica (BScher 1966).
The material studied in this investigation will now be discussed,
(1) Creenlond

A gingle dipleid plant has been obfained from Midternaes in southewesd

Greenland (' g0502) s all dipleid Creenlond material hzge been nemed
Cegriegeckiana ssp, miesrackians it was conside to be this mpnecies. It agrees
with descriptions of this taxon in gewnersl appearance, each stem boaring a Tew

large flowers in cultivation. However itg ovary is somewhat conical and
much lesy mavkedly heml)pharlcal than was expected from published geriptions
(table %.5).

The most remarkahle feature about this plant in comparison with Buropszan

Cerotundifolin was the large number of transitional and linear « lanceolate

leaves borne on the lower and middle parts of the Llowering stems. The

internodes are relatively wnuiform ard short, while the leaves ave relatively

uniform and long to about three guariers of the way up the stem, These

characteristics are shared by a North American tetraploid topodeme from lake
Superior and a hexaploid topodeme from the Tele Gaspé in the St. Lawrence
estuary (figc 7ell)e The Greenland plant has relabively short thick rhizomes.
In these leaf and rhizome characterisiics it fits very closely the descriptiocn

given by Lbve and Léve: (1965) of the Mount Weshington diploids, which they

identify with C.gieseckiana ssp, gieseckiana. Thelr description ruhs as followss



462

"Mhege diploids are comparatively small, usually less Than 10cm.
tall, with short, stoul rhizomes, and creeping or ascending stemsy
the hazal leaves are lew, cordaie to ovate or crenste but more
usually almost triangulsr, entire, with long somewhat hairy
petioles: ithe ecauline leaves ore linear to lanceolate, rarely
breader thon l=l.2mn, and reduced in gize only just bhelow the
Floverst (my underlining). ' ' '

e oy

In European plantg this character combination has only been noticed in soume
of the hexanloids (see Chaptex 5)0 In most European plants the inlermodes
tend to become progressively longer and the leaves progressively shorter and
more bract~like at a much lower level on the flowering stems,

" As cheraclters such as those discussed above are subject to great
envirvoenmental variation, differences may show up clearly only in cultivated

plants,

(i1) Leel
In Icelard the havebell presents interesting taxonomic and distributional

problems,  Hovanda (1970c) refers to the presence of Chmiescckisma in Iceland,

but guestions the eccurrence of C.rotundifolis, posing the taxonowmlce problems

The preblem of the distribution is why it should be go rare over most of the
country while it is so comvon in the east » total absence outside the east
woeuld he mach more easily explained,

Fnvrholosy
(e vie sl it e e

Morpuolopically the JTeelandisharsbells are very gimilar to British mountain

tat

s

apleidne They have & few largs flowers borne on relatively stout stems,.
A1l aspecimens seon have their leaves and the lower paits ol their stems covered
in the minute pilose hairs typical of most harebells. Ne glabrous individusls
were found,

Many plants had the very distinct hemispherical ovaries typical of
Copiesockinny, No'ﬁoFKMﬂame however consigted entirely of such individuals.

Some plants in eVer'topcnjenuahad the conical ovariesg which taper into the

pedicel, tyvical of C,rvotundifolia. This suggests that ovary shape may be

under fairly simple genetic control, and is therefore a poor diagnositc characteor.




AllL the JTecelandic plants examined were btetraploid.

Thus morphological features alone might suggest that lcelandic
topodemes are a mixture of both species with intermediaics. This however
would be a most unsatisfactory conclusion as field cobservations lead ne to
believe that»&ll Icelandic plants are likely to belong to the oné hologamodemao,
intratopodome variation being as great as interiopodeme varilation,

Digtribution

prath . e e e R T

[ o

The peculiar feature about the distribution of the harebell in lceland
is its rarity throughout most of the country while belns so comren in the eust
and north (CGrontved 1942). If it were presenl only in tlhe east ihe disivibaiion
could perhaps he inteypreted as ‘the result of an inability to oprend acress

t T My nn e fa
G LOSSL TR

geographical barriera. However, it does occur in widely scatltereld
throughout the country from which it seems to bhe incapable of sprioding,

If the harebell were native only in east end north Teeland, ii could ho

a relatively recent newcomer from Scandinsvia or the Lritish Islcoe In this
it might be similar to Trientalis curcpea and Alchemiilo Cwhich arne

confined to cast Tceland and only otherwise occur in Lurope, UYnune gpecies
are sbsent from Greenland and North America.
¥ consider 1t very unlikely that the Icelandic havevell has coame from Lio

British Isles, as the north-western areas of the British Isles reawest to

<

Teeland are inhabited by hexapleids (2n=202), while the Icelandic vianis axv
tetraploid (2h=68). They could yerhaps bave come from Szandinavic,vhich is
inbabited by tetraploids,via the North Atlenticlsnd bridge (Roehoe 1560).
If this interpretation {(i.ee. native only in east and north) were ccrrect, ta:
scattered localities outside east and north Tceland could not be considered ns
relict’éopocﬁgnw95. Instead they would be seen a§ introductions, brought about
gither through the agency of man, or such seed-esiing birds as the snow bunting
which migrate over long distances. However, the introduction of a single, seliw

sterile, genotype (most tetraploids are totally gell=gterile) would not allow
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sny spread by seed from an original introduction site % and introductions by
man or birds would most frequently be of single individuals.

The existence at Gilsbakki (an isolated locality in westAIceland) of
three‘ﬁopodenwes separated by several hundred metres therefore argues
againgt this above interpretation and in favour of at least ﬁhia:topodevne
being relict, |

Outside ocast énd north Iceland the harebell only oacurs in scattered
localities and only in the lowlands., Binarsson (perse.comm.) has suggested
that many of guch occurrences are probably intreductions, and 1t is truwe that
the harebell is Irequently cultived in gardens in Reykjavik. Jengsan
(Director, Botanlcal Cardens, Reykjavik, pers.comm,) reports that many people
moving from the east to other parts of Icelund frequerntly take with them
native plants of the harebell for their new gardens. However, Jénsson
vonsiders a plant growing in the Reykjavik Botenic G&rdensloriginating from
Dyrafjordur in the northewest Peninsula to be from a native locality.

As mentioned above; I also consider a specimen collected at CGilsbakki,
néar Husalsell, té be native. It grew on a streamwbank in native vegetation
in an improved yasture in which the improvement had probably been confined
to fertilization., In the same area the harebell was reported (Magnusson -
farmer of Gilsbaklci, pers.comm.) %0 have been seen within the last ten years
in a river govge and in an area of birch woodland. The bhirch wood locality
was not vigited, but in the gorge site no harebell plants were found., No harebell
was seen in cultivation on any of the farms in the area. Indeed the only
introduced plants grown were usually shelter belt trees and imported grass
sead for pasture improvement. Although it is true that such imported seed might
inelude the harebell as a contaminant, the three sites in which the species had
been seen were not in pasture. This suggests thatl they were native occurrences.

Most of the mcattersd localities are represented by flowering specimens in

the Reykjavik Herbarium. Howevery, if the Gilebakki locality is at all typical,
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many of these populationg may be very small, At Gilsbakkd flowering hag not
been noticed in any of the three sites for several years, and the ohly plant
found was growlng rather poorly on a sirsam-side, vock ledge. It bore several
flowering stems with very small buds, which ave unlirsly to have had time to

s

develop to flowers, let alone sced, in 1971. As 1971 was the besb summer in
Iceland for ten years, it is probable that the harcebell has not flowered in this
locality for many years. Thug, these wory sazll soubtered populations ma,
often be in unfaveurable habitats, and rorely predu.e seed. They are also
Likely %o be inbred and therefore genetically weal, and thus be incapable of
spreading even thouzh the ch,w te is sultables, I such a popuilation were reduced
to & single genotype, as way have happennd at Giluio:ki, subsequsnt spread by
seed iz likely to be impoessible as the teitrupleid orindeme ds usually
gelfwgterila,

Liove and Love (1956) have concluded that Jeel v wag Joined by land bridies

1

Lo - . .
the Jast (Kowm or Ipswichian

T

to Burope (Britain and Scandinovia) and Creenland i)
interglacial, but has been igolabted ever since. .7 wapgent thnl some specics
hove survived in coastal nunataks since the Pliccony and that virtuelly all the

last (Bew or Ijiwichiah) intere

w0
9
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=
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s

natlve Tlors has survived in sueh szituation

glaclal, o . . N L. L
If this interpretation is correct, I consider 11 noab likoly that the

Teelandic harebell arrived from Scandinavis or Groolland no Jater then the last

interglacial. Tt must thercfore have survived the =i recent (Welchseliun)

3
=
P
=
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glaciation in refugla, primarily in the casct and »

terpretation the

since spread to a limited extent. According to 1.1
seattered localitics throughout all parts of Leels:” ewcept the coagt and norih,
could be the result of both periglacial suvvival £l recent intreduction, pe?haps
by both birds and man. It does not seem reasomable to pogtulate o posbe=glacial
expansion over the whole country followed by massive sxitinetion.

Climatically the east and the novthern Kyjafjdriur area are not unique,

The growing seéason is relatively long {an important attribute in congidering a
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late {lowering species such as the harebell), but shorter than in the mouth

and gsouthwwest, Also the harebell grows and seeds very successfully in
pultivation in Reykjavik in the southewest, and there is no obvious reason
why it should not spread from its isolated localities in this sres.

The east and the Hyjafjdrdur ares arve however geologlcally comparatively
0ldy being composed of Tertiary basalits. Both aress have high mounbains rising
steeply from fjords. This hag bedn described by Dahl (1946) a5 the ideal
situation for peri~glacisl survival because the coastal slopes of the mouninina
ars protected from the inland lce. The south and southewest are, in conirost,
very young geologically, and relatively flat.

Only a very few species (co.ge Triontalis euronca and Saxilro

are common in the east and almost totally sbsent elsewhore. 0On ine oiher

hangd there are ssveral species (euge Carex glacizlis) which are coalined b hac

mountaing round Byjaljdrdur and the eastein £30rds . Yet others Ceege i

atricta, and Phyllodoce caerulea) sre wholly confined to the Wyjafjidrdur arca,.

Thus a considerable number of species have beeﬁ able to survive in Iceland ornlr
in these two aress, Hereg-not only are geomorphelogical conditions favovralle
for periglacial survival, but also, the steep, stepped (as they are compossd

of successive lave flows) mountaing rising directly from the sez to ice ca.ned
sumnits provide é wide range of bhabitats very close to one another. Bxtersive
popplations of havebells have therefore probably been able to survive only in
these tweo areas since the last interglacial.

The above discussion gtill leaves unsettled the question of whether

Teelandic plantg should be referred to C.gieseckiana sap. groenlondica or

Corntundifolia. If, ag suggested above, Icelandic harebells sre derived from

past Greenland or northern Scandinavian fopodemes , the answer should perhaps
$ P J

be C,gieseckiana ssp. groenlandica. This would be presuning that, before the

AR L
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Postglacial (Holozdn on Flandrian}, northern Scandinavia was occeupied by

Coeieseckiona (only this species occurs in Greenland ﬁoday)u_
Trom other dsata it has been concluded that up to the end of the last
glaciation arctic aveas wers occupied by diploid and tetraploid cytodemes

of Cogieseckiana. The extent of such topodemes is indicated by the presence

of diplolds today on Mount Washington, in Greenland, Svalbard, and arctic

Worwayo. At that time CG.Potundifolie iz believed to have been confined to
continental areas of central Burope.

Ag the dipleid sepe gicgockisra is oo widely distributed in aretic areas

3

today . it is almost certain that gov, sicpockionna, and probably the tetravloeid

sgne croenlandica az well, wore contivucusly distributed over the Narth

Atlantic land bridge, It in therefore porhaps rather surprising that the

diploid gsp. gicneckisns has wol been found in Teslarnd, which has plenty of

fellficld habitats suitable for such an pretic ppecles. On the other hand,
leeland lacks the high arcilins refugis such as are present in Greenland ard
Svalbard, and so the diploid may huve become extinet in Icelond during a
mild pericd in the posl=glocial or ihe lazt inberglacisle, Tt is, however,
possible that diploids may yet be fouvrd in Teelsnd; and they are most likely
to occur in the hills surrounding Eyjaoflidrdur., This area is the refuge of
most of Teelandts high aretic gpecics.

Ividence which sﬁggeats that the Icelandic harebells came from Scandinavia
rather than Greenland is the fact ihat nany Ieelandic piants have deep mauve
ﬁollen similar to that of wony Buropccn plants. Bocher (1960) describes
all Greenland plants as having cream coloured pollen.

o Conada,

(iii) Isle Ganoh, St. lavrence esh

A living plant and a sccd sample collected on the Isle Gaspd were
available for study. The Caspé peninsvla is a well known locality for archic

relic plants, the Isle Gaspé being the only site in the area where Campanula

vniflera is %o be found (Shetler 1963), The C.rotvndifolia plants collected
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vere hexaploid and very striking in eppearance (figs. T.11). The leaf

t‘ﬂ

arrangement on the flowering stems is similar to that cescribed for the

single Greenland specimen, only the condition is more exlreme in the Gaspd
materials The stems bear a few large flowsrs wiin hemisp nerical  cvaries,
Like the seawcliff hexapleids from the West of Scotland (1.6), it produces
no far creeping rhizomes, It thus forms o clucicr of shoots, giving a tufted

appearance, On morphological grounds this topsiens c¢lesrly belongs Lo

C,mieseckiana.

Digcussion of Ce.giegeckiana

The cowmplicated interrelationship between (crotundi:

LIRS

diseussed by various authors (BScher 1960, 1966, Idve and Live 19453
Laane 1968) has been further complicated by sons of the 1w facts which have
come to light in this study.

Although the dipleids of the o species ave quite disgtinet, within each
ppecies the diplold and tetraploid cytedemes curnol be dintinguinhed

wble that

morphologically in every case. Also the tetrapleids are o v
there daeno absolute morphological disconbimiitien belwezn the two species ot
this level. .

Bven though it may bo impossible to dlstinsuish thew movuphologically

- el -
dorenkiang,

in every case, it seems useful to Feitsin the nuwie C.roier -l

for Greenlandic and other arvctic diploids. The Greenlars {a

rekiana cor be named (aoicneckintgng esp,

are p?eﬁumabbw derived from 88Pe gio

rroenlandica. Thig name, however, should net ke ured for oy Burovean

(excluding Tcelandic) tetraploids in whose orvigin dipleidn other than

~,pﬁgi geckisng have almost certaln]y played & parts I corsider this to he

the most useful and logical practice, for thouznh some BEuroreon tetraploids may

be almoat indistingvishable from san. ¢reoenlandica, they avre probably derived
8 L2y

from a Huropean hybrld swarm between tetraploids of the two species, not
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directly from Greenland tetraploids,
North American tetraploids may have been derived from the same source as

the Greenland plants but some, particularly southern populations, have diverged

s0 markedly (Shetler 1966) that to include them in C,gleseckians seem$
inappropriate,
To achieve consistency it therefore seems best to confine the use of

C.gicaeckiana csp egroenlandica to tetraploids from Greenland, and Iceland,

Western Furvopean relic hexaplold populations, and especially the single

9
known Bastern North American hexaploid population, I believe to be derived

from C,.gieseckiana. At least the American and British, if not the French and

Spanish, populations might be described as a new subspecies of C,gieseckiana

- perhaps as three new subspecies., Such a practice seems valid and useful
in evolutionary terms, It would, however, give rise to difficultics in
herbarium taxonomy because of the lack of good qualifalive characters to

diglinguish the British hexaploids from tetraploid C,rotundifolia,

SICTION 8 - C,INTERCEDENS AND PLAKTS FROM NEWFOUNDLAND AND THIN SHORES OF

LAKE SUPERIOR,

In the same way that C,rotundifolia is frequently used to describe most

Turopean harebells, G.inleorcedeng is used in North America (Bscher 1966),

Newfloundland
Four plants were obtained from the north east coast of Newfoundland,
The one specimen counted proved to be tetraploid, In appearance they were

virtually indistinguishable from European tetraploid C,rotundifolia, though in

their rather long stem leaves they resembled other American ccllections and
the Greenland plant,

Lake Superior

A seed sample from a topodeme on the shores of Lake Superior gave rise to

telraploid plants, These showed a similar leaf arrangement to thatf
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described for the Greenland diploid and the Isle Gaspé hexaploids Otherwise

these plants were very similar to Buropean Cerotundifolia.

Pollowing Bocher (1966) all eastern Morth American, and probably all

Borth American, tetraploid harebells would be referred to Cgintercedens,

although hexaploids asg well as diploids from the cast should be referred to

" o~ 4 . -
Cociegecklana,
5 o W o A P A R S A

Tetraploids from areas near Greenland are virtually identical to

Ceopioseekians S9N groenlandicas, Also, morpholigical similarities (flowers
concentrated towards the top of the stems) might lead one to believe that,
at least in the easi, the more southern populations have been derived
solely from northern plants. Thus all east North American plants could be

regarded ag belonging Lo C.sieseckiana.

However ay the tetraploids show & much greater range of variation than
the other two cytodemes, other, as yel undescribed, entilties may have been
inwvolved in their crigine The situation would then be similser to that found

in Furope. The use of the name Ce.ivlercedens for Worth American tetraploid

harebells would seom to be & useful practice $ill the evolutionary relationships

heve been more thoroughly worked out.

‘;,:,é'f; (fié’;ﬁ‘ﬁoS)

ultén (1968) quotes Shetler as stating that as one moves further west
along the Pacific coast of Alaska the harebelle becomeé much mwmore lax in habit,
eventually being decumbent to pendant, with broadly lanceoclate to ovate
sten leaves and large flowers. Shetler therefore interprets the situation as
" a cline, leading o an extreme variant which Hultén has named

Colatisepala, ALL the plants which had been examined are reported to have

been tetrapleid.
Gadella (1964) reporbs a hexaploid count from a seed sample collected by

liwltén in Alaska. Gadella's plants of this sample behaved differentiy from
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all his other collections in not flowering in their first year, s@(he pagsed

no comment on their identlty beyond stating that they belonged to C.rotundifolis

5.1 or a related mpecles., Kovanda (1970} without quoting the source of his

information, mentions the presence of hewxaploid (C.heterodoxa Vest. in Alaska.

This taxen seems to have been aceepted as more or less gynonymous with

C.latisepals by Bocher (1960), so it is possible thal Kevanda may be guoting
Gadella's count..

Like Gadella, I have obtained seed collected in the wild in Alaska by
Tultén which has proved to be hexaploid. As the seed sample is labelled "GQY
it wag probably collected in 1960, and may be part of the same collection as
that reported on by Gadella in 1964. My plants possess all the exireme

features of Cclotisepala, and are guite uvnlike any of the other specieg ov

variants of the complex that I have geen,

It may therefore be tentatively suggested that the most extreme hexaploid
variations of the complex in Alaska could be referred to (clatisepala, though
whethor guch plants are slways distinguishable from tetrapleids in the same
area will have vo be resolved ﬁy further gtudy. It i intereslting to note
that the gituation in Alasksa may parallel that in Britain -« the most extreme

variants beilng hexaploid, but being approsched in appesrance by the tetraploids

in the areas where the two cylbodemess meet.

SECTION 9. e« NOTES ON SPECINS. OF THb SUBSHCYION HEtaROPRYLLA VWiIT1CH BELOYG 7O

SERIES OQTHER THAN THE VULGARIS

Specimeng of several species of the sestion Heterophylla belonging to

series other than the Vulgares were obtained for comparison with C,yrotundifolia.

The species studied were the diploids C.cochlearifolia and C.mairei, and the

tetraploids (escheuchzeri and (,ficarioides. Unlike the species discussed in

the lmgt chapter, the above few upecies seem to be usually guite distinct and

rarely confused with G,rotundifolia s.s. However, intermediates between
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€.scheuchzeri and Cerotundifolia .. are said to occur (Bdcher 1963, Cadella

1964,p.97, Podlech 106)90.01),@nd the two species certainly hybridise easily

(Chapter 9} Gene transfer from diploid Cecochleariifolia to tetraploid

Cerotundifolia has been demonstrated experimentally hy on]<wzk3 (1964), but

there is no evidence that this occurs in the wild.

I have shown that, in cultivationy Ce.cochleariifolia hag limited

interfertility with diploid Cerotundifolia and that tetrvaploid (.13

and Gescheuchzeri are frce1v crogsgble with tetrapleid C.roltundils

Despite this; it would geem from the literature that these specics are uvsuelly

guite distinct. On the other hand If hybrids do occur, they mey bz 5o

gimilar to C.rotundifolia that they have escaped detection,

Cocochlesriifolia (2n=34) (fig.%.1)

After diplioid Cerotundifolia, Cecochlearifolia is the most wideoplond

dipleld of the subsection Heterophylla. It occurs on the main mounizin 1z 05

of Central Buvepe but is absent from Greece, Scandinavias and Greati [ritain, 17

is mald to be a highly polymorphic species (Cadella 1964),
In the herbariuwm of the Royal Botamnic Gardensg in Edinburgh tic.o is an

undated specimen of (.cochleariifolia {confirmed by D. Podloch) Trea Belford,

Northumberland, from the Terres Herbarium. ‘This is, hovever, unacceptable oo

a native rvecord as the site is lowland, and C.cochleariifolis is froguentily

'

grown in gardens and could easily have hecome naturaliscd. Deing & strict

alpine, rather than an srcticewalpine, it is reletively unlikely 1o be found

0,

. o .
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native in Britain, On the other hand such alpines as

Homogyne alnina have reached Britain but are absent from the arclic,

CGocochleariifolia is a member of the series Alpicolae. The [lowsr buds

are pendant, the petiole margine ciliate, and the persistent sharply dentate
rosette leaves have & glossy lightwgreen colour which gives the species a

characteristic appearance (fig.3.1). This gpecies is thus distinguished from

Corotundifolia, and most other species, by several qualltative characters,
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The single Py diploid hybrid, C.rotundifolia (2x) X Cecochleariifolia,

which survived was intermediate in morphology. Howaver it was gufficiently

similar to Cerotundifolis that it would probably be included in that species

if it were discovered in the wild and its origin were wunknown, though the
flover buds were ncedding (figq 10.3)e Thus introgression is theoretically
poasible (Bielawska 1964), though no intermediate wild speciméns have been seen,
even from areas whexe the two specles are sympatric;

Comairei (2n=34} (fige3.4)

Gemairel is s speciew endemio to the High Atlas mountains in North Africa,
Herbariuva specimens of thisg species bearing ripe capsules were collected from
beside ilrrigation ditches at about 2,100m (7000£4) en the siopes of'Toubkal
by an expedition from the University of Newcastle in the swummer of 1971,

Toubkal (4168m) is the highest peak in the Atlas Mountains. The specimens

agreed most closely with Quezel's (1954) var.ailantica Torma elata, having

inflerescences about 25cm high, usvally one, rarely two or three, flowers per
ghemy, and flowers about 12mm long,

Comaired is described as being very variable, but is characterised by being
gtononiferous,; strongly heterophyllous, and having erect capsules which open by
pores in their upper halves. Its systematic position has been much disputed,
for though strongly resembling the Cerotundifolis group (susect Heterophylla)
in general appearsnceg iis capsuleés dehigee apically = a key character of the
section Rapunculug,

Quézel (l.c) records how Cemairei was firat described in 1921 as the var.

atlantica of Coherminii, & south Iberian species which is more or less isophyllous,
has capsules opening by basal pores, and 2n=3%2, De Candolle placed .herminii

close to C.rapunculus, but Cabellero, considered that its true affinities lay

with Cerotundifoliay and Qubzel psupports this assertion.




FIG. 10.3 Diploid offspring of cross between diploid

C.rotundifolia and C.cochleariifolia.



Because of thHe apical dechiscence of the capsules and his count of

3

2nulb, Qubzel places Gemaired in the section Rapunculus, and suggests that
L 2GRLNCULUS

Its affinivies are with the Cepevsicifolia~Cocarpatica group of species,

.

Thug, despite a remavkably close morphological resemblance to Ceherminnii and

Cerotondifiolia, which he atiributes to convorgence, Quézel concludes that

Cemaireil is only disiantly related t¢ these two species,
Gadells (1964) demonstrates that the use of the key characters of
onition of copsule dehiscence and presence or absence of calyx appendases
esults in en vrnatursl classiflication,

He thus separates Cepercinifolin (20=16, long chromosomes) from

Cecarpaticn (Zn=34, short chrousso.os), though both species have apical

dehiscence. CeuvorcisiTolia he ploces dn his Group T (table 3.4) (x«8, long

chromosome 3)n Cecarvatica is put in Group VII (Y* 5 LT and short chromosones

AL D Y GO 2N b 3+ e

avd shord chromosomes puch as Coberminii and

v

bult ineluding specles with 2o

Codmophylla whose chrowosome nurhor ig presumed to have asrisen by the loss of

poie

Lomaired iz placed in Croup T with Cenerc

[P vesP b

o

largely on the basis of Quézel's count of 2n=16,

On se: mediately stouck by ite close resemblence to

womatevial proved to huve 2ns=34, which is at variance with

Quézelfs count, and reopens‘thc cucztion of its systematlic position. This is
especially so since Gaiella (1904) believes chromogome mumbers and size to be
two of the most reliable indicelOrs of relationship within the genus Campanvloe
As Cemairei is a very variable species, 1t is guite likely that it might vary
cytologically as welle. Lowsever, il C.mairei were proven to possess cytodemes
with 2nM16 and 2n=34, it would be quite unicue in the genug Campanula in which
virtually the only type of intraspecific cytological variation known is -
polyploidy (Gadella 1964). There is a single recorded excepiion from the wild
(Bdcher 1963), These however are known or presumed inter-cytodeme hybrids (sece

t

also chapter 9).
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Thig gytological observation might of course call inlto question my

identification of the material raeceived as (.meirei. Howevery the material

PRt

keys ouwlt wnequivocally asg Q&gﬂ,‘;@re& and agreeg pevfectly with the desceription

given, The only other helerophylleuns North African Campanula species,

Co Juriurensis 2n=102 and C.hispanica 2n=%4, 68, are well recosnised membsrs of
. J £ ¢ B s varie i ae pvitese) @ ¢

the subsection Helerophylla and have capsules which dehlsce basally, I
therefore believe my identification to be scourate and Quérel's chromosome
count doubtful, If Quézelfs count is correct it might alternatively sussest
that Ce.mairei is heterogeneous and consists of two distinet entities which
have not yet been distinguished.

In the light of these new observations 1%t would seem that the only
objection to clagsifying Cemairel in the section lleterophylla, where it
would appear lo belong on general morpholegical grounds, is the apical
dehiscence of the capsules. Kovanda (1970&) degcribes how some of the most
primitive diploid members of the series Saxicolae of the Section Heterophylla
have erect capsules with basal dehiscencey such thalt the seeds simply fall out
of the capsulcs on ripening. ALl other members of the Heterophylla have
inverted capsules such that the seed cammot fall out unless the capsule is
disturbed. '

In the evolution of (emairei, which has erect capsules, it could be
that apical dehiscence has been selected, whereas in all other advanced menbers
o£ the heterophylla the pendant capsule hap been selected as the means of
improved efficlency of seed dispersal. There is no a priori reason why
ginilarity in two species in the position of dehiscence of the capsule should
be more indicative of evolutionary relationship than the stance of the mature
capsule, Indeed, Gadella (1964) has shown that the use of such key characters
in the genus Campanula results in an wnnatural classification. I therefore

sub
believe that C.mairvei should be placed in theAsection Heterophyllay but am
sub

inadequately acquainted with the species of the&seotion to comment on its

relationghip with individual species.
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Loscheuchzerdy (2n=68, 102) {fige3.1). (Only tetraploids seen)

Like Cscochleanifolia, telraploid Cyscheuchzeri occurs as all the main

mountain ranges of Central Burope. Apart from tetraploid C,rotundifolia

and doubtfully distinct apecies 1% is the wmost widely distributed of the
tetraploids.

Ceschetichgord is a member of the geries Lanceolatae defined by Podlech

and Kovanda ag having nodding buds; ciliate leaf bases, and thickened rootis,
L2 ¢ &

Coscheuchzeri however lacks fthickened roots., It is nevertheless guite distinct

from Corotundifolia (series Vulgares) in its nodding buds and ciliate leal

hages, Austrian specimens cultivated at Glasgow alse differed from all the

cultivated material of C.rotundifolia in general appearence (fige3.1)e The

individual components giving rise to this were:B
l) Shortly creeping rhizomes resuliing in a tufted
erect plants '
2) Very dark green follagss.
3) Very wide sinuses at the leafwpetiole junctions

4) Short, few=flowered gtems with strong dominance
" of the leading flowers;

. 5) Deep violet blue flowers.

I therefore helieve typical Cyscheuchreri to be a species quile distinct

from Cerotundifolia. WNone of the specimens of C.rotundifolia {rom areas in

which Co.scheuchzerd grew showed any signe of introgression with that species,

though there ig a high degree of interfertility between them (see Chapter 9).

Fl hybrids between the tetraplold cytodemes are intermediate between the parent

species, but have erect buds, showing dominance of the C.roftundifolin character.
They sre wvigorousy with no oﬁvioug hybrid weakness, and pollen fertile, so
it would ssem that introgresslion beilween the two species ig theoretically
possiblemb However, it may well be that there ie ecological selection for
the pure specles, |

Bielawsks (1968) concludes that introgression has occurred in the Tatra
mountaing, but the Tatra plants have recently been referred to a separate

gpecies C.gelida (Kovanda 1968).



Coficarioldes (2n=68, 102) (fig.3.3) (Only tetraploid specimens seen)

Goficarioides is usually described ag being very clesely related fo

Cegcheuchzeri, from which it differs primerily in the presence of thickened

roots (Podleah 1965, Kovanda 1970¢)e It has previously been known only ag
& bhexaploid endemic from the Pyremses, though the specimens al present in
cultivation at Newcastle are tetraploids from the Picos de Burcpa voepion of
fhe central Cantabrians in north Spain. The details of the habitat in which
the plants were found are given in table 1041,

As well as having thickened roots, these plants differed fyom the

cultivated specimens of C.scheuchzeri in having very long rhiznmes anl lyege

nombers of elliptic trensitional leaves on the flowering slous. Wnis species

thus scems to be quite distinct from both Coyoturiiinlis and O.2-h et
though it is freely crossable with C,rotundifolic {00 Chavtcr 9),
gonieTy o

Thus Cecochleariifolin, C.scheuchreri and C,17

Heterophylla, are guite distinet from C,: Though they @y foon

shown to be freely intercrossable with C.rotundiloiis in cultivation, it is

doubtiul if mueh hybridization occurs in the wild.

The dipleid Cecochleariifolia isg isolated from dipledd Corotunasl

EANGEE R

the weakness of the hybrids (Stebbins 1958}, from tetraploid C,ooiniidti,

it is isolated by ploidy level, which may only be breached in the dizsooies

diploid Cecochleariifolia to tetrapleid Cerotundifolia. Teiraploid (.o v

indicate closer relstionships or could be solely a consequonce of the (raoher

Ay

Intercrossability usually shown gt higher ploidy levels.

The other species investigated, C.mairei, has never previcusly bLsan placed

in the ﬁetercphyllag with which I believe its stronsest affinities lie, 1Lt

differs from all other species of this subseotion in possessing capsules which

dehisce by apéemm) values.

L




TABLE 10,1,  HABITAT OF C,FICARTOTDES 2n«68 COLLECTED IN NORTH SPATN

Habitats Very dry, crumblingy vertically bedded ghale on exposed
hillock at summit of pass. Very open vegetation.

Surrounding vegetation: IErica vagans heath on deeper scil, Surothamnug
Beoparius sorub with Agphodelus in o sheltered gully.,

docalltys  Peurta St. Glorioy south west of Potes, Oviedo, North Spain.
Altitudes  1500m {5000£4}

poll deseriptiont peHe 5.4, ommbling shale,

Assoaiated gpeciegs

Fegtuca rubrs, Taraxacum officinalis agg.
Rumex scetosella Teesdaliopsis econferts
Sedwn brevifolium

Notem: An extremely dry exposed mountain habitat shared with other

glowwgrowing alpines.
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Another Little known species whiah may bear a somewhat similap.relationship
to the Heterophylla is gﬁgggggig an endemic specles in the Rocky Mountains in
North America. It toos like Cemalrei; has erect capsules with apical
dehiscence. Love and Love (1965) comment that it might have been involved in
the origin of Nerth Americen harebells, I think this unlikely as all these

bear a very close relationship to Cyrotuvndifolia, and Cevarryl seems to be a

rather distinct speciese

SECTION 10 w= CONCLUSIONS

The mtudy of non=British material of C,rotundifolins and related specics,

together with the acoounts of other workers, has given a much more complete
pilcture of the complex than study of British plants in ismolation,
Morphologically and in their geographical distribution the diploid

cytodemes of C.rotundifolis and C.micseckiana are quite distinet entities,

In the areas where the dipleids occury primarily central continental
Burope and Greenland respectively, the related tetraploids ave viriuaslly
indistinguishable from the diploids. Northern areas of Hurope, and perhaps
Asia, are colonised by tetraploids of Intermediate moxrphology, and in North

America there appear to be ne discontimuities hetween typical C,giescchiizng

in the north ¢ast and markedly different morve southerly and westerly plants

referred to C.intercedens, North Spanish tetraploids seem to be separable
ag & single distinct species.
Hexaploids from the British Isles and eastern Canada, though the former

are highly variable, are very close to C.gieseckiana. Other hexaploids from

Spain, and perhaps from France, are somewhat similar. The Alaskan hexaploid
is rather different and should perhaps be referred to another species.
Wild ecollected material of series other than the Vulgares is distinct

from Gorotundifolia ss,




It is believed that Cemairel, a species endemic to the Atlas Mountains
in North Africay is very closely related to the cubsection letevophyila although
it differs from all other specles of the Heteropnylla in possesging capsules

with gpical dehiscence,
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CHAPTER 11, REVIR_OF THR GEOGRAPHICAL BVOLUTIONARY RELATIONSHIPS

OF Thm CAMPANULA ROTDUNDIFOLIA SPUOLES GROUP

SECTION 1 - TNTRODUCTION

In this concluding chapter T shall commence by veviewing the information
ra

. o7 , .o e o .
available on British meterial the Ce.rotundifolia complex, indicating the

l

areas in which further study would be most prefitable. The second and

major section of the chapter will deal with the cytogeography of Cyrotundifclis
and its elosest allies throughout the Northern Hemisphere, In the third

and final secovion parsllels will be drawn between this complex and other
comparable spociles complexes, and indications will be given as to which areas
would repay fuvther gtudy.

SHOTION 2 e SUMMARy OF CYTOTAXOWOMIC DATA ON BRIVISH C.ROTUNDINCLTA

[

In the British Ieles two cytodemes are widespread, hexaploids occurring
primarily in western aad northern ccastal areas, and tetraploids occupying

most of the rest of the country. A few specimens of both cytodemes have been

sghown to possess Bechromosomes. Two pentapleid plants have been discovered
on Ben ILawers, and an aneuploid has been found in Glendaxuel in Axrgyll near
o small hexaploid topodems which is surrouanded by tetraploids. The meiosis and
breeding potential of these pentaploids and aneuvploids requilre further study.
Most tetraploids appear to be totally selfwincompatible, although two
somevhal seolfwcompatible plants have been found. Most hexaploids, on the
other hand, seem to have 8 limited degree of selfwcompatibiliity. A survey
af the breeding behaviour of a large number of genotypes from a range of
habitats would be a mosi interestiing project.
Specimens of the two cytodemes cannot always be distinguished morphologically

and both are highly variable. Much of this variation is ecotypic, and
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gharacteristic scogenodemss ccour in particular habitats. The short stilfl
exposed cliff variants are particularly striking, though there are alse
marked morphological differences which appear to be correlated with latitudes
and altitude. Much further work ig required to gain a fuller understanding
ef this mopphological genecological differentiation. Cultivation‘experiments
to invesligate the physiolegical genecological dlLforon tation with respect
to suceh factors as temperature, soil pH, and daylength would alsc yield
intereating f.uulLu’

The lack of characters which ecould distinguish between the two cytodemes
svgeests that taxonomically they should bhoth be reforred té the one svecies

Corotundifolia. However many, but net all, hexaploids have & very distinctive

sppearance very close, if not ildentical, to that of Co-iesechiana

Having summarised variation patierns in British Uerobwndiflolia I shall

now turn to an examination of Cerotundifolis and closely allied taxa in the

Northern Homisphore, with special attention heing paild to Burope and Groenland.

BLECTTON 3w CYTOCEGIRAPHY OF C,ROTUNDIFOLIA ALY s CLOS S ALY &
Tige 11el shows the world distribution of o Corotumdifol ia

and closely velated allopatric species (Cegics seckiona, O.intercedens,

Colatisenaly Celangsdorffinna)l,

)

s e B . - -

As thipg stwdy bas primarily been concerned with (.rotundifolis and the

very closely related C.gieseckiana the discussion from new on will be primerily

concerned with these two taxa, beginning with the relationship between the

eytodemes,
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As mentioned eariier, diploids cceur primarily in areas presumed to bhave
remained unglaciated during the Pleistocene. There seems to be a fair measurs
of agreement that the dipleids fall iﬁto two categories (Bbcher 19609'L6ve

and Lve 1965). Firstly therve are the arctic dipleids which are usually

named C.gileseckiana ssp. gleseckiana with headguarters in Greenland and outwosiy

on Mount Washington {L8ve and Live 1965}, Spitzbergen (Mlovik 1940), Nortbern
Norway (Ilane 1968), and perhaps Worthern Russia (Gadelia 1964). Sscondly,

3

there are diploids with a move southern continental distribution usually

referred to the dipleid cytedeme of Ce.rotundifolia ss. These are found largely

in central Burope, that ié in aveas which were between the Arctilc and Alpine

ica sheots. Judging from the published dé.criphtiong thege two dlvlold

entities appear te be quite distinet, and the few apecinens I have cultivated
(figee 3.2, 5.7) seem to confirm this, They are however interfertile (Récher 1986;
Chapter 9) and so presumably closely relsied. ‘

Az they both show disjunct distribution patterns it ecan be deduced thzath

they are the romnants of {twe much more widespread populaticns, one in nowtiern
retic regions and the obther in gouthern continental arcas. It is possible that
a single preeglacial clrcumboreal taexon was split by the develepment ol the
icessheets into morthern and gouthern halves, which thencefortn diverged iclo
what are viviually two separste sllopatric species.
Other élosely reloted diploids exigt abaut which-I can make no comment

as L have not seen spascimens, Firstly there is @ast Alpine diploid C,roturdifolis

IS

quoted by Bocher (1966, p.298) and illustred in Bicher 1960 plate VI. Then
there are the other diploid speoies which might have hybridised with one another

and ancestral atocks rolated to present day dipleid C,rotundifolis. Through

polyploidy, these may have contributed genomes to tetraploid species, especially

the tetraploid cytodeme of Cyrotundifolia. Such diploid species are Cewilapseckisna

Cexhomboidalis, Cehorcegovina, Cemacrorrhiza, end C,forsythii in Hurope
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(Bécher 1966) and C.par

Ceparyil in the Recky Mountains in Nerth America (Lbve and

Lve 1965),

Tetrapnloida

R R SR P

Tetraploids of C.rotundifolia and very closely related taxa hove a
virtuslly continuous circumboreal distribution. Only in Greenland and Furope
have extensive cyteleglcal studies been carwvied out, although some informelion
s availlable on North Amewican plantg. In this section on the tetraploids the
pogitions in Greenland, Hurope, and North Americe will be discugsed hefore
turning to & diseussion of their evolution and eytogeography.

Greenland In Greenland the tetraploids are vather similar in avpearance to the

diploids, although Bicher (1960) considers them sufficiently dislinct to be

gepavated as & aubspecies = (ogicseckinna cep. proeniandics. He states that

the tetraploids are much more variable then lthe diploids,

Durope In central Furope the dipleid and tetraploid cylodemes of Cerotundi

are morphologically indistinguishable (Gadella 1964Y. In other areas of Eurove

?

where the diplolds ave ambsent,tetraploids in severe highlatitude and high
altitude situations tend to resenble Greenland planta,while tetraploids in
milder enviromments resemble the central Furopsan plontc. There is however a
complete intergradation between the extreme morphological forms. For exampla,

on the dry chalklands of southern kngland the ltetraploids resemble the continerte

al diploids. The tetraplolds in the nerth of Britein on the othsr hand are

rather similar to Greenland plants, snd, a3 we have seen (Chapter 3), some have

in fact been named C.groenlandica (wcogiesockiana_BSDn_mroenlanﬁioa) by Podlechs
Belween these two extremes all possible intermedislte variants exist along e
clinal gradisnt from the south fto the north of Great Brltaln (ch HeVean 1953

on Alnus glutingsa)

b sinilar sitvation sxizts in Scandinavie where many northern and mountain

populations have been identified as C.gieseckiana ssp. groenlandics (Kovande,

1970e, Laane 1968), Bocher (1966) however disagrees with such identifications,




conpidering 8spe groenlandica to be conlined to Greenland,

North America. Tn North America the pattern described above is probably
repeated., Rbcher (1966) in dimcussing the Nowrth Fast American Harebell

(Cointercodens ), describes high latitude (Newfoundland) and high altitude

(Mount Vashington) plante as resembling Copiegeckians ssp. sroenlandica,

while more sonthern harebells are guite distinet fram the Greenland plants.

On the west coast of North America we have the same situstion with northern

(and more western in Alaska) planty having larger flowers and brosder leaves
(Hultén 1968). In this case the extreme end of the cline has been named

Colatisenala.,

There has been much discussion about the nomenclaiure of the North
American tetraploids {but possibly also including other undebected cytodem2s).

Love and Ldve (1965) refer northern variants to (.dubia or (ericacckinms s

groenlardica (net making quite clear which they feel ig correct) and morve

sovtherly plants to C,intercedens. Bbcher (1966) effectively invalidates ihe

¢ sedens for all

e of the name C.dubis (and Cepratensis), and uses Colube
north east American Harebells. Shetler (1963 and 1966}, cn the other hand,

in a study of all the Campanula species of North America, places all havebellis
in Cerotundifolia, but divides the species up into "four regional morphotypest
which he treats ag subspecies,

The orimin of the telraploids

Although there is no experimental evidence to support the assextion, it

seems possible on morphologicel grounds that the two diploid entities

&

(Gigieseokiaﬂa ssn gleseckiana in the North Atlantic ares from America through

Greenland to Scandinavia, and C,rotupndifolis in east central Furope) gave rise

to autotetraploids within their own distribution ranges., Thus it is probable

that at some stage towardas the end of the last Ice Age there were dipleoilds ond

tetrapleids of (ogieseckiana in Greenland and northemm Scandinavia, and dipleids

and tetraploids of C.rotundifolis in east ecentral Turope, the laxa being




soparated by the remaing of the Scandinavian Tee Cap. T suggeastd tﬁagsﬁhis ice
melted both taxa, and particularly the teitrapleid cytodemes, expanded into the
newly ice~firee areas which were becoming availlable for colonisatlon. It is
posslble that the diploids never met, but I believe that the tetraploids met
and hybridised freely l%acher (1966) asserts that Greenland and central Furopean
tetraploids ave wholly interfertilan Fp hybrids would be virtually a new
allotetetraplold,; but backerossing to both parents and erossing among hybrids
probably occuried se¢ freely that a hybrid swarm was produced and the
distinctions beiween the taxs broke down. It is likely thatl the planis of this
new hybrid swarm weuld have Dheen more vigorous than elther ol thelr povent haxo,
and 1t seems likely that they repidly spread throusnout most of Burope noxtn
of the Alps, giving rise to the variable and successful tetwaploid harebell wo
know today.

Buch a hybrid swarm would have hybridised witnh the aviletetraploids whorever

they met. Thus the original tetraplold (.gieseckisns would only exist in a pure

etate today in Greenland and Iceland which are outwith the range of the nybrid

swarm, having been gut off from FEurope since the last (Fem ox Wurm) interslacioal

(Léve and Love 1956). Pure autotetrapioids of diploid C,reiurdifolia misght

N

exist in isclated localities in central Burope, but they would be very
difficult to detect. Meiotic pairving studiesg are unlikely to he very informative
congldoring the interfertility of the dipleoids « cof. Manton (19340 1957) on

Bigcutells laevieata ,

The gene combinations of C.giegeckiang and diploid Cerotundifolin «s, were

presunably sdapted to northern Arctic and continental conditions wespectively.

It waw thug perbaps to be oxpected that selection within the hybrid swerm

would result in tetraploeids resembling C.zicseckiana being selected in high
latitudes and at high altitudes, and in tetrapleoids resembling diploid

Cerotundifolia being selected in ereas with a more continental climate, An

original high frequency of the reepective antotetraploids in such areas could




be another explanation of the morphological similarities to the ancestral
taxa, This, however, is unlikely to be true in the British Isles where the
same pattern is found - small flowered plants with paniculate inflorescences

in the south and large flowered C,gieseckiana - like plants in "the north

and in all mountainous areas,

As will be discussed in the next section, I believe the British lsles
to have been occupied exclusively by hexaploids towards the end of the last
glaciationQ As T believe, from a consideration of their present distributicn,
that the tetraploids entered Britain from the south east afler the North Sea
had filled, this present British pattern must be the result of natural
selection having acted on the hybrid swarm,

Although in this discussion I have considered only the two diploids

C,gicseckiana gsp,z2ieseckiana and diploid C.rotundifolia as the ancestors of

the widespread teiraploid Furopean harebell, the other southern European
diploilds mentioned at the end of the section on diploids could also be

involved without necessitating any drastic revision of the above interprotation,
If such species contributed genomes, the new tetraploid spreading north would

be more heteroyygous than the présumed autotetraploid of diploid C,rotundifolia.

or hyb'f“;{/ Swarm .
as assumced above, Much more work is required, particularly on southern European

- topodemes, to obtain a better understanding of the situation,
I have relatively little information on North American material on which
_to base any hypothesis, bul morphological resemblances suggest that many of

the more northern tetraploid topodemes might be derived directly from

Cegieseckiana ssp,groenlandica alone, More southern topodemes are somewhat
different, but this need not imply the involvement of another diploid, The

redundancy present in the presumed autotetraploid gsp.groenlandica would give

plenty of scope for the evolution of new variation as it spread southwards,

[Bhno (1970) suggests that one result of genetic redundancy is that many
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mutations survive which would be lethal in organisms lacking gene duplication,
These mutant genes are then available to assume new additional functions,
Duplication of the genetic material therefore releases an organism from
stabalising selection in many vital genes, and by increasing thé potential
genetic variation available for selection it speeds up the rate of evolutionary
change ;}

On the other hand,other diploids, perhaps extinct or as yel undetected,
might have contributed in the formation of the tetraploids,

As Greenland formed part of the North Atlantic land bridge and C,gieseckisnz

is said to be present in Greenland in a pure form (Bochcsr 1966) — i,e, with no

admixture of genes from any other dipleoids - east American and Buropean

tetraploids may only be related to one anolher through U,ciegeckiana,

The situation in eastern and western Noxth America thus seems to parallel
thaf in north %o south transects of Britain or Scandinavia in Burope. There
are large-flowered, few-flowered tetraploids in northern regions,and smaller
flowered tetraploids with more branched inflorescences in the south (Bécher 1966,
Hultén 1968), With liltle cytological informuation available, particularly -on
more northern and western populations, I do nol feel able to draw any conclusions
concerning the evolution of the North American letraploids,

Very little information is available {at least to me) on Asian populations,

The harebell on this Continent has been named C.longadorffinna, but its

distinctness from harebells in other parts of the world, particularly
neighbouring regions of Buropean Russia, appears doubtiul (Fedorov 1957),
It would therefore seem that the very commontetraploid cytodeme of

C,rotundifolia s.1, at least in Burope, has arisen from two or more diploids

by auvtopolyploidy d&nd allopclyploidy, As the resultant tetraploids were all
interfertile, hybridisation and heterosis have presumably led to great
variability and vigour, Much more work is however necessary to investigate these

hypotheses more fully.
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Hexapioids

Ags mentioned in the introduction, previous hexaploid counts have been so
scattered in their distribution that no obvious pattern was discernable,
However, with the discovery that western and northern areas of.the British :
Isles are exclusively inhabited by hexaploids, the situation is completely
altered,

Within the British Isles the distribution of the hexaploid is that of
a northern oceanic species. Its main distribution area is very cloéely
correlated with regions having an annuval range of mean temperature of less
than 10 Celsius degrees (18F degrees) K}ig51162) as taken from Bilham (19383]e
However it also occurs: in isolated pockets, often in association with arctic
glpine relict species, within the distribution range of the tetraploid
cytodeme in areas of the central Highlands and northern England, with an
annual range of mean temperature of over 11,1 Celszius degrees (20F degrees)ﬁ
This argues in favour of the hexaploid being a relict taxon which has been
replaced from the south-east by the tetraploids wherever its habitats were
accessible to that cytodeme. It therefore seems probable that during the
last (Weichf}lian) glaciation, and for at least a short time afterwards, the
British Isles were occupied exclusively by hexaploid harebells, Campanula
pollen and seeds have been recorded periodically in peat since the late
glacial (Godwin 1953, 1956, Pennington 1970, West 1970), and the surrounding
vegetation as Jjudged from the pollen diagrams makes the harebell the most

probable speéies (the alternatives Ceuniflora, C,patula and C,plomerata are

unlikely).‘ This evidence, together with the fact that modern C,rotundifolia

and C,mieseckiana inhabit areas very close to the Alpine and Arctic ice

sheets, similar climatically to south west Britain during the Ice Age,
suggest that the hexaploid could have survived in western areas very cloze

to the Pleistocene ice sheets,
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Ag discussed in Chapter 5, many hexaploid topodemes, and significantly

even the more southerly ones from the Lizard and Southern Ireland (figa5¢29),

bear a cloger resemblance to Greenland C,gieseckiana than to southern British

and continental tetraploids, Most hexaploids have the stout stems bearing
Tew large flowers with large but short and broad ovaries, and also the

relatively wider, blunter tipped, upper stem leaves of C,.gieseckiana, It is

also interesting that many, including the southern British, hexaploids have
the relatively short stout rhizomes described by Love and Ldve (1965) as

characterising the diploid ssp.gieseckiana,

It therefore seems likely that these hexaploids are derived solely from

C.gieseckiana, having no admixture of genes from continental (C.rotundifolia ss.

The most probable meode of origin of such a hexaploid is by chromosome doubling
following hybridisation between diploid and tetraploid plants, as suggested
by Gadella (1964) for an Alaskan hexaploid,

It is perhaps of some significance that hexaploids have béen found in the
most oceanic part of northern Spain in the same area as such species as:

Brica ciliaris, E.vagans, L, mackaigna, Daboecis cantabrica,
Pinguicula grandiflora and Arbutus unedo,

which are ccommon to both this area and Ireland,
These hexaploids have many of the features which link their British

counterparts with C,giegeckiang and they are guite different from the

tetraploidé of the surrounding area, It might also be of significance that
they occur on fhe open slﬁpes of the coastal foothills rather than in the
higher mountains of the Picos de Europa. They may therefore be in a habitat
which remained unglaciated throughout the Ice Age. Theilr apparent preference
for a warm dry habitat is perhaps unexpected, but the very thin rendzina

soll gives relative freedom from gompetition, Associated species in the

Lrica vagans — Genigta hispanica heath included Antennaris dioica, Anthyllis

|
Yulneraria, Aster alpinus, and Globularia cordifolis.,
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Hexaploids have also been reported from the Massif Central in France

by Huboc (1961) and Gadella (1964), TFrom the morphological descriptiong

given they do not seem to bear much resemblance to C,gieseckiana, except perhaps
in possessing transitional leaves (Hubac l,c,). However a number of Lusilanian
species do occur in this area,

The only other area in Europe from which hexaploid populations of (. .rotundi-
folia have been reported is Czechoslovakia (Gadella 1964), However, Kovanda
(1970b), who has made a special study of Czechoslovak gpecies of the subsection

Heterophylla, refers these hexaploids to C,moravica - a species distinguished

from C.rotundifolia by several qualétative characters (e,go papillose ovary,

woody capsule)‘

It is recognised that hexaploids may arise through the funtioning
of unreduced gametes in a tetraploid population, or through hybridisation
between diploids and tetraploids followed by chromosome doubling, If the
hexaploid populations had such a recent origin they would be expected to
differ very liftle morphologically from surrounding tetraploid populations
(unless hybridisation between two species was involved), They would also
be most likely to occur as small scattered topodemes (as described by Roussi

1965 in Potentilla anserina) in association with tetraploids, The Scottish

topodemes 45,6 and 100,6 largely satisfy these criteria, bult almost all the
other hexaploid topodemes in the British Isles and northern Spain do not -
of ten being morphologically distinct and usually spatially isolated from
tetraploids,

It ghould be pointed out that a hexaploid which had arisen spontamneously
in a tetraploid topodeme would almost certainly be interfertile with relict
hexaploid plants. Because of the spatial isolation of the cytodemes such

hjbridisation is unlikely to occur,
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Ag discussed earlier, the east Canadian hexaploid fits perfectly with

descriptions of C.glegeckiana, and so is almost certainly derived solely

from lower polyploid level grtodemes of that species,

On phytogeographical grounds (the North Atlantic land bridge passed
through Iceland and Greenland in which no hexaploids have been found) it
is unlikely that the European and American hexaploids have a common origin.
The same conclusion would be reached on morphological grounds (see Chapter 10) s
It thus seems that there may have been a parallel evolution of hexaplolids

from €, eieseckians on both sides.of the Atlantic,

Too little information is available on the very distinctive Alaskan
hexaploild to make any proposals concerning its origin, but in contrast to
the opinion put forward by Bscher (1960) I believe it to be gquite distinct

from C,pieseckiana,

An important feature in considering the cytogeography of members of the

C.rotundifolia complex is that they occur largely in natural habitais and

their distribution is unlikely to be much affected by man's activities, In

thig it resembles the Biscutalla lacvigata complex (Manton 1934, 1937), and

is in contrast to the Anthoxanthum odoratum complex (Hedberg 1967)°

Summary of cytogeogravhical conclusions regarding Burope

It is postulated that at some time during the Ice Age the arctic diploids

ancestral to C,gieseckiana gsp gieseckiana gave rise to tetraploids ancestral

to sspegroenlandica, At some stage during or prior to the last glaciation

hexaploids arose and spread throughout the Atlantic seaboard of Europe,
probably replacing diploids and tetraploids in the north, but perhaps
colonising new ground in the south, Thus diploid and tetraploid C,gigseckiana
probably became confined in BEurope té Scandinavia, the hexapleid occurred
throughout the Atlantic seaboard from Iberia to the British Isles, whilie

C,rotundifolia was probably an allopatric species of continental RBurope,

ey e
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As the ice melted towards the end of the last glaciation all these entities
would have an initial extention of their ranges. However the meeting of

tetraploids of C,giegeckiana and C,rotundifolia somewhere in Eastern Europe

led to the creation of the vigorous tetraploid hybrid swarm which soon spread
throughout the former glaciated areag and also largely replaced the
hexaploid in the west. The hexaploid topodemes in western Britain, north

are

Spain, and probably the Massif Central in France, wwé therefore interpreted

as the remants of a once extensively distributed cytodeme of C, gieseckiana,

Such a digjunction in distribution in a lusitanian species is guite common,
and is merely an cextreme form of the distribulion of many species confined

to the Allantic seaboard of Europe (Mathews 1926, Heslop-Harrison 195%),

SECTION 4 ~ CONCLUDING REMARKS

From the data presented in this thesis it can be seen that the

Cerotundifolia complex in northern Europe consists of at least two diploids

and a superstructure of fetraploids and hexaploids, All three cytodemes
have diglinctive geographical distributions which must be taken into account
in the formulation of hypotheses about their origins,
Parallels may be drawn between all the situations found in the C,rotundi-
folia complex and those revealed in other species groups, although it must
be stressed that each individual complex has a unigque evolutionary history
and so must be treated on its own., The postulated autopolyploid origin
off the higher polyploid levels finds a parallel-in Hedberg's (1961, 1964,

1967, 1969, 1970) work on Anthoxanthum, although Jones (1964) disagrees. The

suggestion that although a number of diploids exist, only omne or two of these
have been involved in the origin of the polyploids is similar to the proposals
put forward by Manton (1934, 1937) to account for her findings in the

Biscutells laevigata complex, Another feature shared by this group and the

Cirotundifolia group is the interfertility of the diploids, and therefore
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the unsuitability of genome analysis as a means of investigating relationships,
Genome analysis has proved to be a very useful tool in the investigation of
many species groups Cé.g. Gustaffson and Hakansson(i94é)on Rosa, and Walker

a961)on Drgopterié), but the assumptions involved have been highlighted by

the work of Riley and Chapman (1958) and Riley (1965), The genctic methods

used by Nordenskibld(l953, 1954, 1957, 1960) in hés studies on Phleum pratense

might therefore be the best techniques to use in the study of C.rotundifolia,

Another interesting parallel is with Dactylis glomerata, in which Stebbins

(1971) states that natural selection has brought about the evolution of
tetraploid ecogenodemes morphologically very similar to both presumed ancestral
diploids.

The extensive approach taken to the work on C,rotundifolia precluded

the delailed investigation of the large number of problems which were
necessarily revealed, In addition to studies on meiosis and genetical experiments
of the type carried out by Nordenskitld, many genecological, population biology,
and hybridisation studies could be undertaken, The verj marked ecotypic
variation requires genecological investigation., The limited studies undertaken
here have revealed many problems in the population biology of tlhe species -
a survey of the breeding system of a large number of topodemes is required,
experimental work is necessary on seed germination and seedling establishment,
and studies could be undertaken on the extent of vegetative spread and the
structure of individual topodemes. Further hybridisations to investigate the
interfertility of a wide range of taxa, and of topodemes of each ftaxon from
many localities would be most instructive, Much interesting work could be
undertaken in the area of gquaternary studies, with attempts being made to
identify species, and perhaps even the cytodeme, using such seed and pollen
cﬂaracters as might be revealed by the scaning election microscope.

The studies undertaken in the course of the preparation of this thesis

have thus revealed many problems worthy of further research,



REFERENCES | C 454

w

AMEN, Ro Do 1967. The effect of gibbepellic acid and scarification on the
geed dormancy and germination in Iuzula sp]cata, Physiologia Pl,
20 ¢ 6 = 12,

ANDERSEN, S. the 1960. Silicone oil as a mounting medium for pollen grains,
Danm. Geole. Unders. Ser. 4 4 &t 1=24.

ANTONOVICS, Je. 1968a, Evolution in closely adjacent plant populations. V,
Evoluticn of self fertility. Heredity, Lond. 23 : 319-238.

1968b., Evolution in closely adjacent plant povulations. VI,
Manifold effects of gene flow. Heredity, Lond. 2% & 507=524,

ANTONOVICS, J., BRADSHAW, A.D., and TURNER, R.G., 1971l. Heavy metal tolerance
in plants. Adve Ecol. Res. 7 & 1«85

ARASU, N,T, 1968. Selfwincompatibility in Angiosperms : a review, Genetics,
Princeton 33 & 124,

BAKER, H. Go 1948, Dimorphism and Monomorphism in the Pilumbaginaceae 1,a
survey of the family. Ann. Bote. NoS, 12 ¢ 205-219,

BANNISTER, P, 1964, The water relations of certain heath plants with-
reference %o their ecclogical amplitude. I1T, Bxperimental
studies s general conclusions. J. Hcol. 52 35 499-509.

1965, Biologioa1 flora of the British Isles. Erica cinerea L.
Jo Ecole 53 @ H2T7=542,

BARNES, C. R. 1885. The process of fertilisation in Campanula americana.
Bote. Gaz., 10 ¢ 349-54.

BATTAGLIA, E., 1964, Cytogenetics of Bmchromosomes. Caryologia L7 245299,

BENTHAM G and J, D, HOOKER, 1876, Genera Plantarum I, 2 s 541-564

BIELAWSKA He 19640 Cyiogenetlc relationships between lowland and montane
species of Campanule rotundifolia L. group. Te C. cochleariifelia
Lam, and CGerotunaifolia L. Acta Soce, Bot. Pole 35 3 15«44,

1968, Cytogenetic relationships betwesn lowland and montane

species of Campanula rotundifolia L. group. IIl. Tetraploid
sorotundifolia Le 8. stre as well as C.polymorpha Witasek and
Cescheuchzeri Vill. from Poland., Acta Soc. Bot. Pol. AL & 261-296

1969. Cytogenetic relationships among five taxa of Campanula
() = P Rt

rotundifolis L. group. Genet., Pol. 10 & 87=90,
BILHAM, B. G. 1938 The climate of the British Isles. London.

BLOCK, Fo M. 1964. Incompatibility in the genus Campanula. Ph.D. thesis.
.University of Durhame.

BOCHER, T. W. 1960, Experimental and cytological studies on plant species. Ve
The Campanula rotundifolis complex. K. Danske Vidensk. Selsk.
Skr. (biol.) LI (4) s 1=69,




BOCHER, Ts W. 1963. A oytologically deviating Westwalpine Campanula of the
© Cerotundifolia group. Bot. Notiser 116 (2) s 1l3-121.

1964. Chromosome connectionsg and aberrations in the Campanuls,

persicifolia groupe. Svenske. Bot. Tidskre 58 ¢ L-17.

1966, Experimental and cytologlcal studies on plant species X1,
Horth Atlantic tetraploids of the Campanula rotundifolia complex,
Ann. Bote Fenne 3 3 287+298,

BOISSIER, E. 1875, Tlora Orientalis IIT & 893«945. Geneva and Basel.

BOYKO, H, 1947 Onn the role of plants as quantitative climate indicators and
the geowecological law of distribution. J. Ecols 3% 3 138157,

1949, On climatic extremes as decislve factora for plant distrvibution.
Paleats Jo Bote. Rehovot Sere. VII § 4152,

et ey ATARIAY

BRADSHAW, A« Do 1959. Population differentiation in Agrostis tenuig Sibthe T.
Morphological differentiation. New Phytlol. 58 & 208«227,

CANDOLLE, Ae de. 1830. Morpholegie des Campanulées. Paris.

CATCHESIDE, D. Geo 1930, Chromosome linkage and syndesls in Qenothera. Trans.
Ra SOCQ Edinl)@ d’é‘é‘. 3 4,67““4.540

CLAPHAM, A. Re, TUTIN, To Go, and WARBURG, L. P, 1952, TFlora ol the British
Isles. Cambridge.

CONDRY, We Mo 1967, The Snowdonia National Park. New Naturalist Series.
London.

CROOK, H, Cl. 1951, Campanulas., London.

DAIL, B, 1946, On different types of unglaciated areas during the ice ages
and their significance to phytogeocgraphy. HNew Phytol. 45 & 225242,

DAUBENMIRE, R. F, 1959, Plants and envirvomnent. New York,

DYER, As I'e 1963, The use of lactoe~propicinic orcein in repid squash methods
for chromogcme preparations. Sitain Technol. %8 ¢ 85=90,

FEDCROV, A. 1957. Tlora U.S.S.Re 24 & 133«331. Moskova and Leningrad.
P

FLORA EUROPEA {1964 « Yo eds Tuting, TeGey Heywood, Veley Burges, Nofas
Valentine, DeHegy Walters, S.Moj Webb, D¢Ass Cambridge.

FLOVIK, X, 1940, Chromosome numbers and polyploidy within the flora of
Spitzbergen. liereditas 26 & 430=440,

FRYXELL; PoAe 1957. Mode of reproduction of higher plants. Bot. Rev. 23 ¢
135-233%,

GADELLA, T. W. Js 1964, Cytotaxonomic studies in the genus Campanula.
Wentia 11 ¢ 1-104.




[ ' | ‘ | :“1§G

| GADELLA, T Wo J, 1966, Some notes on the delimitation of geners in the
Campanvlaceae. L. Proc. Roy. Neth. Acad. Sci. Ser. C 69 ¢
* 502521,

GAIRDNER, A, E. and DARLINGTON, C. D. 1931, Ring-formation in diploild and
polyploid Campanula percisifolia. Genetica 13 & 113-150.

{ DARLINGTON, C. D. and GAIRDNER, A, H. 1937. The variation system in
Campanula persicifelia. J. Genet. 35 & 97-128,

GILLHAM, M. E. 1970 BSeed dispersal by birds; in The flora of a changing
Britain ed. P, Perring. London.

GITMOUR, Je S¢ L. and HESLOP=HARRISON, J. 1954, The deme terminclogy and
the units of microevolutionary change. Genetica 27 s 147-161,

GIMMINGHAM, C. H. 1964. Maritime end submaritime communities; in The
vegetation of Scotland ed. Je. Ho Burnett 67 « 142,

GODWIN, H, 1953, DBritish vegetation in the fulleglacial and late-glacizl
periods;in The changing flore of Britain ed. J. E. Lousley.
59«T4. Arbroath, "

© GODWIN, H. 1956, Hietory of the British Flora. Cambridge.
. GRONTVED, Jo 1942. 7The Pteridophyta and Spermatophyta of Iceland;in The
- Botany of Ieceland ed. J. Crontved et al, ﬂ.(l) t 1ed27

GUSTATS50N, A. and HAKANSSON, A. 1942, Meiosis in some Rosa hybrilds.
Bota Notiser, 551“”:/)45e

HARBERD, Do Je 1961. Observations on population structure and longevity
of Festuca rubra L. New Phytol. £0 ¢ 184~206,

1963, Observations on natural clones of Trifoliuvm repens L.
New Phytol. 62 : 198«204.

HEDBERG, T. 1961, Cytotaxonomic studies in Anthyoxanthum odoratum L. s. lats
Svensk Bot. Tidskr, 59 & 118-128,

oo, 19640 Pubescence - a spurious taxonomic character in Anthoxanthum
cdoratun L. s« late. Svensk Bot. Tidskr. 55 § 257=240,

o 1967, Cytotaxonomic studies on Anthoxanthum odoratum L., s. late
Symb, Bot. Upsal, XVIII 1 « 88,

. e, 1369¢  Cytotaxonomic studies on Anthoxsntlhum odoratum L. s. late

[ Svensk. Bot, Tidskr. 63 ¢ 233=250,

1970« Cytotaxonomic studies on Anthoxanthum odoratum L. s, late
Hereditas 64 1531764

BRI W SRS TI

HEPBURN, I. 1952. TFlowers of the coast., New Naturalist Series. London.

HESLOP-HARRISON, J. 1964. Torly years of Genecology. Adv. Hcol. Res. 2
159247,




157

HRUBY, J. 1930. Campanulastudien innerhalb der Vulgares und ihrer Verwandted.
Magy. Bot. Lap. 29 t 152-276.

HUBAC, J. M. 1961, Etude morphologique et ecytologique d'une forme hexaploide
du Campanula rotundifolia e s.l, du Massif Central. Bull. Soc.
Bot e T ’;LQQL Y 16“‘17.

HULTEN, E. 1968, Comments on the flora of Alaska and Yukon. Ark. Bot.
gLt de=l47

HUTCHINSON, Te C. 1967a., Lime=chlorosis as a factor in seedling establishment
on calcareous solls. Lo A comparative study of species from acidic
and calcareous soils in their susceptibility to limewchlorogis,
New Phytole. 66 & 697=705. ‘

1967b.  Leotypic differentiation in Teucriuvm scorodonis
with vrespect to susceptibllity to limew-induced chlorosis and o
shade factors, New Phytol. 66 ¢ 439=453,

bt

INGRAM, R. 1968. Breeding barriers in some speciea of Sisyrinchivm, Wew
Phytol. 67 5 197204, '

KNUTH, P, translated by J. R. AINSWORTH DAVIS. 1909, Handbook of flower
pollination. Oxford.

KOVANDA, M, 1966a. Campanula xylocarpa « a new species of the series
Saxicolae Witasek. Folia Geobote & Phytotax. Bohemoslove 1 ¢

1760185,

1966b, Some chromosome counts in the Companula rotundifolin
complex Il. Folia Gecbot. & Phytotax. Bohemoslov, 1 & 208-273,

L e

1966¢. Some chromosome counts in the Companuls rotundifolia

B PR SN Y 1 o

complex. Freslia 38 $ 48-52,

e 137086 Polyploidy and varistion in the Camvanula rotundifclia
complex, Rozpr. csl. Akad.Ved. Rada MPVe 80 ¢ 1=95,

1970b. Polyploidy and variation in the Campanula rolundifolis
complex. Part II (Taxonomic)e l. Revision of the groups Sexicolac,
fanceolatae and Alpilcolae in Crechoslovakia and adjacent regions.
Polia Geobot. & Phytotax. Bohemoslove 9 ¢ 171208,

R iy F et ST AR s dia e

1970c. Campamula Le,sect. Campanula,subsect., Heterophylla (Witas.)
Fed, Flora Iuropea draft.

A i i g I R

KURTZ, EHe B. and LIVERMAN, J. L. 1958, Some effects of temperature on pollen
characters. Bull. Torrey Bot. Club 85 : 136~138,

KRASAN, ¥, 1894, TFragmente aus der Flora von Steiermark Mitth. naturwiss. Ver.
Steiermark 1 226=255.

LAANE, M. M. 1968. Cytowscological studies in Norwegian Campanula species.
Bote. Tidsskre 63 & 319341,

LEWIS, K. R, and JOHN, B, 1963, Chromosome marker., London.

LINSKENS, He P. 1964. Pollen physioclogy. A. Rev. Ple Physiol. 15 t 255«270.




- -158

L'OVE9 Ao and L@VE, D, 1956, Cytotaxonomical conspectus of Lhe Icelandioc
flora. Acta Horto Gotoburg. 20 3 65=291.

LOVE, A. and LOVE, D. 1965. Taxonomic remarks on some American alpine plants.
Unive Colo. Stud. Ser, Biol., 17 ¢ 1.43%.

MeNEILLY, T. and ANTONOVICS, J. 1968, Evolution in closely adjacent plang
populations. IV. Barriers to gene flow. Heredity, Lond. 23 ¢
205-218,

MeNEILLY, R. and BRADSHAW, A. D. 1968. Evolutionary processcs in populations
of copper tolerant Agrostis tenuis Sibihe.Bvolution, Lancacter,
Pae 'g“_% : 108-118,

McVEAN, D. N. 1953. Regional variation of Alnus glutinosa (L) Gaertn. in
Britain, Watsonia 3 3 2032,

MoVEAN, D. N, and RATCLIFFE, D. A. 1962, Plant communities of %he Scotbich
Highlands. London.

MANTON, T. 1934. The problem of Biscutells leevipata L. ..
Z4. indukt. Abstamme « u, Vererblehve, 0] & 41-57.

1937, The problem of Bismcutella laevigata L. 1I. The evidence
from melosis. Ann. Bote No 5. I § 439462,

B o =)

MATHEWS, Je Re 1926, The distribution of certain members of the British

Flora. III Irish and Anglo=Irish plants. Ann. BDot. NS 40 ¢ 773=T97,

MATHON, Cl-Ch. 1959. Contribution & 1L'&iude expbrimentale de 1'fcologie et
des wythmes du developpment chez les campanulades LCumpanuife et
lobélites)s Phyton, Horn 12 s 13=23,

MLINL9 Go and ROTHMACKER, Do 1961, Chloroplastenzahl und Valenzstufe bei
verscehi@ddenen Kartoffelasvecies. 4. Bote 49 ¢ 380=392,

MIKKELSEN, Coe M. 1949, Has temperature any influence on pollen size?
Physiclogia Pl. 2 & 323=324.

- MOCHIZUKI, A. and SUEQOKA, N, 1955, Genetic studies on the number of plastias
in stomata I. Effects of autopolyploidy in sugar beet. Cytologia
20 & 358=366,

NORDENSKIOLD, H. 195%. A genetical study in the mode of segregation in
hexaploid Phleun pratense. Hereditas 39 t 469-488,

1954. Genetical study in the mode of segregation in
hexaploid Phleum pratense. Caryologia 7 (Suppl.) 3 T04=T07,

1957, Segreation ratios in progeﬁies of hybrids between
natoral and synthesised Phleun pratense. Hereditas 43 ¢ 525-540,

1960, The mode of segreation in a family of hexapleoid
Phleum pratense. Hereditas 46 ¢ 504510,

NYMAN, C. Fo 1878-1882., Conspectus {lorae Europea. Urebro Sueciae,
OCKENDON, D.J. end WALTERS, S.M. 1970. Studies in Potentilla enserina L.
Watsonia 8 s 135~144.




QHNO, S. 1970. BEvolution by gene duplication. London.

PATON, J. A. 1965, Census catalogue of British Hepatics (4th ed.) British
Bryological Society publication.

PENNINGTON, We 1970. Vegetation in northewest Nnglandjin WALKER, D. and
WEST, ReGo Studies in the vegetational history of the British
Igles. 41«79, Cambridge.

PERRING, P, H. and WALTERS, S. M. 1962, Atlag . of the British Flora. London,

PERRING, T, H, and SELL, P, D, 1968, Critical supplement to the atlas of
' the British Flora. London.

PIJL, L. van der. 1969. Principles of dispersal in hicher plants, Berlin.
PODLECH, D. 1965, Revision der BEuropidischen und nordafrikanischen Vertreter

der Subject. Heterophylla (Wit. ) Fedo Der Gattung Campamila L.
Reprium Nov. Spec. Regni Veg 61 ¢ 50=187.

e+ 2 Qs Brginzungen zuvr revision der europiischen und nordafriksnischen
vertreter der subsect. Heteronlylla (Wit,) Fed., der CGaltung
Campanula L. Mitt. Bot. St.Semml., Munche 8 § 211217,

L4
QUEZEL, P. 1953, Les Campanulacles d'Afrigue du nord. Repriuvm Nov. Spece
Regni Vege 56 t 1le05,

RAMAKRISHNAN, P.8. 1961, Calcicole and calcifuge problem in Buphorhia thymifolin
Linne Je Indian Bot, Soce 40 & 66w81,

1965a, Studies on edaphic ecotypes in Euphorbia thymifolis L.
I. Seed germination. J. Iicols 5% ¢ 157=162,

1965b, Studies on edaphic ecotypes in Fuphorbia thymifolia L.
11, Growth performance, mineral uptake and inler-ecoiype competition.
Jdo Bcole 5% & 705 =714,

1966, Studies on the edaphic ecotypes in Fuphorbis fhymifolin

Le IIT Interwccotype competition and mineral uptake. J. Indian Bot.

Soce 45 t 6066,

RAMAKRISHNAN, P. S. and SINGH, V. X, 1966. Differential response of the
edaphic ecotypes in Cyneodon dactylon (L.) Pera., to soil calcium,
New Phytol. 65 ¢ 100-108,

RICHARDS, L. A. 1954. Diagnosis and improvement of saline and alkaline soils,
U8, Depts of Agriculture Handbook 6O,

RIDLEY, H.N. 1930, The dispersal of plants throughout the world. London.

RIILY, R, and CHAPMAN, V. 1958, Genetic control of the cytologically diploid
behaviour of hexaploid wheat. Nature (Lond.) 182 t 71%=715,

RILEY, R. 1965, Cytogenetics and the evolution of wheat; in Essays on crop
plant cvolution ed. Je. Hutchinson. Cambridge.

ROUSI, A, 1965. Biosystematic studies on the species aggregate Potenhllla
anserina L. Ann. Bot. Fenn. 2 t 47112,




- 2G40

SCHOCH--BODMER, H, 1940, The influence of nutrition upon pollen graln size
in Lythrum salicaria. J. Genet. 40 & 393-402,

SCH@NLAND, S 1894, Campanulaceae in A. Engler und K. Pran%la 1 Die natiirlichen
Pflanzenfamilien IV, 5 § 40«70,

SHETLER, S.Ge 1963. A checklist and key to the species of Campanuls native
or commonly naturalised in North America. Rhodora 65 ¢ 319=337,

1966, Geographical variation of Campanula rotuvndifolias in
NoAmerica. Ame Jo Bote. 53 ¢ 639, :

SMITH, A, 1965. The Assegsment of Patterns of Variation in Featuca yrubra L.
in Relation to Envirommental Gradients. Rep. Scotte Plo Breed.
Stne. 163«195, '

SNAYDON, Re. Wo 1962, 'The growth and competitive ability of contrasting
natural populationg of Trifolium reneng on calecareous and acidic
SOilBo Jo ECOla :2.9 4- 9“”44{:'“

SNOW, R, 1963, Alcoholic hydrochloric acid « carmine as a stain for chromosomes
in squash preparations, Stain Technol., 38 ¢ 9«12,

STHEBBINS, G. L. 1958. Hybrid inviability, weakness and sterility. Adv,
Genet. 9 ¢ 147 = 215,

1971. Chromesomal evolution in higher plants. Londorn,

STOUT, A. B. and CHANDLER, C. 1941. Change from self=incompatibility to
self=-compatibility accompanying change from diploldy to telranloidy.
Bcelence, NeY. 94 ¢ 118,

TTSCHLER, G. 1950. Die Chromosomoenzahlen der Gefdsapilanzen Hitteleuropas.
' Gravenhage.

TURESS0N, G, 1922. The genotypical response of the plant species to the
habitat. Hereditas 3 ¢ 211-350, :

1925, The plant speciles in relation to habitat and climate.
Hereditas 6 ¢ 147-236,

1930, The seleotive effect of climate upon the plant species.
Hereditas )4 & 99-152,

WALKER, S. 1961. Cylogenetic studies in the Dryopteris spinuvlosa complex 11,
Am. J. Bot., 48 3 607«614,

WARBURG, E, F. 1963%. Census catalogue of British Mosses. (3rd edo). British
Bryological Society publication,

WEST, R. G, 1968, Pleistocene geology and biology. London.
1970. Pleistocene history of the British flora; in WALKER, D, and

WEST, ReG. Studies in the vegetational history of the Brl%xsh Isles.
Cambridge.

LRI A TR ST A ORIV




|
|
|

[
o
Y

WILLIS, Je Ce 1966, A dictionary of the flowering planis and ferns (7th ed.
revised by He K. Airy Shaw). Cambridge.

WILLKOMY, He M. and LANGE, J. 1861-1880, Prodromus Florae Jlispanicae.
Stuttgart.

WITASEK, J. 1902. Bin Beitrag zur Kenntnis der Gattung Camparula.
Abh. zool, bot. Ges. Wien 1 (3) ¢ 1=106.

YAALON, D. Ho 1957, DProblems of soil testing on calcareous soil. Pl. Soil.
8t 275288,



