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A stuwy oi the Scottish Birch wilth gpecial
reference to the genetices ana ecology ol

the gpucies,

Introauction,

Any intensive ¢ tudy of one group ol pliants tenas
to demonstrate that the uegree ol variability within
the group ies as greal as ana more complex than ithat
between groups, This veriability, obscure in nature,
has a realness, but because of ites different degree
it de «ifficult or awegcription and comprehencsion,
Where discrete difierences zre precent it ieg easy to
ucseribe vne attributes by which the types wre
diétinguisheu, anua Lhis eager o. wcscription adso
tenas to lcad to easce of comprechension,

In wid: renging specliesg, segregatio.n ol groups of
i1naiviauals occurs «nd thu groups possees nolt only
a eeparate iuwentity from, but also similarities to, the
othur groupse, Sucr subdivigiorie have caoways croubled
the taxonomisis irom the carliest time, and, when & theory
of evolution based on the &ccumulation of small
aifierences was put forward (Darwin, 1859), the

importance oi such small groups became very real,



Not until recently, has an enquiry into the
mechanisme of the formation of these gub-units been
begun, and foremost among the methods used has been
that of experimental taxonomy, The principles of
this study were known to Kerner (18q( ) and Bonnier
(1920 ) but it was not until Turesson (1922 et seq.)
published his methods of approach that the subject
really became established.

Since thentheénumber of workers here, and elsewhere,
has expanded and developed the original conceptions
of Turesson.

'Experimental taxonomy is a branch of bioloéy

dependant on all other aspects of biology, in

particular genetics and ecology; hence the aliernative

term genecology. Genecology is primarily a
synthetic subject and,like all synthetic sciences,
subject to theorising. However this doeg not
detract from the study of the subjec%.

Since the days of Darwin selection has been

cited as the causative agent of evolution, but wholly

aependant on the presence of variation. Without

variation there can be no gelection, If variation



does not exist the ultimate. fate of the group will
be extinction,

The agents which are selectivée have been determined,
anthropomorphically rather than experimentally,

Thie igs most unfortunate, becaucse in the minds of
purists a teleological argument is always falee,

I do not think that it is permissible to digcount

an argument because it is based on mental conception
rather than on & factual bagie,

It may ceem naive to mention that the main
cselective agent is the hebitat but it ie necessgary
to introduce thisg to explain the philosophical basis
of experimental taxonomy, Experimental taxononmy
in the narrowest sense has been confined to studies
of plants because of their being easier experimental
material than animals, but the work of Dice (1934-5) on

Peromyscug is as valuable as any of the illustrations

from botanical material, However the zoologists
have done admirable work on the geographical
differentiation of gpecies, and in the geographical
replacement of races, particularly the ornithologists,
Rensch, Kleinschmidt, and conchologists, Diver, etc.
With the larger, more mobile animﬁls divergences

likely to be caused by ecological, as opposed to



topographical factore will be negligible. Again
with the more highly organised animals the factor of
psychological preference must be considered, Where
selection pressure is very great, dcological differentiation
(or ecotypic differeﬂtiation) may begin to operate,

| Plants are sedentary, except the phytoplankton,
and are probably differentiatgd by ecological factors,
rather than topographical, . Selection will slways
be on a population and never on an individual,
Hence the inadviegability of studying rare plants er
common plants which occur sgingly, or in véry small
groups (say less than 20 individuals),

The experimental study of variation was begun by
Kerner (1¥{l ) and Eonnier (1920 ) who studied the
reaction of plants to altitudinal conditione different
from those where they had been found, Turesson
(1922) studied extensively the reaction of plants from
different localities when grown under the uniform
conditiong of the experimental garden, The results
of thie led Turesgson to propose a theoretical
conception of the‘species and his system is-nbw

adopted by most.workere,



He proposed that the terms ecotype, ecospecies,

and coenospecieg, should be uged to denote those

subdivisions of a breeding unit (which may or may
not be identical with a taxonomic specieg) having
the following characteristics.

Ecolype:- Groups of individuals capable of
freely exchanging genes with other similar groups but
aifferentiated, physiologically, or morphologically
(or both) into ecologically distinct categories,

Kcogpeciesg; - Groups of individuals capable of

limited exchange of genes, with other esimilar groups.

Coenospecies:~ Groups of individualg incapable

of exchanging genees, with other similar groups,

Thieg is a usgeful claseification, and hag been
modified to accomodate diffefant types, e.g8.,
replacing ecotype with topotype, Gregor (1938,1939),.

Danser (1929) proposed a gystem, not universally
accepted, where the criterion of affinity was the
capacity of croessing of individuals. This doeg not
take into consideration the interchange of genes, and
only accounts for the degree of affinity of the
individuals and not the sgituation as found in nature,

To have differentiation of any sort, there must



be a polymorphic agsemblage of individuals, » Where
a species ig uniform in its morphology, immediately
obvious, or ite physiology, obvious because of its
rarity (cf. the phrase 'exacting in its requirements',
which is often used) then divergence doces not occur,
Differences may or may not be gelected by the
environmenﬁ, énd in the latter case no‘correlation
between environment and plant will be able to be
ecgtablished unless by chance,
To sum up we méy cay, differentiation is present
and the aim is to explain the selection of parts of
the heterogeneous mags and th¢ dynamice of the variants,
The genus Betula, as are all lree genera, is very
highly polymorphic and has been of considerable
taxonomic importance, | It is congidered to be 'aifficult
but has been surveyed by a number of authors.

Within the genus the species Betula alba, L. hags been

examined critically and no two authors agree with each
other on the status of the epeciesg.

Helms and Jorgenson (192Z2) showed that within the
species B, alba. L. there exist two chfomosome races

corresponding to B, verrucoga, Erh, and B. pubescens, Erh,

The site which was examined also contained a plant the



chromosome number of which was intermediate between

the others, The immediate conclusion was that the
plant had arisen through hybridisation, Johmsson {744 )
(1946 ) and Lbve (r9uub) found other specimens with the
intermediate number but the former author, who has
studied a2ll natural Scandinavian plants which are known
to possess this intermediate (triploid) number, came to
the conclusion that it.is‘not a hybrid but has arisen by
a different process (gee p. 44 )

It is interesting to compare the conclusions
reached by the cytogeneticiet with those ol the
taxonomists.\ Morgenthaler (1915) and Gunnarson (1925%)
thought that all variation could be ascribed to
hybridisation, Gunnareson in particular maintains
that hybridisatidn is widespread and to the geneticist
some of his proposed hybrids, erected on herbarium
material only, are to say the least ill-founded,

'

In Betula the prime factor for studying variation
is present allowing the further study of the problem of
differentiation and divergence, The question arises

to what other factors is this variation related ?

Since there are two distinct genetic types (the

diploid B. werrucosa and the tetraploid B. pubescens),

there is the posgibility that the variation in the



two species, if species they be, may follow the same
course, acted on by the same selective factor.

The work presented in the following pages represents
the study of the wvariation, and the distribution of that
variation in the Birch of the Central Scottish Highlands.

I wish to thank the Forestry Commigsion, members of
the staff of the Scottish Society for Research in Plant
Breeding, and members of the staff of the Botany

Department of Glasgow University for their assistance,



The Sampling Area,

The material used in this study was oBtained from
natural populations, The guestion which can be asked
immediately is what criteria determine whether or not
the population is natural ? This decigion is
cémpletely subjective but because 6f the infrequent
planting of birch by man it can be assumed that any
cxtensive area of birch is the result of natural seeding.
Not only is thig what normally.happens. but: where
planting has occurred it is natural birch which is used,
The seedlings which are used in planting, mostly for
amenity purposes, are usually collected in the field,
Thug there has been little dilution of the native stock
of geneg by genes introduced in stocks obtained from
outside Britain,

The sampling area is a linear belt extending across
the Central Highlands of Scotland from the Moray Firth,
across the Cairngorms to the Atlantic Ocean,

Some idea of the climatic conditions occurring in the
area can be obtained from table II. The altitudinal
range of the stations is. that of Betula itselfl, viz,
o' - 2,100' in the area studied, The individual

stationg vary in their altitudinal range (cf, Station I

and Station 12), If altitudinal distribution can
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Pig. 1.

The ciotteu line shows the route along which
sample stations were chosen. The open circles
the B. nana sites and the solid dots isolated samples

0oi B. alba L,
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replace topographical digtribution in ite effect

(Watson 1948) in that it alters climate in the same

way, then within the stations of wide altitudinal range,
variation of similar type to topographical variation
should be found,

Ashby (1950 ) showed that variation in day length
affected morphological attributes of plante, but since
the stations occur at the same latitude, and have the
sa me day length this factor neced not be consgidered,

Ticological niches will be as prevalent and as
varied on any one site as acrosgs the main belt but if
the variation is independant of ecological factors
the wide ranging sampling zone will bring out such
differences asg are present,

Stations were sampled at 5 mile intervals
along the belt shown on the map (Fig. 1.). It was
not possible to sample at evefy 5 mile interval
but this arbitary rule was followed ag far as conditions
permitted, Chance played a large part in the selection
of stations and one particular station (4) is not truly
repregentative of the area. Table I shows that there
is a marked uniformity of sgite as can be secen by the

associated flora, This method of describing stations



is moaified fwom Braun-Blanquet (1931),
The co-hubitante wila reflect the nature of
the habitat as efiectively as any other mcasure,
To the competent ecologist they are probably better
inaicatore ol habitat than any physicel or chewiced

measurement.
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TABLE 1.

Dominant
No real dominant
Holcus & Pleridium
Calluna
Eriophorum
Holcus, Pteridium
Calluna
Pteridium
Ptlteridium
Pteridium
Pteridium
Pteridium
Pteridium

Pteridium

"Pteridium

Pteridium

Agrostis alba Pleridium
Pteridium & Calluna
Pteridium

Pteridium

Pteridium

Pteridium

Pleridium & Calluna
Pleridium & Calluna

Pteridium

i1,

Peculiar

Gentiana campestris

Comarum palusire )
Hydrocotyle vulgaris)
Galium verum

Orchis maculata
Solidago virgaurea
Juncus squarrosus
Filipendula ulmaria.
Cnicug arvengis
Lathyrus montanus

Gnaphalium sylveticum

Junicus lamprocarpus
Juncus supinus

Epilobium hirsutum
BqQuisetum sylvaticum
Drosera rotundifolia

Hypericum pulchrum
Solidago virgaurea
Scrophularia nodosa

Fragraria vesca

senecio jacobea
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Table I lists the stations, their dominants and the
plants frequent within the station but not generally common
throughout the smmpling area, It can be seen that the
ground flora of the birch wood is of three main types

a) Pteridium dominant

b) Calluna dominant

¢) Pteridium - (Calluna codominant,
In only one case (sfation 4) this does not occur, Station
4 is rather anomalous because it is situated on a raised
bog (see Photo) and the woods of the surrounding district
are not of this type,. Other stations are more or less
similar edaphically, being either situated on glacial drift
(not boulder clay), which has been podsolized or on
stabilised scree (small scree derived from argillaceous
rocks) .

No pH's or other characteristics of soil were

determined since the variation within a station could be
as large as between sfations. There will certainly be
measurable differences of ecological factors between the
stationg but the difficulty of assessging the data, so
gathered, does not warrant the use of such data since the
main aim of the thesis is the degree of genetic differences

between populations and not their ecological differences,
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Fig. 2 represents what may be considered as??dealised
system for the ecological relations of the birch,
particularly the phytosocial relations. The birch
woods can be divided into two;

a) with Pteridium aguilinum as the field layer

dominant,

b) with Calluna vulgaris as the field layer

dominant, ¢

An intermediate stage, if it is a stage, consists of a
field layer with the above species co-dominant, This
last type does not usually present a very uniform facies
to the observer aﬁd ite instability may be due to its
not having reached equilibrium,

Certain characteristic plants are associated with a) and

b} but only one plant, Potentilla tormentilla, has been

found in all stations (except Station I, which is a very
unstabde, litteral population, since it is exposed to

severe flooding). iThe plants listes after the major

subdivisions in fig. are those found always with the

dominant, The dotted line to Eriophorum denotes

affinity with the (Calluna type and not a co-habitation,
Using fig, 2 in conjunction with table I gives a

'good general idea of the structure of the birch wood.



Plate 1I.

Some representative oirch woods oi the sampling area
1 .6c 2 , show the hillside type of population.
3. shows the raisea bog population (4).

4. is an aerial view of St.1l4 ana shows the

density of the inaividuals.
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Plate I shows photographs which illustrate typical

birch habitats,

Meteorological aata, obtained from the Air Ministry

are presented in Table II for areas representing the

Bastern and Western ends of the gampling area,
Table. H.

Gordon Castle (X)

Tort Wiliiam (W)

Monthly  Rain Temp, Hres,Sun Rain Temp  Hres.S
Average
Jan, 2,02 38.9 43 8.98 39,2 14
Feb, 1.92 39.3 71 6.94  39.5 49
Mar, 2432 40,5 112 6,20 40.7 87
Apr., 1.75 45.9 136 4,16 44,3 127
May 2,12 49 .5 171 3.65 50,5 170
June 2,00 54,1 174 2.28 55,1 170
July 3 .26 57. 5 149 4,53 57 .4 121
Aug, 3o LT 56,7 132 5.76 5T7.0 llé
Sept, 24,50 53.0 115 5.91 53,3 95
Oct., 3.6 47,6 94 6.57 41.9 63
Nov, 2 .88 41,8 54 71.60 41,7 25
Dec, 2,69 39,1 25 9,42 39,6 1
TOTAL 29,77 1305 73.00 1038

The only obvious differences between the

igs the distribution and amount of rainfall,

two localitie

One can infer
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that the amount of sunshine is correlated with the above
because the lowegt number of hours per day 600urs in the
months with highest average rainfall, i,e, hours of
sunshine\are inversely proportional to the cloud cover,

In the REast rainfall is relatively heavier in the
summer months while in the West the highest monthly average
occurs during Winter, However, the absolute summer
rainfall is much lesg in the BKaslt dhan in the West.

Mean monthly temperatures difier but little and the
main difference ig in the amount of precipitation,

Other data show that this change in rainfall from
Bast to West is progressive with local variation where
some peculiar'topographic influence is exerting a specific
~effect, For all practical purposes the gradient may be

congidered as being continuous from East to West,

Sampling Methods,

Populations of birch are geldom continuous, sach
forming an areal unit possessing some degree of
distinctness, Isolated individuals may occur but rather
infrequently, and,where they do,it is unlikely that they are
important as genetic bridges between populations, Few
plants in Britain are absolutely continuous over their

whole range, Others again occur as individuals or



%
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small groups of individuals (e.g. Sorbus) and in this
case the problem of gene flow igs very different.

Because of this property of the specieg each
population can be considered as a unit, The sampling
methods which are used have been developed with this
property in mind,"-

Leaves, fruits, and bract scales were collected during
the first year of study (1949) and in the second year
male catking were collected in addition to the material
colliected in 1949,

During 1949, observationg of habit, and other.
charaéters not capable of analysis in the laboratory were
studied, However,habit ies such a variable character
that it is difficult to assess with any degree of
objectivity, Observation showed that all types of
habits occur in both species, therefor, no, or littlg
advantage, is gained by considering this character,

In 1949 one leaf, chosen from any part of the tree,
wae taken from each tree of the sampie, Jentys-
gzaferowa (1937) had carried out & preliminary
biowmetrical analysis of the collective gpecies
B. alba, L but this paper was not brought to my notice

till later, in this paper ((957) she discusses the
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types of leaves which are found growing on one tree

and the amount of variability within thesge different

groups, There are four types commonly encountered:
i. Long shoot leaves,
2. Epicormic leaves,
3. Catkinate spur shoot leaves,
4, Vegetative spur shoot leaves,

The leaves of group 1 & 2 occur singly while the
others are borne in small clusters of 2 & 3. The
degree of variabilitly is least among the leaves borne
of the vegetative spur shoots and greatest among the long
shoot leavés. In 1950 only leaves of groups 3 & 4_.were
collected,

The inaiscriminate type of sampling which wag usged in
1949 was found, fortunately to have included very few
leaveg which could be considered ag having been taken
from long, or epicormic shoots. (Sece fig. for a
comparigon of the mean valueg of the 1949 and L1950
samples,)

The number of leaveg in the sample from each station
varied but was always greater than 20 (except the gsample
from Station I, 1949), The size of the sample is an

indication of the size of the station, but the principle
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of the methoda was the same for each station. A random
route was selected and trees along this route were
sampled, Where the station was at the same height
above sea level over its whole extent the line of
sampling Wa$ indigcriminately chosen, If the station
covered ground where the height above sea level was
changing, the sample was collected so that trees from
all altitudes were represented in the sample, The
usual procedure in the latter case wasg to céllect
fairly generally while ascending, ithen making the main
part of the collectioﬁ descending,

Trees beafing catkins are not as common as one would
expect, especially in dense woods, Where low light
intensitieé prevail fruiting trees are confined to the
periphery of the wood, though the possibility that the
other trees are capable of bearing catking in their higher
branches must not be excluded, A sample of catkins is
not therefor random, because it is confined to those
trees bearing catkins, bearing catkins because of their
being exposed to more favourable habitat conditions,

In very large populations the sample of catkins will be
representative of the genotypes present in the population,

but in small populations chance will play a large part in



An example of an impression (natural size) obtained

by BFing the method aescribea in the text (opp).
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deteiwining whal trees (hence genotypes) occupy the
cituationeg feavourable for reproduction,

The quantity of catking, that being & meaéure 01
reprouuctive capacity, varies rrow year to yecar, but
nol neceggarily in the csne way for each po,pulation.
Table III givee the number ol cacukine coliected in the
two years ana St, 17 is noticeably different from:.
all of thc others,

The leaves were not retuincew ag such, but as
impresgions, since impreseions are casier Lo handle,
anu less likely to be jost, The wethoa of making
the impresgion ig;-

1. Place the _.eaves on a hard surface,
adaxi&l surface uppermost,

2. Cover with a gheet of carbon paper,
popying eirface lowardsone,

3. Pluce a piece of paper over the whole
ana rub over thu position of the lecuves
wiivh a pencil (the type useu by
Joiners is excellent),

The reproduction oblaineu irow the carbon image
(see photo,) is good enough to measure such

attributes ¢ ghape, size, venetion, ana in very



favourable cases wartiness and hairiness, Using this
method it is posgeible to store large numbers of 'leaves!
conveniently both during and after field work.

The catkins were kept separate, in seed envelopes
till arrival at the laboratory, and then an image oi a
bract and a fruit from the.middle region of the catkin
wes obtained using a photographic enlarger, All
measurements were made on thig image.

In 1950 a coilection of wmale catkins was made in
order to try to obtain some data concerning meiosis,
Examination of the male catkins in 1949 showed that
the pollen had been formed at the time of collecting
but in 1950 meiosis was Just taking place, This was
surprising because the 1950 collection was taken at
the came time as the 1949 the actual dates being:

1949 August 15th - 27th
1950 August 15th -~ 20th,

To overcome the difficulty of treating cytological
material in the field, fixatives, in which the material
could remain without injury were chosen, The two

types of fixative used were Muntzing's modification

20



of Navasghin'es fluid and Allen's'P.F.A. 3.

The male catkins were immersed in the fixative as soon
as possible after collecting, They remained in the fixative
till the completion of the trip and were treated in the normal
fashion, with a congiderably longer period of washing, on
return to the laboratory, The long time of immersion in
the fixative did not seem to have any adverse effect on
the cutting qualities of the material, but the fixation
image was not perfect, the chromosomes showing that condition
known as 'stickiness!'. This is probably causced by the

fixative!s not penetrating with sufficient rapiaity.



The Determination and Distribution of the Chromosome

Races.

The only complctely satisfactory way to establish the
digiribution of the chromosome races is to study the plants
in their actual localities, getting the root tips from
the field, This is stsible with the gmaller herbaceous
plante (where also it is possible to tranegport the plants
to the experimental garden), but with tﬁe larger woody
anglosperme several difficulties present themselves,
viz, 8. It ig difficult to ascertain the organic

connection of the root selected with the
tree selected,’

b, In the field mycarhiza is univérsally

present,
C. It ie not poseible to transport the plants

to the experimental garden for further

studiee, |

The only alternative which offers itself in such

circumstances is to progeny test a certain number of
selected treeg and thie test will establigh the chromosome

number of the parent,

Tor meiotic studices male catkins were collected and



fixed in the field, but this is hardly the best way
of dealing with the small chromosomes of birch which
are diffiocult to handle by normal techniquesg,

Where guccesesful, meiotic preparations are more
revealing than the gtraight determination of the
chromosome number, Preliminary studaieg of the
chromosome number are impoftant to be able to assess
the full implications of the meiotic figuree,

Fruite of birch were collected each lot being
kept separate. Ten fruits froﬁ each tree were
allowed to germinate on 1% plain agar, As soon
ag the radicle was prominent the whole seedling was
fixed in Muntzing's Fluid for 24 hours.

It was found that the rate of germination
could be sgpeeded up if the fruits were subjected to
cold treatment, Joseph (1929 ), working on American
species of Betuls, found that stratifying the seed
enhanced the number of seedlings obtained when
germinated at normal temperatures, This technique

doeg not induce germination,merely speeding it up.,.



During the first year of study this procedure
was employed, but in the following year rather than
adopt this time consuming method, it was preferred
to germinate the seed at a higher temperature,

Thie is Jjust as efficient, gincewall seeds.containing _
embryos, which are going to germinate, will have
germinated by 7 days.

The geeds were germinated in a mycological
incubator set at 24°C, and thus were kept in the dark.
Sarvas (1950) showed that exposure to light increases
the rate of germination, but that there is no difference
in the final numberg of seedlings obtained from treated
and untreated seed.

The fruit of Birch is a samara and it is rather
difficult to separate the true seed from the fruit,
go the fruit ig used in all instances where the
seed is normally employed cf, the caryopsis of the

Gramineae,



There is no difficulty in getting fruits
containing fertile geeds to produce seedlings, but
what is surprising is the large number of geeds
which do not possess embryos. T'requently, there
are more seeds with no embryos than with embryos.
Very occaéionaliy both ova are fertilised and two
embryos mature, giving rise to two geedlings on
gerﬁination.

This sterility is so frequent that it presents
a problem of the first magnitude, Is it genetic
or is it delermined by external factors ? McVean

(1952) working on the alder, Alnug glutinosa, is

studying a similar problem from the egological aspcct,
He is not decided whether this condition ig caused
by unfavourable climatic conditions, u,
a., At the.time of .pollination.
or b, Between pollination and fertilisation,

Alder flowerg much earlier than birch and the time
between pollination and fertilisation is more prolonged,
There ies therefore a longer period of exposgure to

inhospitable climatic conaitions,



26,

A solution of the problem ae to whether thie sterility
ig determinew by intrinsic or extrinegic factore wilw
only be forthcoming when controlled crossings are
performed, but the abortlion of anthers and other cyto-
logicalkvidence (see pp. 32 & 32) tend Lo make me think
that this character ies cetcrmineuw by intrinesic factors,

in the final anadlyeigs, genetic,



1949 ~ ‘ 1950
5t. Fertile Sterile Total Fertile Stérile Total
1, 6 7 13 18 4 22
2. 13 5 18 3 5
3. - - - 2 2 4
4. 8 8 16 9 16 25
5. 6 10 16 6 13 19
6. 3 b o 9 0 9
1. 5 8 1> 7 15 22
8. 14 2 16 5 20 25
9. 8 8 16 8 9 17
10, - 4 4 2 3 5
1L, 12 4 16 9 25 J4
12, 15 1 16 2 48 50
14, 1l - 11 6 36 2
15. 8 16 5 32 21
16, 4 3 11 9 20
17. 15 1 16 - 3 3
i8, 14 2 16 19 6 25
19, 8 3 11 3 11 14
20. 15 1 16 13 18 31
21, 8 7 15 2 3 e D
22, 5 2 18 3 21
23. 11 5 16 15 6 21
24, 14 2 16 13 6 19
25, 4 4 8 27 1 28
TOTAL 207 98 305 212 294 506
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Table [ll. gives the total number of catkins collected,
those which were sterile and those’ which were fertile,
While the number of fertile catkine hag not increcased
with the larger coliection of 1950 the number of catkins
bearing sterile seeds hasg tripled, but this does not
seem to be a difference in the ratio of fertile to
sterile but an increase in the number of catkins which
developed fruite without the sctimulus of fertilisation,

Flowering of one tree occurs over a period and it
is likely, if climate ig the deciding factor of fertile
gseed production, that some catking on a tree would show
the effecte of inclement weather, This doeg not occur,
and obegervationg on the nature of the seeds from a
gingle tree show that all are uniformly good or bad,
Generally trees with many catking are found to possess
a large number of good seeds, those trees with few
catking are usually bearing fruits which contain seeds
with no embryos.

It appears that the development of fruit is
independant of the stimuius of fertilisation, The
fruites which do develop in such céses are smaller than
normal, in a few instances o small as to. be obviously
defective but in most instances they are quite normal

in regard to their shape,
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Another issue which will affect the spread of genesg is
whether or not birch hag magl years as do other forest treesg
e.,g. beech, If a mast year coincides with a year cuitable
for the establighment of seedlings, the genotypes which
survive may not be the came ag would have reéulted under
normal conditions,

(For further discussion on these points see p,42)

To continue, after this brief parenthetical discuscsion,
the seédlings were fixed in Muntzing'!s Fluid, wasghed, dehydrate
infiltwated, and embedaed in the usual way (see Darlington and
La Cour p.123 1947). Sections &ere cut at 10)u,stain@d in
Methyl Violet 2B (0.1% solution for io ming,), differentiated,
and mounted in a neutral mounting medium (for further details
of cytological technique gee Appendix).

| To obviate the tedium of sgection cutting,squacsh methods
were tried but only recently with success, The stancara -
schedules vo not seem to be guitable with the material which we
are stuaying. Differentiation is not as gooa ag could be
desired but interpretable results can be obtained using Acetic
Lacmoid (Darlington and La Cour 1947).

Meilogls waeg studied in gectiore cut at lo/kand stained in
Methyl violet 2B,

Table IV shows the distribution of the diploid and the

tetraploid races,
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The number ol dip.oideg which nhag been found is esmaller
than one woulw have expected wnu on y one station (1) is
compoged entireiy of the dip oid, One diploia has been
found wcet of the watershea though others no doubt occur,
Accoraing to the aiagnegis aliorded by morphological
characters, trees belonging to the diploic race occur
frequently to the weset of the watershed, Oniy two
stations east o1 the water hea abe composew entirely of

the &&fd&&& teotraploid, anu as has been remarked station 4

ig not churzcteristic ot the wistrict, The other,

Station 7, ig so piascew that it ig in the srea o. lrunsition,
In this very fiuid region there are likely to be

populaiiong of teirapioids, anu mixea populationg of
tetraploias and aiploide with the latter forming the main
body of thc¢ population, There are no cytological

data for Station 10 and thue particular intcrest which

thie gtatio.. holas for ue is that the majority of the

trees approach the aiploid, as far as porphological character
are concerned, ana a smali number, those bearing catikins,

are morc gimilur vo the tetraploid, " Because oi the
abgence or suitable mitotic figures & count oi the

chromosome number of this station is not available,
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The two cytological raceg of Valeriana officinalis

have been chown by Skalinska (1947) to have edgological
preferences, The higher octoploid is the mofe
widegpreaa anu can to.erate more adverse conditions
than the tei{raploid. It secmag that the tetrao.oid
birch, which has nolt been proved to an autopolyploid

of B. verrucosa but mercly a plant with twice the

chromosome number of this gpecies, exhibiting
morphological charactere which are a continuation

of thoge Touna in the warty birch, ig also more‘toierant
ol extreme conditions, With the valerians it seens
that the Lwo races belong to the zame gpecicsbbut
diverge both ecologically and cytologically, the

Tformer probably a concommitant oi the latler, Proof
that that the tetraploia birch is an amphidiploid has
not been obtained but the evidence which Jdmsson has

accumulatec geems to indicate that B. pubescens

only contains the verrucosa genome twice,

In the bircheg there are no species with a chromo-
number of 14 (i.e, ghaploid number of 7) but in the

relatea Carpinus betulus the haploid number is 7T,
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The loweet haploic number that hag been found in the
birches of the north temperatc zone 1g 14, but the
presence of the lowerc number in relateu genera, and
olher evidence tenas to support the hypothesis that

the beagic number oi the genus ie actually 7. This
argument is without absolute prooil since the ancegtral

14 chrowmosome member of Lhe genus has not been found

ana may be extinct, This woulu mean that thc uiploids
occurring loday are in reality tetraploids which because
of their long existence ag plants have become o balanced
that they beheave as normal diploids, A similar
csituation ie seen where an emphidiploid (which ishreal.y
tetraploid in ite chromosone complempent) .remaine after
its parental tygeﬁﬁave become extinct, This hae

been usew by Johnsson (1945 ) to explain the parentage orf

B. pubescens which is thought to have haa uwe one ol itls

parents B, verrucosa and some other 28 chromosome birch

vhich is now extinct (or so rare that it has not been

discovered), Marnton [1950% uees similer argumenygs

to explain the polyploia gerieg in the Pteridophytes,
In oraer that a succesgfula mphidiploid can be p

produced it is necegsary that the contributing genomes
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are not only sufiiciently closcly relatea to aliow

their aclting as a unit but also divergent enough Lo
prevent thg formation of aberrant figures at melosis.
The exact relationships between thce genomes hag never
been determined, There is the poggibiliiy that
genetically isolated races ol the swme gpecieg wmay be
sufiiciently aivergenl in their genetic make up to aliow
of the iformation of thie new type, I think that

B. pubeccens has arisen irrom the crossing or two

distinct genetic races o1 the game gpecies rather than
ag he regult from the hybriaisation oi two specieg,
Within the two cytological raceg, genetic
difierentiation, as measureu by cytoiogical evidence,
though not by morphological aivergence, has been markea,
Meiotic stages (see Plate 1I) show thal therec have veen
translocations, witnese the iorméation of ringg, and
inversgiong, proff ol which ie obtaineu by the precence
o+ chromatic bridges ana the climination of acentric
fragmente, @n both the aiploid and tetraploia races,
In the diploid, quadrivalenfs have been seen, but in the
tetraploia no larger ascociation than thie sewums tb
occur, except rings, The presence of quawrivaients

in the uiploid is evidence that the gets of chromosomes
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making up the genome of 14 chromosome have not become
gufficiently divergent to allow of abgolute separation

of the originally homologous chromosomes, '~ This is
evidence that the basis number of the genus is in

reality 7 and not 14 as has been commonly thought. As
well as the more usual aberrations of meiosgis there are
present in a large number of instances other anomoloué
features not normally connected with the process. There
igs frequentiy the extrusién of large amouﬁts of chrewmatic
maeterial and always the extrusgion of the nucleolug into the
cytoplasm, This latter feature is not rare and occurs

in other groups of the plant kingdom (cf. Olive (1950) ).
One feature which may be of some importance is the
abortion of the anther at some stage prior to the
formation of the spore. There is no evidence
suggesting the exact time of this abortion but it probably
occurs at a pre-meiotic or very early meiotic stage. I
have quoted this (see P. ) as evidence of the unbalance
of the diploid set of the particular individual ghowing

this feature, but further work on this very important



point ie necessary before one can be sure of the
exact implication of the phenomenan, No unusgual
associations of tetrads have been observed, It
would be expected that where there ig o mugh
cytological aberration in the course of meiosgis that
there would be the formaﬁion of micronuclel and
'tetrads! congisting of two, three and five or more
members. Such structures have not been sgeen,
Some obviously dead pollen grains have been seen
but they were members of a normal tetrad, at least
normal in that it contained 4 spores,

The large degree of cytological divergence which
hag occurred would explain the sterility which has
been encountcered in the =eed of the trees, If
unsuitable haploid sets come into contact through
the pollination of a female flower by a male spore
which ig¢ highly different from the spore contained
in the ovule then sterilty wouwlad result, In
plants other than alder and birch (and the Gymnosperms)
thig condition would not exiet since there is almost
immediate fertilisation of the ovum from gametes
produced by the spore, since more_ than -one.polien grain

can be « potential contributor to the zygote and alternativ



chromosome arrangements arc availabie, In the plants
mentioned
/there is a resting period between the time of pollination
and the fertiligsation of the ovum, The initial stages
in the development of the fruit proceed with the
stimulue of poliination, and no doubt terminate, but
fertilication is only possible with the gameétes which
are present at the base of the gtyle, If these
gametes are not compiimentary to the female gamete there
are no otherg available to allow a normal fertilisation
to take place. It would appear from the data on the
table that the formation of viable zygotes can proceed
if one of the parents isg not too highly aberrant,
It ig usual to find that there is either a sufficiency
of good seed or that the seed contains &%k few
embryos (less than 10%).

Self fertilisation would provide an egcape to this
difficult and biologically adverce phenomonen,'but
gince birch is monoecious and protandrous (but see
Jenfys—Szaferowa (1928 ){p.73)), the chance of =elf
fertiligation is slight, disregardiné any genetic
system which may be present to prevent its occurring,
Woodworth (1930) showed that parthenogenesis occurred

in Alnus rugosa, and more recently Larsen has produced

a triploid alder which ic apomictic, and it may be that



Betbtula ig approaching a condition where one of the more
gsatisfactory methods of overcoming the heterogenity of
chromosome complements would be the adoption of some
apomictic method of reproduction, But this would not
only provide a biological escape to this uncompromising

gituation but also the road to an evolutionary cul-de-gac,

However if sufficient polymorphism exists within the

species at the time when this occurs, there will be enough
aiversity to allow of further selection, once
equilibrium has been réaehed,evolutionary stagnation sets in,

No triploids were found in the seedlings which were

examined, If hybridisation between B. verrucosa and

B. pubesgcens is a frequent occurence there ghould be

proof of such hybridisation in the presence of triploids
in the progeny of the trees which were gampled,

Triploid birches have been found by Helms and Jorgenson
(1925), Johnesson (/944 ), and LBve (rga#b), and in all

caseg the morphological features of the triploid were
closer to the diploid than to the expected intermediate,
In some of the cases the features were thoze of an
exaggerated diploid, Johnsson ig of the opinion that

the triploid has not arisen as the result of hybridisation

but by the fusion of two gametes of B. merrucosa one of
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which is unreduced, This would explain the resemblance

of the triploid to verrucosa and the absence of any

feature which one might suppose would have resulted from

the fusion of a verrucosa with a pubescens gamete,

In the area examined,triploids, formed by hybridisa-
tion, could only be formed in the transition area between
stations 7 and 12, where there appears to be a
cohabitation of the two species, If the method which
Johngson describes is that which is actuaiiy operative
in the field, then the triploid will only occur in the
extreme ecagtern helf of the sampling area. The
stations 2, 3 and 6 form a group where the communities are
g¢till young and are thus ih an ccologically unstable
condition, The problem here is one of ecological as
wel. as genetical replacement, This ecological
replacement takes place at a rapid rate and ig radically
difrferent from the process of gene Tlow, It will only
occur where there has been some change in the climate,
Such a change took place at the end of the Ice Age and
there haé been a number of such changes gince then,
Recently Sefett (1943 ) claims that there is an

ameliloration of the climate of Europe taking place at
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the preesent, Thie would &account for thc migration
of specieg, ag gpecles in the countrieg ol Turooe are
aoing at the present time; birch will be no exception
o thie.

Ecological replacement will always be directioneal,
anu can never, even under theoretical conditions, be
rendom and normad, Gene digpersal ilg theoretically
normal but seiection ig superimposed on thie system,
Thieg eselection wil. appear to be uirectea because ol the
gene coferring on the bearer some celective aavantage
(if the gene confere on the bearer a negative selective
value, it wil. not survive) and will thercforc follow
some ecological (external) iractor, This selection will
n
not be the same as ecological replacement,

Schmucher (1942) shows B, verrucogsa anu B, pebesceng

ag having & very eimilar range of distribulion with the
latter being the more widely aistributed. The
interegting feature about Schmucher's maps is that the
whole of Britain is incdiuded in the distributional

area o. both gpecies, My own
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observations show that the diploid is rare in the Weetl
Scottish Highlands, This ieg in accord with the
general inference which can be drawn from the maps, i.e,

B, verrucoca ig the legs hardy and is not so wide

ranging as the tetraploid, Hagerup (1933 ) chowed

that within Vaccinium there are two cytological races,

the one of higher polyploidy being the hardier.

Loyve {1944a) in hie studies of Rumex subgenus acetosella

came to the conclugion that polyploidy alters the
physiology to as great an extent as the morphology and
with Rumex the octoploid was the slowest growing, and
haraiest, This general rule, is not without exception,.
Numerous instances are known where the reversge is the
case, i.e¢, the diploid is th@'hardiest.

It has been shown, rather by inference than experiment,
that crosses within the members of the same cytological
races are not universally successful, What evidence is
there to suggest that crosses between the {wo distinct
raceg will be succeggful ?

Morgenthaler (1917), and Gunnarson (1925), have been
foremost among thoge who claim that the polymorphiem

within the collective speéies B. alba 1., is due to
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hybridisation between the subspecies (or species) of the
species, There is a continuous morphological gradient

from that supposedliy representing the type B, verrucosa

to that of B, pubegcens and beyond e.g, to B, tortusa

LA -S4
—

l.ed. and B. carpatica Wald, & Kit,

Are there two types which have given rige to this
heterogenous agsemblage by crosging and back crossing
or is the variation the regult of some other process ?
Helmes and Jorgenson were of the opinion that the
triploid which they had found wﬁs the regult of a cross

pubescens X verrucosa. Because of its inability to

proauce seed it could not maintain itself as a triploid
but though possessing seed gterility it aid not possess
pollen (hence gametic) sterility, They did not find
any tree with a chromosome number intermediate between
n 14 - 21 but they did find some (5) with a chromosome
number between n 21 - 28, The conclugion they reached

was that the pollen, n 21, could pollinate and fertilise

B. pubsscens. The resulting back-crosses are almost
indistinguiehable from B, pubescens except on cytological
examination, The peculiar aspect of this is that the

original hybrid would have been assigned to B, verrucosa
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by a competent taxonomist though the backcrogses do

not possess any character which could have come from

the B. verrucosa. This seemg to confirm the
contention of Johnsson that the triploid ie not hybrid
in its origin,

Jentys-gzaferowa (1938) attempted to prove the
impogsibility of indiscrigéte hybridigation by an
analyeig of the types of pollen which were being
releaged each day during the period of anthesgig of the
birch, She wae not trying to show that there was a
physiological or genetical barrier to crossiﬂg?ﬁerely
the physical eseparation of the species by their
flowering at different times in the spring. Size
is not a good criterion to usge in determining the
asgocilation of a separable plant organ with some
known type of plant, for, unless the ranges of size
are digjunct they will form a continuous series, The
pollen of birch falls into thig latter category.

Some qualitative character, if available, is a much
more reliable indicator of origin, The frequency

distributiong which she obtained from pollen
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collectiong were divided subjectively, into two
constituent normal curvesg, with their means of
gampleg of known types, To overcome some of the
shortcomings of this method large numbers (over 100)
of grains were used, Where approximately 100 aid
not occur the geparation of the curve into ite
constituent parts was not effected, The recasoning
behind taking the large numbers is that there is
lege chance of the digtribution obtained
experimentally, differing.from that which would be
obtained from the combined data of itwo theoretically
normal -curvee,

The conclusion reached was that B, pubescens

flowered about 12 days later than B, verrucosa and

gince pollen of B. pubescens was not available to

pollinate the stigmas of B. verrucosa the hybrid

wag formed from the cross pubecscens X verrucosa,

Thie is because the time of flowering of B.verrucosa

extendes into the timec when the other epecies has
started to flower, From her calculations she came
to the conclusion that the Forest of Wola is composed

of 56%, 40% and, 4% verrucosga, pubescens, and hybrid




regpectively.

She uses her conclusions to explain the situation
at Maglemose where the first known hybria birch. was
found, The hybrid tends, and this ig an assumption

of hers, to approach B. pubescens in its time of

flowering, so the hybrid pollen is available to
pollinate the later flowering species, The back
cross will have a chromosome constitution somewhere
between 21 and 28 (in khe haploid state), This is
approaching the condition of introgfession (Anderson
(1949 ) ).

Another important obeservation of Jentys-Szaferows
ig that the time of flowering is the gsame more or less
for the individuals of the one species in different
parts of its range. I cannot confirm or deny this,
but there is a congiderable difference in the time of
flowering of individuals of the same species which are
situated clogse by each other, The separation in the
times is as much as 4 or 5 days.

Can the conclusions of the above authors be applied

to the Scottish birches %



No triploids have been founa in nature or in the
progeny tests, Thies ies an indication of the purity
of the two cytological races, If genes of one can
be introduced into the other the process must be
something other than that normally associated with

hybridisation, If diploid gametes of B.,verrucosa

are formed there ig the possibility of their
fertiiising the tetraploid's gametesgs, Thé resulting
zygote will have the same chromosome number as a
zygote which has been formed from the iusion of two

normal pubescens gametes, Here is one way in which

introgression can proceed, Unfortunately it cannot
be detected by any method, and if Johnsson's presumed
parentage of the 56 chromosome type is correct the

progeny of such an hypothetical cross as that outlined

above will have three verrucosga gemomes in its make up.
Johnsson ( 1%5) tried to produce-the hybrid experiment-
-ally but was remarkably unsuccessful, I have not
had sufficient time to attempt controlled crossings

or manipulation of the genomes to use the conclusive
evidence of such éxperiments in an understanding of

the structure of the local birch populations, but

work is in hand to remedy this very serious omdssion,
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In the Central Highlandg of Scotland the cytological
races of the birch are not only separated genetically
but also epatially, There is onlyua emall area of
overlap, probably less than it appears from the results,
This is due to the abnormal stations 2 and 4, particularly
the latter, The diploid is confined to those areas
where there is a specific evaporation/ﬁrecipitation ratio,
The principal factor determining thie ratio is the amount
of rainfall, Superimposed on this major factor there
are local edaphic factors which will alter the main
sequence of the trend, gtation 4 is the best example
of thie, since it is in an area of internal drainage and
this has regsulted in the formation of a raised bog in an
area where the evaporation/preéipitation ratio does not
normally permit the formation of such communities,
Station 2 is also fairly wet, as can be seen by the
agsociated types which are presgent in this station

(e.g. Comarum palustre),

The diploid is confined to those areas where the water
balance is low, If the contention of Serfert is correct
the diploid should be expanding at the expense of the
tetraploid but there is a fuller diswussion on this question

on p, 10Z e «q.



Biometrical gtudies of the Leaves,

Leaves have always been used as indices of specific
relatio&ship apd though they are subject to the
influence of external agents they are usually taken as
being characteristic of the plant. Unfortunately,
texonomic degcriptiongs of leaves do-not lend
themselves to trgatmgnt by statistical methods, It is
difficult td find a single.measurement which can be
used to clasgify leaves, but if such could be found
it would enable leaves to be compared with much
greater ease,

Length, breadth, and point of maximuwm breadth
and ratios of these have been used in the cataloguing
of the leaves of birch, Some of the abdve measurements
relate to size and others to shape, It has been
shown that gize and shape are independent of éach
other, and it is iherefore admissible to trealt each
separately, but exception to thig is geen in the
smallegt leaveg of thé fertile gpur choots, Shape is
an attribute of the lgaf which is legs likely to be

affected by any variation of the external factors than
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size, go most of the findings have been 6btained Trom
the shape of the leaf rather than variatione which have
been obgerved in the size.

The rhankoldal shape of the birch leaf is best
measured by considering the pogition of the widest part
of the leaf blade, - The index Whiph has been used
hags been derived from the rationof the position of the
widest bart of the leaf blade to the length of the
leaf measured along the midrib, After considering
the ratio. of the length to Breadth it was decided that
this was not a fr&e measure of the‘shape of the leaf,
it does not need complex mathematics to show that two
leaves each of length a and breadth b can differ from

each other yet‘be classgified in the same group e,g.

/N
B

-

.
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Qbviousgly 1 differs from II,

Another feature of thig ratio is that many shapes
and sizes can be represented in the same class,
Leaves possessing the measuremente 12/6, 10/5 and
6.5/3.25 are all graded together‘though it ie possible
that they belong to vastly different natural groups.
To try to make the categories more exclusive by
multiplying by another measure of the leai only leads
to still more wmultiplication of indices,

The ratio x/y in the diagram below is a ratio
which ig not capable of falsifying the clasgseg of
shape, and sgince gize and rhape are independent gimilar

values can be groupecd in the game class,
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Other features of the leaf which might be capable
of clasgification were found to be incapable of
objective measurement and were discarded in favour of
the more real classes obtained from measured leaves.
Sﬁch characters as hairiness, wartineses, venation, and
the marginal dentation vary considerably in the populations
of Scottieh birch but the amount of variation is g0
great within a pepulation that it is inadvisable to
study«euch characterg till the inheritance of them is
known,

Morphogenetic studies on the form and gize of
leaveg have sghown that leaf shap is controlled by
fnternal and external agencies (Ashby 1950), (Ashby-
and Wangerman 450 ), Goebel (1898) described the
development of leavee as being heteroblastic, if the
leaf form changed as the plant aged. He implied
that the shape of the leaf was a function of the age
of the plant, If no such changes took place the
development was termed homoblastic,

In the tree gpecies heteroblastic development ig

to be expected and a study of the leaves of the long
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cshoote, epicormic ghoots, and prolectic schoots indicates
thaet these .eaves foliow & course of development

gimitar to this, The leaves of the awarf shootls

ao not, as would be naturally assumed, follow this type
ol development, The dwary shootl is a perennia. organ
and the leaves are borne in clustersof two and three,
clustecres which arise &t the game level on the dwart shoot,
The leaveg o. the gterile wna fertile awarf choots
differ, but the difference is caused by the variation in
the eize of the two types or leai, the smaller, on the
fertiic dwarl{ shoots, being reiatively longer than broad,
ana having & point oi maximum breadth nearer the centre,
The aevelopuient or leaves on the fcrtile dwarf shoots
ceems to be either normedi or very abnormal, lhe iarger
~eavegs weing wamost the game shape as thoge or the sterile
awerl shoots. Jentye Szaferowa {1937 ) aavanced

the theory that the presence ol the catlkin in sowme way
allecteu the nutritional balance of the averf shoot

“eo0 thatl the icaves whicha evelope are nol normal,

Since the larger leaves o1 the fertile dwarf shootl are
normel it eeemes that the Tactor which is preventing

the normal growth of the leaves ig the chortage of water
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to the developing leaves, (compare this with the
experimental findings of Ashby).

Among the external factors which are thought to
inflluence the shape of leaves there are;-

2., The water relationg of the plant and the habitat,

b, The length of day. |
Since the collectiong were taken at the same latituce
the day length is the same for all the gamples which
were collected, This factor can be digregarded as
causing any of the differences of shape which is found
between the gtations, There are marked differences
between the water relations of the stations if only the
rainfall is congidered, but, as we have geen, there are
other factorg which can contribute to this very nicely
edjustea gysteu,

The morphogenetic responses of leaves ceem to be
large ana easily observed whereas the genetic
differences controlling leaf . shape are of gmall order
(except such caseg gimilar to the mutation OKRA in

Goséxpium hirsutum @ut@hiﬂSQQjol334l ).

Ladmiated types of leaves are found within the genus

Betula and a study of the forms with this type of leafl



hag been made by Saarnijoki (1946), who examined

B. dalecarlica and B, urticifolia, the latter

belonging to the 56 chromosome group and the former
to the 28 chromosome group. In addition to examining

B. dalecarlica Smarnijoki looked at others which are

included in the B. verrucosa complex, Though the

appearance ad these types in any population is rather
spasmodic they are fairly common-in the Scandinavian
countries and one can expect them to occur in Britain,
None has been found in the populations which have been
examined by me, and I have geen no reference to their
being present in the British Icles, The expresggion
of this character is not very absolute, the range of
variation which is found in the one tree agreeing with-
the taxonomic description of many of the go called
species, It is pogsible that those types of leaves
are controlled by factorg which operate in a similar

fashion to the Qkra series of genes in Gossypium,

The assessment of leaf shape was carried out with

the idea in mind that the shape of the leaf is less

liable to the disturbing influences of the external
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environmenﬁ. It is necessary to try to get a character
of thig nature gince the gtudy of the variation was not
undertaken in the same way as that practised by the
otheré interested in the field of experimental taxonomy,.
Many factors must be congidered in the studying of the
variation in a species and with the trees there ig the
overriding problem of time, * Time taken to complete a
generation, time'taken.to become establisghed in the
experimental garden, and time taken to reach the stable
stage after the initial seedling period, Other
attributeg of the leaf are certainly worthy of further
gtudy but until it is possible to get the wvarious:
population established in a plot where the conditions

of the environment are the game for all, the measurements
which arc taken will be of 1ittle value,

Leaf size is such a factor, It ie easily measured
and it is obvious that there is considerable difference
in the gtationg which were chosgen for examination,
However there is marked difference within each population
but trends can be seen,noticeably the eifect of extreme
moisture, Station 4 has a mean length and breadth
much lower than that of the others,

Size can be measured by taking the product of the



Fig. 3.

Scatter aiagraiii ox ieoi sixe plot Leu against teaf

shape. Note the lack ox correlation.
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length and breadth, and dividing by two. The diagram
below illustrates this much better than any description,
The @wall descrepancieg introduced by the outlines of

the leaf not being straight can be disregarded,

s

DA - 5 AB.Co
A QDB * 4 AB.OD.

1

D.oanceB + A ADB - 4 AB(cotom
. o

ie. ACBD -~ 4AB.CO - 7

i onec q{ﬂm&.

Fig. 3 <chows the scatter diagram of leal gize
‘plotted agéihst leaf shape for some of leaves, From
the manner in which the points are distributed it is
obvious that there is no need to complete the diagram
by taking all the values that have been obtained, It
can also be seen that there is no necesgity of finding
the statistic r it being obvious that there ie no

correlation,
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Figes., 4 and 5 show the distribution of length

and breadth and the ratio length ;

breadth in the
stations which were sampled, Thig 'graph' is only
an idealised pictorial representation of the
numerical data presented in table because the
gstations are ﬁoﬁ situated such that they form an
arithmep@&c series, hoﬁever i£ enables vs to
comprehend the trends, at a_élance. | 'All graphs
where the‘stations:form;the scale qf the absgdissa ar
of this tyﬁe and represent no more than an easy way
of summarising the data, Tven though the graph
is not mathematically correct we can see that the
absolute measurements of length and breadth, and the
ratio length ; breadth will not be of use in
correlating leaf characters with Fhe cytological
race.,

Fig.6shows the distribution of the size classes
of length : breadth ratios for the year 1949,
There is no obwvious departure from normal and the
slight skewness which.is present could easily be
attributed to the class intervals which were

selected, If the above is compared with fig,7

25,

e



where the distribution of the leaf index is ghown,
it can be seen that the latter is measuring a
population which consists of two types differing
from each other by possessing different mean
values for the one character which forms a
continuous sequence when all the individuals are
congidered, We know that two such types exist,

it is rather a fortunate accident that the
diplold does notl occur in a frequency greater than
that in which it is actually présent, for it is
possible that the distribution, if the proportions
were in the region of 50 : 50, would more nearly
approach nommal, so masking the compound nature
of the population, if the other fact were not present,
viz, the data obtained from the cytological
examination, As it is we know that the population
is composed of two types and the morphological
evidence supports this (see also figs. 8 and pp.66&71)

In the above measurements there is no need to
distinguish between leaves obtained from catkinate
and non-catkinate shoote gsince the gerieg is

continuous, There is a tendency Tfor the !'fertile!
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leaves to be relatively longer than fhe tsterilet
leaves when they are coupared with their breadths,
i,e, the ratio length : breadih is larger, They
also tend to smaller than the 'sterile' leaves,

How far ie the index which has been used in
the measurement of shape a taue indication of the
shape % Qther characters of the leaf are also
varying along with the alteration of the position
of the widest part of the leaf blade, Most
noticeable among those other characters are the
bagal and apical angles, It is futile to measure
these angleg since they are determined by the
position of the widest part of the leaf, The only
other attribute of the leaf which can affect these
angles is the absolute breadth, I can see no way
of including this into the one measure which could be
easily handled. The diagram below ghows the way
in which the movement of +the line AB (line of
maximum breadth) can effect change in the apical and
bagal angles, As the line AB moves towards X,

the apical angle increases and the basal angle
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decreases, On moving towards Y the oppogite happens,
Changes in the absolute breadth modify the rate at

which this takes place,

‘There is the tendency that as AB approaches Y its
length increases, so ingreasing the basal angle at a
greater rate than if the breadth remained constant,

With this premise we can take it~that the ratio
length ; point oif maximur breadth is the best measure
of the shape of the birch leaf,

It is neeessary to show that the measure that we

have chosen is capable of discriminating between the
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two cytological races, knowing that the individuals
chosen belong to the different races, 100 leaves
from a diploid and 100 leaves from a tetraploid (the
diploid was obtained from Corstorphine and the
tetraploid from Péliokshaws) were measured and the
difference in the means tested for significance,

The difference is significant at the 0,01 level,
Fig.7 shows the distribution of the values obtained,
The differenée is marked but to only consider
intergpecific variability, without assessing the
amount of variation within thé species, would subject
to doubt the conclusions drawn from the main body.of
aata, Intraspecific variation wags tested and it
wag found that if certain types of diploid were
selected it is possible to arrange the members in a
graded series with the members of the tetraploid,
There is no significance between the values of the
meang of adjacent‘members in this continuous

series, This much can be learnt from the above;
any division which is made is wholly subjective

and carcful manipulation of the data will allow

this division to be substantiated by statistical
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TABLE, V

gtation, Leal Index,
1949 1950 1950(sterile) 1950(fertile)
1, 3,12 3,49 2,97 * % 3.74
2. 344 3.21 3,14 3,54
3. 3,34 3538 3,32 5.82
4, 5,06 4,01 5,60 ¢ ¥ 4.55
5, 4,30 4,34 4,39 4,30
5. 5,52 >, 40 5454 3.79
7. 4,21 4,18 4,06 * ¥ 4,59
8. 4,12 4.2l 3,85 ¥ 45
9, 3.83 4,01 j.82 * 4,57
10. 2,96 %X 3,37 5,09 % 4,57
11, 4,54 4,20 4,17 4,21
12, 4.31 4,40 4 .06 4,53
1%, 4,07 * X4 40 4,52 444
15, 4,51 4,00 4,19 4.24
15, 4,14 3.8 3,71 * % 4,37
17, 4,42 ¥ ¥ 3 g9 5,85 % 467
18. 4,36 4,49 4,04 4,57
19, 4,05 4,12 4,06 * 4,56
20. 4,29 4,42 4,41 vy
21, 4,09 4,20 4,21 Y
22, 4,09 4,57 4,19 4,39
23, 4,16 4,22 4 .06 4,59
24, 4,19 *X 4 sz 4,30 X Y 4@
5, 4,34 4.28 4.15 4,42

X * gignificant at the 0,01 level,
* gignificant at the 0,05 level,
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techniques, The only sgtatistical method which was
regularly emplgyed was the test of significance
between sets of fiéures from two distinct groups,
Other techniques cannot be employed without there being
wrongfully applied, since the amount of variation in
the external factors of the stations doesrnot permit
of the use of any of the principles of the analysie
of variancer |

Table Y shows the mean Vvalues for the leaf index
for 1949 and'IQSO and also the values of the index
for the sterile and fertile leaves of the 1950
collection, The 1949 and 1950 figures are derived
from the total aumber of Leaves irrespective of
whe ther thej were taken from sterile or fertile
| dwarf shoots. The separation of the two types of
leaf wae W8fe because of the suspected difference
between them, but this difference is not a general
feature being present in 509 of the stations,

An anaiysis of the leaves of the spur shoots

(about 75 leaves from each type of dwarfi shoot) was

carried out to determine the efiect of position on
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the came genotype. The difference in means is
most significant, being well in excess of that
required for a probability of 0,01,

What is the reason for the relative homogeneity
of the population means ? The reasgon lies, I
think, in the unconscious selection of fertile
dwarf shoot leaves which argtnaarénku*the shape of
the sterile dwarf shoot léaves, and algo the smailr
numbér mﬁ the samples, The totals for the two
yearé do not show a great degree of difference
and those which deviate from the others can be
explained by the differencesg in the proportions
of the sterile and fertile leaves in the two
collections, This is certainly the case with
stations 10 and 17, The reason for the
significant difference in the means of stations
14 and 24 is unknown but it may be due to a
seagonal difference rather than to any other
factor, e.g. errors in the sampling,

The major trends are not masked by these
results, From fig. 9, those stations which have

low mean values are seen to be those which are
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mainly diploid; lying below the dotted line,
One gtation which is classified as a diploid on this
bagis is Sﬁation 10 and this is etill cytologically
unknown to us. This station when we look at fig,
is the only one with a marked difference in the
values of the means ol the fertile and sterile leaves;
stations 8 and 17 show thie feature to a less marked
degree, In stations 8 and 17 diploids have been.
found but the main breeding population is tetraploid
(station 9 also possess this character), The
fertile leaveeg have come from that part of the
population which is contributing to the evolutionary
potential while the sterile leaves may or wmay not be
drawn from that part of the population which is
static with reference to its being selected,
Station 10 -shows this in ite most exaggerated form,
no dipiloidg being actually collected by£ most of the
individuals conforming to what could be classed as
the diploid,

Even the fertile leaves follow the same course
but with a slightly higher mean value (cf. the lines

AB and XY in fig. 10 all mean values of fertile



leaves below AB and sterile leaves below XY coming
from diploids).

From the data we can gather that here there is
a cline in leaf index, as measured by the population
mean, running from east to west with definite
gradation from the east to the watershed (except
where a pure populétidn is‘encountered) and then
levelling out where the one type, the tetraploid
ig dominant, This variation could be considered
as clinal because the mean ﬁalues represent not so
much a change in the character buﬁ a change in the
ratio of the diploid : tetraploid. Thie is &
dimorph cline in the original conception of the
cline ,but is the concept of the cline valid where
the contributing members do not‘interbreed ?
With subspecific differentiation (whatever thieg
loose term impliesg) divergence has not proceeded
to such a stage that the separate entities,
subspecies&if you will, are incapable of limited
exchange of genes, One very important gualific-
~ation which should be added to the concept of the

cline, if it is to be applicable to all biological
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reflection of this separation. However, genetic
divergence has not proceeded to the extent that
the taxonomic units are incapable of breeding

together,
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Biometrical Analysis of the Catkin Scale,

- The catkin ecale, or bract, as it is sometimes called,
ig one of the most variable characters of birch ana as
gsuch 1t is used to distinguish the wvarious leaxonomic
divisions, The ghape of the scale does not lend itself
to eagy meagurement which can aliow one figure to
represent the.whole shape, - The most satisfactory index,
inaicating the shape,is triégﬁetric and not arithmetic
but the figures still aliow comparisones to be made,

A bract was selected from the central third of the
female catkin under examination, placed in the negative
carrier of a photographic enlarger and the projected
image (the magnification was kept constant for all
examinations) was outlined using a hard pencil to trace
the outline of the image. No other attributes of the
bract wag recorded but there are important variations
in the degree of hairiness, The density and
digtribution of the hairs vary both within and between
~the two races. Ia the present analysis a measure of
the hairiness is not required but if definite crosses
are to be performed some method of detailing the charac-
ter would be necessary, It ie impossible to study
characters such as hairiness which may be controlled by

oligogenes until proved to be in fact controlled by
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gurvival oi lhe¢ individuwal, = $ingle gene factors
control.ing eha?e usually have ndveréo cffecets on Lhe
survival of the:carrier.‘ Multipec allelomorphn
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Bract in which the three “ritaoruia hf ve aeveiopeu

inuiviauaxiy ( x12),
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Fig. 12. Variation in the shape of the bracts (ciiplc

y S

Fig. 13, Variation in the shape of the bracts (tetri
ploid) .



Fig. 14.

Difigrtuwi.ptic representation oi the aiathematicai
reiationrhig'F oi the oré&ct. The point 0 can be consiuerea
ts origin about wi.ich the line OA rotates, 1i oA
is oi constant length then the hypothetical shapes oi the
br'vts can n. tracea out. however OA onij rotates
througn a siual. ang”e the extremes being QA* and. QA*

which give the extreme types oi bracts which are lound.
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iieacureiucn LE faadg-oyed in KEseering ths brpcts.



the same in their effect as a polygenic sgystem but in
reality the variation is aiscontinuous,

The cétkin gscale which geparateg from the ripe
catkin is not-.a unit in itself but a structure derived
from three geparate primordia. Wiliis (1922) states
that the three initials are cargied up on a stalk which
is a later development, Others. ( Abbe , 193s)
suggest that the stalk is also compound being derived
from the came three initials, Bvidence to support
the‘second view is afforded by the presence of bracts
which are tripartite to the base (see fig.,ll).
Whichever is correct it seems that the stalk is a
later development than the lobeg of the bract and as
such it can be compared with the petiole of a leaf,

Figs, 12 & 13 iliustrate the extreme types of
bract that are found in the most geographically
distinct populations (Stations 1 & 25),aﬁd though each
tends to a certain type it can be seen that there is an
ingensible gradation from the one to the other (note
all shown from gt, 1 are diploid and those from gt.25
are tetraploid,),

The index uged to describe the bract is obtained
by considering the degree of rotation of the edges of

the side lobes (points A' and A% in the diagram). (fig 14 )

«



TABLE. VI,

Stution Bract Index,
1. 4°
2., 14°
5' 70
4, 20°
5. 13°
5. 3°
7. 18°
8. 16
9, 12°

10. 23°
11, z1°
12, 25°
13, 26°
15, 200
16, 23°
i7. 27°
18, z6°
19, 24°
z0. 23°
21, 19°
2, 25°
23, 25"
24, 33°
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TableVl gives the mean values of the bract index
for the stations and Fig. 15 shows those points plotted
_against their geographical location, The graph is very
gimilar to that of the leaf index, confirming the
gradual change in the mean values of the index as the
watershed is approached from the east, The values of
the mean level out beyond §t. 10 and the values, though
increasing from 8t. 1 to 8t.10, fluctuate rather markedly,
The reason for this fluctuation is the presence of pure
populations of tetrapleid in the transition area, This
ie most noticeable with st, 4.

The arguments used in the discussion of the distribu-
tion of leaf shape are valid here and these data gerve
to substantiate those derived from the study of the
leaves,

Other characters of the bract which were measured. in
addition to the bract index were

a). Length of stalk,

b). Length of beak,

c). Point of maximum breadth,

Fig, 16 shows the course which the values of a and b
take, ¢ will be considered in a later section,

Trends’ can be seen in the graph, trends similar to

thosge shown by the leaf index and bract index but in
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the stalk the rluctuations of the vasue are great,
This fluctuation of Lhe vaiue may be caused by there being
no selection for the sength of the stalk and such fixation

anu expreseion oi the character as occure, is determined

by chance, Thu greatest amount of variation is
founa in the weestern populations, The interpretation

of thie variation can only be undertaken when the external
conditions of the envirdénment are constant, i.e, in
the experimentai garuen, However the very presence
of such a large amount ol variation aoes iead to some
gspeculation concerning ite fixation in such &« smail
area,
The curve o. the frequency digtribution of the
oract inaex {fig.,l7) is a.most normal, though there is

s elight aeviation towarag the lower limite,



Fig, 18, Samaras from the two most widely
separated popuietions. The upper from
St, 1 ( all diploid ), the lo%er from St. 25

( all tetraploia ),



1.

RBiometrical Analzsis of the Samaras,

The samara of birch varies prinqipally in the size of
the wing. Morgenthaler used thie 'fruchtflugelbreit! as
one of his main characters in the determination of the
affinity of the individuals which he chose to call
hybrids,

The dipdoid possesses the larger wings and the
tetraploid can have a fruit which ieg almost wingless,

B. nana fruits are also without any extensive wing.

Along with the variation in the size of the wing there
are changes in the form of the wing (see fig,1l8 ). The
larggr broader wings are so shaped that the stigmas do
not proi&rude beyond the wing: in the smaller wings the
membrane comes away Ifrom the central body at an angle
further removed from the perpendicular, than those of the
breoad winged type. Such differences in shape are quite
constant and there is no need to take separate note of
such,

The central portion of the samara (that portion
containing the embryo) does not vary in width between
and within the cytological races, except where there
has been the developmeht of small shrivel¢éd sterile

fruits, Though measured this has not been usged in the



TaBLE, VII

Station, Samara wing Breadth,
L. 13,92
2. 11,75
S 10,38
4. 10.30
5. 5,82
6. 11,94
7. 8,64
3. 3,50
3 B,.52

10, 1.40
11, 1,00
1z, 1,06
14, | 6 .88
15, 8,1lc
10, 9,22
LT, 8.66
18, 8,88
19, 1,24
0. 6,00
21, 6,18
ce, 8.09
25, 1.10
£4, 7,58

2D 8.60



Fig. 19.

kerEuremente eoipxoye” in ffEeeeeing the emarakE,
a Ha-Li breadth of kerrAi.

U. Haxf breadth oi .the total v.ing breaath.
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analyeis,

A samara obtained from the same portion of the catkin as
the scale, was enlarged by the same‘method and at the came
time ag the bract and the image measured by means of a
squared grid scaled in arbitary units, This same grid was

‘used to measure the brécts. The measurements taken were
the width of one wing of the samara and hslf the breadth of
the central region (see figl9 ). As explained the
’former is sufficient to discriminate between the ghapes

.Tound in the camara,

Takle VIiland figl0® chow the mean walues and the
relationship of those mean values between the stations,

The trend is once again the same but because of the different
meesure there ig firet a decrease and then an increase in the
value then this lower value rewmains fluctuating about a mean
which does not alter gignificantly from a linear function
paraliel to the X-axis, This should be compared with the
leaf ahd bract index where the values first increaéed then
steadied and oscillafed about their own mean,

This could be compared with the mathematical relation-—

a). f(x) =ocx Tk
b)., f(x) =a 1t lp-

Where £ (x) 1= the value of the attribute, c and a are
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constaats,k.l and k2 are limited wvariables, The formula in
a represents what is hapbening where there is a graded
linecar change, as is occurring from St, 1 to'St. 10 and the
relationship in R that where a certain mean A varies within
Thig last condition is

the 1limite A + k., and A - k

2 2°
that present in the western half of the country.

Again there is no need to comment on these resﬁits,the
arguments used in the previous instances holding in this
case,

Tun ther évidence concerning the nature of the populations
ban be gathered from this and the previous sections.

Where germination of the seed was succegsful the
chromogome number of the particular individual from which the
csample was taken is khown, Unfertunately the one very
interesting population (St.10) stiil remains cytologically
unknown but the evidence first from the fertile spur shoot
leaves and now from the bfacts and camaras completely
confirms the conclusions which were based on the leafl meas-
urement data, Station 10 ig morphologically diploid but
efiectively tetraploid ag a reproducing unit, Similar
trends can be seen in all of the graphs,  Thus §t. 6 is

diploid in all its characters (proved cytologically) and
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that St. 2 possess high mean values for most of the
characters which have been studieé. Qther fgatures
of this type are sgeen from the graphs and tablesg,

The measures déalt with in the lasgt two sections
are more diagnostic than the leaf index,not because
they are more distinctive but because of the different
range of valﬁes taken by the attribute. For taxonomic
purposes the bract index and the samara wing breadth
afford the best diagnosis where one is willing to
accept a subjective assessment rather than an actual
measurement, The ease with which the leaf index
can be found makeg it suitable to use in an exhaustive
enquiry into the structure of any area of birch,
providing that the chromosome count is taken at the

same time,
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Supplementary Congidcration arising out of the

study of the bracts and leaves,

In conglidering satigfactory indices for use in
clasegifying the characters of plants one is struck
by the probability that the measurements, though
taken on different organs are in reality measuring
the eystem of genes, or the expression of one
gystem, of genés on the different organs of the plant,
When account ig taken of the homolog&es of the various
organs it becomes essgential to distinguish between
true affinity of attributes and independence of the
valueg obtained, Anderson and De Winton (1935)
studied the efrect of different genes on the leaves,

calyx, and corolla of Primula sinengis and though

noting the results they did not actually cstate

whether the effect was the sgame on each,  They did
state that the. genes had an effect on all the organs
gtudied and it appeared that'the effect was of major
proportions, Secondary eflfecte on each organ could
be produced by other genes not having such a fundament-
al function, These secondary effects were inherited

independently of the others,



Fig. 21, Some of the supposed homologies between

the leaf ana the bract.



._.uu_n.mu_nnutr.,..w. A e el TR el A R e

.U DUR XSDUT Jeog 8Uj JO Senywa 8yl IO uostaedwod -

—— 27 314

LT 4= P2z (2 SR &t 8¢ «t N =: B | ’ o L 5 2 9 &

3 T T T v v —

(U3peeaq
unutxew jo *3d )
108G |

XopuI Jeo

in



?ig. 23.

Scatter uiagrum oi the ftiCan values oi the =xeax index

ana the mean vaj.ue oi the point of maximum breaath of the

bract, &
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Since the bract is probably fosiar in origin,
we maey supposc that Lhe genes controlling such a
prime_feature ag shape, would aifect the leaves and
bracte ind the same way,

It ig unifortunate that no record was kept of
petiole length becauge this woula have hepped to
have made the hypothesis more valid, eince lhe bract
may be considercu ag leafl blade and petiole,

fig, €1 showes some of the supposed homologies
in diagrammatic form, The three typeeg chown are
the extremes with an intermediate, Type C 1is not
common among leaves, being confinea to the cpicormic
ana long shoot leaves, though dt is not infrequent among
the bractes,. Fig. 22 shows lhe graphes of the leal
inoex ana the comparable measure for the bract, the
point of maximum breadth, for all the gtations, The
valueg are seen Lo vary in the same dircection ana the
two curves foliow cach other quite closely, The
scatter diagram of the mean values ol the bract measure-
ment and the leaf index ig shown in fig, 23, The
correlation coefficient is significant { 0,01 level),,

allvalues
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were tested and not just the means oi the stations),

The bract, howeverfis not = gsingle structure but composite
(Abbe, 1935 ), formca auring thc acvelopment ol three primoraia,
I the growth of each priworaium ies controlica by the
same selL 01 genes which coniroi the growth of the leaf
primordia, even though the {ina. gtructure is composgite
it will reliect the processes operating on eabh primoraium,

The similarities of shape in the bract ana the ileaxr
are the result ol the expression of the game zmet ol genes
on the game basic unit (the primoraium),

This gystem which woeg not seem Lo have been mentioned

in the iiterature, though Anderson's aata (1950) indicates

that the petats and sgepawre ol Iris vary in thc came
direction (the actual measurecment taken was tength), The
more complex attribute ol ghape is controliea in the same
way as thc more siwmpie measgurc oI shape,

Il &« basic set oi genes uoes controld such fundamentads
but essential processes, moaifying genes may control the
sma.Ller aifilerences that arc iound between Lhe types
rather than @« mutation in tne set, Such a change in the
bagic set should not be¢ consiaereu as not occurring, for
Large changes may be due to &«n altering oi thc basic equilibriv

e.g. Laciniation oi tht leaves of Gosgypium, as in the

mutation Okra,
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These modifying gences will probabiy act in time becauce

ol the Lype of

alfterentiation that is preseniti in plante,

In the morphogenesis or animeis (which have a more simple

embryology but
effect in time

as the 't{time!

& more complex organisation) genes having an

wile not possegs the game type of exprescsion

genes 1in plants,

One examplie of thigs is seen in the geneg controlling

the aistribution of the anthocyanin in the OLu Woria codtons

(Hutchinson 1932),

The genes

2 R

R ——

T o e o e

— s e

are: -

pigment the whole piant

pigmente only the leaves ana calyx

pigmente only the calyx

pigmente the stem ana the base ol the petals
no soot on the petals ana pigment onlLy on the
hypocotydl

no anthocyanin and only a white e.0t on the
petals

rea spol on petals with white margin,

hypocotyl red.

Fhie series forme a set o:r mulitiple allelomorphs but

the rcaction is noi Lhe sgame ag the ceries which gives rice

to Lhe graacs ol eye colour which are found in Drosgophila,

The above set is &&&PA&K: tempoPrl: the dominante R,Rl,RC, and



19,

RS act in tiﬁe,the first three having their effééte in that
order, i,e, in the presence of R pigment prbduction starts -
at the beginning of the development of the individual, 1f
any of the others ie presgent, production begine at a succegs-
dvely later stage in the growth of the individual, The
recegesivesg i.,e, the absence of any of the dominantes have
entirely different results ,

Since this physiological process has been shown to be
controlled by a series of genes then i£ ig not unlikely that
other besic physiological procescses é€ig. the. determination of
leaf shape and bract shape,are undef the control of genes
which have a modifying complex acting in time,

Tentatively the following scheme is drawn up:-

1, There is a fundamental set of genes controlling
the expregsgion of basic charactere,

2, Rate genes acting on this set of genesgs effect
guantitative changes in the expression of the basic set,

3., 'Time' genesg controlling physiological reactions
€.8. pigment production, control the distribution of the
metabolites,

4, Mutation of genes in the basic set have a major

effect on the fundamental processes associated with the
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original set,
5. Independent mutations can arise outside of

thie scheme.



8l.

The Hybrid Swarm on Ben Loyal,

Though hybridisation between the two common species has
not been obsgerved in the field an area, in which crossings

between B, nana and B, pubescens had occurred was examined,

Dovagton (1949) eXpreséed the opinion that there had been
croscing of the gpecies and backcrossihg of the resulting
hybrids to each of the parental types, On my examining
the population in June 1950, the extensive inter%ngling,
which Dovagton suggested was present, could not be found,
Reports of crosses between B nana and other wmembers of the
Betulaceae are numerous-cf, Lindquist (1947) and Blytt
(1906) , and indeed it seems to hybridise more reédily
with gpecies of the B. alba complex than some of those
species do among themselves,

All the chromosome counts which have been made on
B, nana have chown that the species ig diploid with
Zzn = 28, I have not been fortunate enough to obtain a
figure for the population on Ben Lgyal but the peculiar
aspect of thig population isg that it is hybridising with a
tetrapioid, Til. the exact chromosome complement ol the

membere of the Ben Loyal population is known no conclusions

of any consgequence can be drawn,
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shapes of the parentax tjpes ana the putative
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B, nana is a small arctic plant found only in Britain
at the higher sltitudis ana latitudeg of Scotland, and even
there it ie rather rare, In the tundras of the extreme
north it forms one of the main elements of the flora but
in the Scottish Highlandg it is present in patches which,
though often dense, are smwall in area and widely separate,

Most often it occurs far from other birches but on Ben

Loyal (Sutherland) B, pubescens ascends the gorges of the

burng eventual.y reaching the area occupied by B, nana,
The arborescent birch doeg not extend beyond the edge of
the gorges, appareéntly because the severe winds sweeping
over the coll prevent its growing satisfactorily, though
it survives as seedlings and depauperate sgpecimens where
shelter is aflorded by Calluns and other ground vegetation,
The dwarf birch is only present on the expésed ground,

The suspected hybrid was found where the two types
meet viz, along the edge of the gorge, This hybrid was
aetermined purely by morphological criteria and cannot be
csafely assigned to the product of a cross between the two
species,

Plate three shows the area, and photographs of the
hybrid and ite two parents. Fig.c4 shows the leaves of

the three types,
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It is interesting to look at ihis hybridisation in the
light of the hypothesis that Anderson (1949) has suggested,
The hybrid occupies an ecological niche which is intérmed— .
iate between that of its parents, If this hybrid is
fertile the large number of recombinants which arise in the
second generation should occupy all the intermediate types
of habitat. There has Been no 'hybridisation' of the
habitat gt this site as was happening in the Missouri
valley when Andgrson examined the Irises of the flood

plaing,
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Discuseion,

In the analysis of the distribution of the Scottish
birch, two alternative bases are offered on which to
build any theory,

1, That the birch population of Scotland is one

unit,

2, That the birch population is more than one

unit,

We shall consider both,

The evidence, though circumstantiel, indicates
that the diploid and tetraploid races tend to remain
pure, though, and this has not been shown to occur in
Britain, there is the infrequent chance of transfer of
genes Irom the one stock to the other, Actual
transfer-of genes has not beenddemonstrated but because
of the nature of the variation present in the whole
population, there seems to have beén, and might eagily
still be, a mingling of the characters of the two races
(I hesitate to call them sgpecies).

Ways in which thie can be e¢ffected have been discussed on
P. 56 et seq.
With this evidence, support can be given to either

alternative,
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a, Gonsideration of the firet poesibility,

If the birch population of Scotland is to be considered
ag potentially panmictic the differentiation which has
arisen between the races must have done go by the operation
of non-genetic processes, Prime among these ig gpatial
igolation, Since we have dealt with characterg which
arc non-adaptive (or better non—selected)?c%ﬁg?%%t%ﬁg
genes which control the expression of these characters
wil proceed accirding to the laws of chance, Hae this
veriation proceeded at random ?

The significance oi the wirection of the change
in the mean wvalues éh the characters studied has been
noted (p, 63) anu the meaning of it discussed, Since it
ie associateu with w change in the proportiong oi the two
genetic racwes, and also with a change in the climate,
particularly the rainfall, it appears that thc characters
are not of this non-gselected type.

If the graphs of the mean values are examineu in
greater wetail the veristion of Lhe meuns shows some inter-
esting .eaturee, Once the population conegistes entirely
of tetraploide the variation shows no tendency to become

assocliate. with a factor intrinsic to the tree, What
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happene is that each population has a particular value
which falls between certain limits dispoced about =a
general mean, In the transition zone'ﬂhe variation
ig of this type but because of the complicating factor
of proportions of types pregent in the populations
there ig the tendency for the values of the means to
arrange themeselves in an ordered geries, No
extensive area of diploids has been found in the north
of Scotland but where such an area existe it will show
that the diploid varies as much as the tetraploid, The
Scandinavian workers consider that the diploid

B. verrucosa is a uniform speciegs and that the tetraploid

ig the one which varies to the greatest extent, Till
conclugive ecevidence proves this we shall take it that

the ornc ig ag variable as the other., It ie not

(..E;

necegsarily true that sgince one possesgg, twice the genetic
material (as observed and not actually determined
quantitatively), it also possese twice the number of genes
and hence twice the variation potential of the other,
From this,there are two factors respongible for the
pattern which the variation takee,
l, The dircctive influence of climate and ecology.

2. The random differentiation caused by mechanical
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separation of each population, .

The eignificance of the climate ana ccology in
determining the pattern of veriation has been aiscussed
eleewhere and we chall return to thig aspect of the
problem in another part of thie gection,

The random variation which is present in all
populations has been the subject of much discussion and
the theoreticians have contributed the most valuable
material to this discussion, particularly Sewall Wright
(1921, 1931, 1943 and 1946),

In any local population the numbere of individuals
which differ Iron each other will be a function of the
number of genotypes which are capaﬁle of giving rise_to

different phenotypes regardless of the efiect of the

modifying ini'luences of the environment, Where

phenotypes are similar, the cause may be either the
expression of similar genotypes,or moulding of difierent
plastic genotypes by the modifying intluences of external
conditione, With species which are not plastic, i.e,wherec
the genotypesis rigid in ite requirements and conservative
in its expression, & uniform facies will be presented to the

observer, In a theoretical consideration the expregsion
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of characters which are not selected,and which are not
subject to change by extrinsic factors,wiil be as determin-
ed by the genotype and solely by this intrinsic complex,
The variation which we are studying is of this type.

Within anj ohe-gstamibnxL there is a certain amount

of variation, How does the range of this variation
compare with that found in the whole population ?
The only valid measurement is the mean value of the
character studied but the setg which contribute to this
mean will not be the same in each population, Any
diviegion into sets will be purely arbitary and, though
an assessment of the numbers in each group would be
useful, it would lead to conclusions based of falsge
fundamentalsg, In measuring the proportions of

genotypes determined 6& two alleles in a pupulation it
‘is not only useful but necessary to divide the population
into groups, Where multi-factorial systems are operat-
ing, similar groups can be erected but the number will be
large. 'If, as has been assumed, the effect of the
inaiw¥iduals genes in such gystems is additive, then if x

pregent

dominants are/the effest will be kx - p (p is the effect of

recesgives if such effects are subtractive; where the

recesesives have no effect p = 0. k ie a variable which
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can be made equal to 1 by suitable choice of values
viz, each dominant gene contributing the same amount
to the system), It has never been proved that each
gene of a polygenic system, when presenf as a dominant,
contributes the same amount to the phenotypic expression ,
20 that genotypes possessing the came number of dominante,
say §,lmay not have the same phenotype, Where the
expreggion of a character ig determined by as few as
four geneg the number of genotypes which is formed by
various combinatione of dominante and recesegives is
large and the variation igs almost cantinuoue, Mather
(1943) gives a resumé of the implication of polygenic
inheritance in mendelian populations, We have no
other alternative but to consider that the inheritance
of shape (leaf, bract, and fruit) is under the control
of polygenic systems,

Let ue now congider the factors which can effect
the fimation of variants within the populations ;-

1, S8ize of the population,

2, Type of mating system,

3. Number of generations passeu gince the
establishment of 2,

Sewall Wright enphasisea the importance of the

gize of the breeding population in the fixation of
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characters, He showed that where the breeding
population is small there tends to be the fixation of
non-adaptive or gven deleterious characters, This
effect called drift can operate in any group of
inaividuals congtituting a digtinct unit and in
subsequent papers he showed that the most rapidly
evolving system is one composed of unite geparated in
gspace; the so callea 'island modelt, This allows of
interpopulation aifferentialtion and, with migration of
the difierent types which have arisgen in each dietinct
population permits of the maximum operétion of gelection
on an optimum system, since the migrante may be more
succegsful than the indigenous type,

such a system operates in birch,

The breeding population is small, In coneidering
the structure of a population we have:-

1, The total number of individuale,

The number of reproducing individuals,

The number of males reproducing,

The number of femaleg reproducing.

*

LS R L A
.

. The non reproductive part,
‘Observations ghow that the number of functionally

female trees is small, Birch is monoecious =0 an
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individual is potentially hermaphrodite but in actual
fact individuale are functiocnally neuter, male or
hermaphrodite, Since the population number, N, is
nearest the lowest number of one reproducing group,
in thig case it approximates to the number of
functionally female trees, No countg of the number
of trees which actively contribute to the female
population have been made but the number in the seed
csamplegs reflecte this number. It is much smalier
than supposed.

Eesentially we are dealing with emall populations,
What other factors can lead to the establishment of
nonadaptive characters 9 One dealt with by
Salisbury (1930 ) is the fixation of characters in the
seedling stage which in no way enable the adult to be
at an advantage over otherg in the population, Thig
happens with many organisms, Another factor is
the long. reproductive life of the birch (énd other
trees) . With the capacity of contributing to the
‘gametic ana zygotic population for a number of years
there is thce chance ol survival of genetic materiel
from a disadvantageous genotype or of non-adaptive

characters. Where sclection depende 'on a whole or
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nothing basis a more uniform population will result,
With directed breeding long diSCOntinuoﬁs breeding
cyclee do not produce the game effect as ranaom
breeding doeg on the game gystem,

Birch is wonoccious, Sewall Wright (1921)
chowed that a population of monoecious indiviauals
could be considered -ag similar to a population of the
came glize but made up of equal numbergs of males and
females, The approach of homozygosity is 1/2N
(in 1943 he gives the figure (1l-1/2N) per gencration,

<N
If each local population ise indeed a geparate unit,
each should present a certain degree of homozygosity,
quantitatively similar but qualitatively diestinct
i.e., as was pointed out by Sewall Wright the homozy-
gotes which are fiﬁed are done o on the basis of
pure chance, Where-selection is operating, the
homozygotes which are fixed will be similar if the
direction of gelection ig the game in all the
populations, If thie system were ih operation,'
i.e, cloesed breeding unite under the influence of
cselection, cach populatioh should pregent a certain
degree of uniformity. This is not the cace,. Two

factors may be regponegible for this non uniformity:-
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1, Migration of genes.
2. The non—-opcration of selection,

Migration of genesbin plants can only take place
by the pasesive mobility possessed by gametophytesg
and dissemules (seeds, or cuttings etc,). The
fruit ol birch is adapted for wind dispersal but the
distances covered by them- . are smali, Exception-
alliy, a few seeds may be transported ovér,large
distance by some abnormal mechanism, The polien
on the other hand is capable of wide diggemination
by wind and hence may be responsible for the
distribution of genés. It is difficult to meagure
the exact distance which pollen can travel and still
remain alive and sg?able to contribute to the breed-
ing population of the area in which it finally
arrives, The distances travelied will vary from
day to day and from year to year,depending on the
wind strength, barometric pressure, humidity, and
temperature to mention just a few of the external
factors which determine the range of the pollen's
dispersad, The indication is that migration of
genes aoes nol take place to any great extent by

the movement of pollen, The egtablishment of
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seedlings (not necegsarily many, say 0,01%) from
adjacent populatione is the factor which contributes
most to the effccte Qf migration oi. geneg on the
uniformity of a population, With the swall number
of migrant gametes contributing to the actual
production of zygotes, the cffeclts of competition are
grecat and the probability of one acting as a partner
in a succegeful fertiligation is emall, Where the
migrant zygote becomes egtablished in & population
‘be _ '
it is likely tof phenologically similar to the others
in the population and with ite production of genes
(ae gamctophyteg) the number of nigrant geneg in the
population is large. Becausge of the infrequency
of this Latter occurrence,migration plays a small
but important part in contributing to the variation
which ie present in the populations,

The other factor, absence of selection, may be of
greater importance but it must alwaye be kept in mind
that the measurements were made on characters which
were thought to be unaffected by the effects of
selection, Because of this, absence of sgelection
cannot be congicdered as a factor determining the

variation, just as we cannot use selection as a factor



95.

to explain that variation which is airectea (in this cacse
that emall arca wherc Lhe proportions oif tho two cytoiogical
raceg are changing).

e are steilt with the number of gemerationg which have
been passed through sincce the establishment or the brecaing
system £ as an expiranation of the veriation, Thie
is the number of generations passea through by & local populsa
ion on the game gite, or in an area which can ue shown to
have hau breeding continuity for & coneiaerablc time,
aha not the number ol gencratioris gince tho estaboicshment oi
the specieg, The 1lite of neture. birch can be put
al say, l00 years though it is probablLy less All the
stations which w.re exaowined were ifrom Z0-70 years ola
but one ( St 10 ) may have been older and another [ St 6 )
younger, Therc is no evidence proving that they are
occupying eitees which hi ve been permanently occupieuw by
birch, The uppermost Limit ol colonization is since
the ena ol 1hc Ice Age, but because of the temperature
changes no onc trec genus hag been able to survive on the
gume eite as a aominant, If the stationes which have

examinea heave not peen interfercd with by man, and
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this 1e¢ uhlikely, thuy have been probabiy occupiea by
burch f r not morc than 1,000 years, Thie means that
say 20, generations have been pasged through since the
establighment of the stations, The approach lo
homozygosity hae hardly begun,

b. Discussion of the second possibility,

Can the populalion be sud divided ? Let us
consider factors which may be able to cause suli-division
of the population; they are all genctic,

We have dealt quite fully with the agpect of aifferent-
iation, in the case of the two cytological races
(diploid ana tetraploid) being considered as the one
unit, and since we have introduced gubdivision we are
novw considering the second alternative, Pointse
made with regard to local populations are =till wvalid
in the present arguments if the local population congists
of the one race,

Gemtic factors potentially capabke of causing isola-

tion are :-
1, Alteration of the chromogome number by the

process of polyploidy,
2. Changes in the basic chromosome complex by the
production oi trancslocations and inversions,
5., Differentiation due to mutations affecting the

physiology of reproduction e,g, sterility factors.
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All three may be in operation at the same time.

There are two polyploid races within the Scottish.
population of Betula and the evidence which we have
indicates that each tends to remain pure, There is
little transfer of genes from the one to the other
and such transfer as doesg occur ié rare and the product
of a very abnormel bioleogical occumence (see p.63 ).
It is permigeible to say that the Scottish birch is
divided at the level which we have erected as the basis
for geparation l,

Can the cﬁromosomal aberrations present in the
populationg act as effective isolating mechanisms ?
We have aiscugsed the presence and the probable
concequences of translocations and inversions but we
have gtill to consider them sas icolating agents,

There are presgent 'in the populatione the types of
cytological abnormelities which have been mentionedin
the vrevious paragraph and from the work of Dobzhancky

and Tan (1936)on Drosophila pseudo-obscura and miranda

-t T ————

we can safely assume that they are able to cause
separation of the bearers, Their work was instrumental

in showing the genetic homologies and differenceg of the
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two speciew, It ie almost impossible to aeciae whether
ciage =z or 3 is responeiblie for the iniivial separation,
When we congicer th. targe number ol unsuccessiud
pollinationg which d@ccur in birch it appeare likely that
there is some factor operating to prevent the free union
ol gametesg, The peculiar poll.nation-fertiligcation
cycle o0i birch doeg not permit o1 alternatives, If

an unsuitable male gamete ie preesent as the result of
pollination,no viable zygote ig formed since fertiiisation
is impossible, Some chromosome arrangements will be
capable ol accepting the vast majority of other arrange-
mente anw it ig only the occasional zygote which woes

not survive, On the other hand where the female parent
ie ol & highly aberrant nature it will only be thc oau
Tfertilisation which produces a wiable zygote, Inter-
meaiate types ol chromogome arrangements can occur, but
the intermeciate recundities which are pregent are probably
the resuil of inclement weather conaitions at the time

of poliination of fertilisation, anu are not a refiection
of the intermediate aberrations, This can be an isol}
ating mechanism, Within a population there are those
types which possess aberrant chromosome arrangemente,

g0 we have isolation within the lwo cytologicali races,
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Blakeslee (1929) and Blekeglee-et al, (1937) showed that

there existes within Datura stramonium a nuwber of chromo-

some races which are regionally separated, These prime
types as they were called, could be crossed and the trans-
locations found with certainty, The prime types are
homozygous for such translocations and therefore unable to
be distinguished from cach other unless crossings are made,
In birch,individuals are hcterozygous for translocation
within any one region or population i,e, the chromosome
types have not been seclected for homozygosity, This may
be another result of the long generation time of birch,
The forces selecting for homozygosity of chromosome
arrangements are much more powerful than those operating
on allelic serieg (whether multi- or other-wisge)., We
see that it ie possible for non adaptive characters to
bececome fixed under such circumstances and even, in some

few instances, there may be the fixation of deleterious

genotypes. With the presence of such aberrations in

the population, the number of breeding individuale is
much reduced, The approach to homozygosity, genic or

chromosgomal will be much more rapid. fhis would be g0
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if birch were a quick breeder. It ig not,

Individual genes which may act as isoléting agents
have not been‘sought &&&, principally because of the
difficulty of detecting them with such intractable
material, but their absence should not be precluded,
Important as they are in any genetic gystem they can
never cnable a species to become sgeparated into
homo zygous groups,

Though the facts which have been presented in
support of the hypothegis that the genus Betula and
in particular the coliective gpecies B, aiba is
composed of ceparable unites I think, intuitively more
than by any logical process ol reasgoning, that the
collective species should be congidered as the one
unit., (Note: I have deliberately rcefrained from
qualifying this unit, and it is quite valid to
consider that B, alba consiste of a number of
taxonomic unite).

Du Rietz (1930) and Stebbins (1950) are of the
opinion that the genug is the more natural unit
than the species in the Betulaceae and the galicaceae,

Du Rieltz doeg not categoricaliy state this, but it ie
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implied in his using the term syngameon, His
hypothesis that there are two systems causative

of the polymorphy‘found in the families mentioned
above ig very attractive and it ig well to consider
them here,

1, A system in which a number of taxonomicadily
ceparable unite have become established and subse-
guent hybridisation between the units has produced
a polymorphic aggregation of individuals, cf, the
Salicaceae,

2, A polymorphic group of individusals from which
there is ariging a number of units (not necessarily
taxonomic) cf, the Betulacesae,

In this I agree with Du Rietz,

Dﬁring the period of meximum glaciation it is
unlikely that any arborescent gpecieg survived on
the ice free areas precsent in the dece sheet (the
nunataks) ., It has been claimed that these nunataks
afforded refuge to the hardier plants which subsequent-
ly migrated from these nunataks to the uncolonized
areas exposed on the retreat of the ice, There is

littie vegetation on such nunataks as exist in
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Greenlana ana Antartica, and thepresent, in all
probability reflects the past, I see no reason for
claiming that the nunataks were a reservoir of plants,
Assuming that the nunataks were not refuges of
birch thig species muet have been forced into an area
somewher in Central Asia, The present digtribution
of §§i5£§ doeg not suggest a forced migration south-
waras (ther ies only one cotiony of birch south of EBurope
ana that is very local , Lindquist, 1947 ), but a
migration .o the easgt, The colonization of the
arcag exposeu by the retreat of the ice was mude by
inuividuale descendea from thdés central stock,
Probably the stock was Tinslly fairly uniform and the
migrants refieccted this parent scource rather accur-
ately. With the migration, which woula at firet
proceed at random (i,e, radially and uniformally),
there arose the possibility o. differentiation
ef:ectew by isolation in space, ag has¢ happeneu in

Betula series verrucosgz , .nd algo the variation

— i —

which can arise by genetic isolation, The initiz. stages
of thie genelic isolation may have been present in the

glacial remnant ana it has been the separation
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afforded by migration which brought it into greater
prominence, Huxley (1942) considers genetic factors
ags icolating mechanismgs and comes to the conclusion
that they may operate inpplants as a prime mover of
speciation, but it is unlikely that they are solely
regponsible for the process in animals, it being
necegsary to have in addition geographical isoletion,
Lindquist's hypothesis concerning the migration

of B, verrucosa var, sexatilis and B. verrucosa war

lapponica supports the contention that the glacial

remnant of the Betulas was centred in €entral Asia,
These varieties of B, albq;arose separately at some
stage in the migration, one, the formey moving along
the North European Plain, the other, reaching the
western regions of Burope via Northern Russia, Iinland
and the Swedish Norrland, They have mel in Northern
Sweden, there being a zone of intergradation in the
area of overlap, They seem to be remaining pure,

An analysis of the situation over the whoie of

Sweden chow that phe two varieties make a dimorph

cline running from south to north; saxatilis -

lapponica, Var. lapponica does not occur in

Britain,
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One bug problem without solution is the time of érigin

of the tetraploid, It may have been that Betula

had become separated, previous to the glaciation, into
a number of species, ali of which were forced into the
central retreat and two of these crosged and by
amphidiploidy gave rise to the tetraploid, This
al.opadlyploid could only be stable if the constituent
genomes were not closely related, It seemg +that I
have contradicted myself about the stfucture of this
refugee nidus but the resulting panmixia brought about
before the migration started would entail-:-
1, The production of allopolyploids, ii possible,
2. Approach to homozygosity within types of the
same chromosome number,
3. Because ol the extreme selection pressure the
types which would survive would be remarkably

uniform,

The immediate pre-migration population would consist

of polyploid series each of which waes remarkably mwniform,

If we compere thig withthe Salicaceae, we can see
that if the procegs is cyclical, and the same syatem
operates in the wiliows., then the willows are at
a stage which birch pasesed previous to migration,

Contrary to what is most
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comnonly held,I believe that ecological migration is
a rapid phenomenon (cf., Skellam, 1951) depending on
acclident rather than obeying any set of laws. Iin-
itial colonization will proceed with the type which
is present at the time when the colony arises,
Selection will only operate whenever intraspecific
competition comes into being i.e. no matter how
badly an individual may be adapted to the particular
station, if it is the only one which is present it
and its descendants will survive till sowmething
better is introduced, either from outeide or by
recombination and mutation,

The same thing, on a smaller scale is happening
in Britain,

Equilibrium has not been reached and genetic
races (which may or may not be ecological or geograph-
iéal raceg) are still being cryst&ilised from the mags
of individuals constituting the genus Betula,

How can this variation be claggified and compre-

hended 2
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The concept of the Ecolype was proposed by
Turesson (1922) and has been developed by Gregor ( Mut ),
Turrill (1946 ), and Clausen, Keck and Heigey (1939 ) as
a taxonomic unit applicable to subdivisions of the
gpecies, Turessongwork was of an observational
character but the fundamental tideas.: behind the
hypothegis are sound, The subgequent work of the
authors mentioned above helped to establish the ecotlype
ags & working hypothesis and also the importance of thie
unit in the understanding of the dynamice of the species,
Slight differences are attached to the interpretations

and such difierencees exist

of the term by t- . different authors/particularly bet-
ween the échool of experimental taxonomists of the New
World and those of the Q1d, The difficulties are
more imaginary than real,for the ranges of the plants
in the areas worked by the American authors are much
larger than that of the European (Gregor in discussion),

A significant advance was made in the subject of
clagsification of the variation found in a species when
Huxley (493 ) introduced the term clineias an auxiliary
taxonomic unit, A solution of the difficulties

confronting the student of evolution in small groups of

gpeclies ig being approached by the use of those two
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concepts, Gregor {1946 ) in particular considers that

the gsynthetic methods introduqed by using these concepts
will do much towards supplying the answer to interpreting
the variation found in the widespread and Biologically “import
ant .. specieg,

Huxley's interpretation of the geographical replace-
ment of races is based on his knowledge of the animal
kingdom and though there is much in common between plants
and animals, some featureg of the plant do not permit of
their being studied in quite the gsame fachion,

The cline concppt dGepends on the replacement of one
race of a species by another differing from the first in
some gmall quantitative character (either a single charac-
ter or a small change in the total organization of the
individual e.g, size) or in the gradual change of propor-
tions of types present in the populations of the species
as one proceeds in some definite direction, An example
of the second case, quoted by Huxley, is the cline in the

guillemots (Uria aalge)} where the percentage of individuals

possessing the character 'ringed! increaseg in the northern
populations of the guillemot, Such a cline as thig is

spoken of as a dimorph cline,
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In wmy opaénion the concept of the cline should be
confined to replacememt of races either geographically
of ecologically, and a further condition is that the
members of a c¢.ine shoula be capable of interbreeding
with eachbther, This prevents our considering the
gituation found in the bircheg ag a dimoryh cline of
the two chromosome races, It alco precludes the use
of such terme as taxo-cline and chronocline (Huxley,

1939 ) . There is no great Loss in not having a term
to denot continuous variation of taxonomic characters
but the loesg of a term denoting continuity of variation
in temporal direction is quite gerious, though the
proposal on p, 114 for this type of continucus variation
may be used as a suitable alternative,

If there is any correlation between the external
environment ana the variation of the plant, then the
variation will always be clinal, All such characters
which are selectewa by the habitat will show this
feature of being clinally distributed, Some other
characters which do not geem to have any relation with.
the survival of the individual may in some way be assoc-
iated with other mere important attributes of the individue

by being so closely linked to other characters that they
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segregate as a unit or by the genes controlling the char-
acter having a pleiotropic action, It ie imposcible to
prove that the possession of.a character confers on thé
bearer any advantage over the other individuals of the
same gpecieg, and the only evidence available, is the
interference that to live succegsfully is a function of
the attributes of the organism that is living. The
separation of two types of variation is permissible,

but for discuseion on thig aspect of variation gee Mayr
(1942) and recent papers by Can (1451) and Catbet (1950

To me it is incongeivable that leaf shape conveys survival
valvue to an individual if the leaf is independent of the
external enviromnment, In &he forest trees the =shape of
the leaf seems to be of little value in conveying advant-
age tc/%earer but in such plants as the plantains (Gregor,
1939 ) ,differences in the shape of the leaf are of prime
importance in determining the survival of the individuai,
With the plantains and herbaceous plants possgessging linear
leaves, sgurvival of the plant in closed communities is
dependent on the leaves receiving sufficient light to
carry on SR photosynthegis, In denser gtands the indiv-
idual with longer leaves is more likely to survivé than

the remainder,
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In the {lower, cshape, except in those very special-
isea orders, will confer little advuntage to the bearer
though souie of the secoadary effiects of sghape, e.g.
development of the anthersg and ovaries may be hindcrea
by shape of the petals and sepals,ana can be of negat-
ive survival value, The. . physiological differences
pregent in straing will be operative to a greater extent
in the gelection of types eventual.iy forming geograph-
ical and ecological races, Thig can expliain the
morphological gimilarity of widely disgjunct races or the
digsimilarity of races growing in close proximity to
each other, The degree of morphological aifferent-
iation will depend on the capacity of the species to

morphoiogical
producefmutations, Where the gpecieg does not possess
this capacity,morphological differences will be few and
the number of physiological races may or may not be asg
high as in other groups'possessing the ability to wvary
morphologically, One does not need to consider differ-
ent species of the angio sperms to realise the truth of
this since the iliustration provided by the fungi is
guite conclusive, In this group of plants the degree
of morphological variation in any one species is severe-

1y limited by the nature of the plant, Physiological
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etraine are common in the fungi not because of their
greater prevalence but because genetical studies are
dependant on variation and it is easier to observe the
physiological variants in this group than the morpholo-
gical,

The apparent gesective value of any wmorphological
character shoulid not be used as proof that the character
iteelf is the reason of thie superiority. It is more
probable that the fundamental physiological processes
controlling the expregesion of the character are the
real reagon for the superiority. Exceptionvto this
hags been noted in the casge cited above,

Though the cline is a useful adjunct to the study-
ing of continuous variation it only describes varia-
tion which is capable of being claggified in a linear
tfashion, A much more useful system of clagsification
would be one which included the whole distributional
arca of the species which is being studied, . Thié woulad
increase the number of.dimensions considere& to two.
There is still another dimension oi very great importance
in evolving groups, and that is time, Thie last
dimension is the most important and has been &SI%% studied

by the palaeontologists of the present and past but it
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description of the variation existing at &&k& any one
level in the time scale,

The present is the only satisfactory instant in
which to study the degree of variation present in a
specieg, though in some cases it is possible, where
there are sufficient remaing, to study the potential
and actual variation of the species at some other time,

Simpson, and others have split evoiution into two
types, complemeptary and not mutuallj exclusive,

These are thorizontal' and *vertical', so termed
bécause of their poeition on a gencological tree,

Thie doeg no more than emphasige that there are two
systeng of evolution, and extant system and the homolo-
gous but extinct counterpart, There is no evidence
to suggest that a different process is in operation
from that of the pagt, FTach ig complementary to the
other; the advantages of one are not present in the
other e,g. wealth of variation in the present but lack
of numbers of generations, The opposite conditions
hola when studying palaeontological materisal,

It may seem to most that an additional system

which supposedly clarifieg the theoretical conception
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of evolulion crealeg morc problens that it solves, The
units which make up the evolutionary categories heave been
namea siresh by each suthor, who, placing some new
conditioun on record, uses this as an excuse ror creating
& new category. ( I make no excuce for the terms which
I will propose, but I woula like to Jjustify my woing so, )
The units which have been proposea have almost always

been connecteu with those alreafy in existence ana

contain in them sowe part of thce prthodox taxoiiomie system,
On the other hahd the terms which are proposedjiere are

an attempt to divorce Llhe evolutionary unit from the
clageiricatory unit, and may have an objective reality.

The termes are:~

A. THE TEMPERON,

B, THE KUKLION,

C. THE FLWXION,

D, THE CLINE, (as used by Huxley)

E. TH.: DENE,

o
mn

uged by Gilmour and Gregor)
The temperon is the major unit in this system
ol evolution,

It is the masg of individuals which male up the complex
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of specieg, species groups, Oor even genera, having a
relationship with each other in time, At the precent
time we can onwy observe a Tacies ol the temperon but it
. ig poesiblc Lo observe lhe whole of the temperon if thc
foggil record is at all complete, The most complete
temperon is orocably the .neage or the horeses through
the last 60,000,000 years wilh the various typee which
heve been aeveloped from the primaeval Tohippus, The
iilving horeegs re resent the temperon at the instant
in time at which we are actuai.y able ﬁo observe it,
but the remains of othcer iteses guccessful types indicate
that the temperon was at a more complex stuge at some
previous era,

The tempcron may be made as lLarge as one wisgheg,
to ad.ow the maximum amount ol Irecedom to the interprctation,
though a limit ehoulu be put on lLhe term by prefixing, e.g.
it the variation 1g obviously correlatea with changes
in écological conaitions the term Eco-temperon could ve
uced, This aliows a greater frecdom to the concept
but &« wore preccise meaning to the term,

To iliustrate what ies meant by a«.owing the term
have such scope, we may think o1 the fol.owing examples

a. the Qesmundaceae,

b, the Angiosperms,

c. the 71ycopoaiaks
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Fach ofthe above .(xamplies represent tempera which
go back in time Lo difierent extente, The lact is
the olaest and the least complex at the present ifime,
though it was very complex during the Carboniferous,

The ultimate aim ig, ol coursge,to consiuer asl
living organiesme ag belonging to the same temperon,
but ig Llhieg not equivalent Lo thc so-callea natural
clagsification ?

The four remaing termg oi the gystem refer to the
Living members ol the temperon ana arc capable of
being examineu in greater detaili hy using experimantal
methods in the analyeie, The terms are not original
in «nything but ngme, and similarity wil. be found
between lhe imo.icatione of the terms ana what hags been
impliea by other terms usea by other authore,

What is adfferent ie that there ies no qualifying
statement attacheu to the wefinitions, ag hag been the
cage with the majority ol previoug aefinitions, The
concept ig purcly thuoretical ana the philosophy behina
it ig that Lhe cvodiutionary w.ite have an objective
reality, Another important idea behina theconcept
ig that the unit ie iteedf evolwv.ing anu has a skructure

which is capable ol uwefinition, Thie idea
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ig not new ifor Willie (192Z) suggoesteu w similear concept,
thougti he reaa more into it th.n is proposeuhere,
Another author who suggeste thal the construction or the
ubit difrere, ( but in this instance no suggestion thest
the unit is evolving is aavanced )}, is Du Rietz (1931),
The particudler ingtance which he ugegs ig of interest to us
gince he compareg tine Betuiaceae with lhe Salicacece and
pute Torwara the view that the gystem in each ig rafiisally
aifierent (see p.,l02).
The deciegion as to what constitutce & kuklion, as
the major unit or the extant members ol the temperon
ig caliea, wile rest with Lhe gpecialfist working on
the group. A kuklion consiste of the living
members oi & temperon, and concititutes those which poscess
fairly close bresding affinities forming the one complex,
Groups 0. individuwadis which &rc recognisable as being
clogely reliatea are p.&écea in categories supposedly
aenoting thc uegree of affinity oif the groups. When
cepiratiot has procecaed to the stage where the grouns
arc incapable of brecuaing with each other,the gpecies
levei is supposeu to have been reachea, . ln recent
ycars it hae been ghown that more anu more groupsg of

inaiviauals are
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associated even if through another, I three groups

of indiviauals A,B, and C are congidered, A breeding ffeely
with B, but not with C, and C is capablc of forming

fertile hybrids with ¢, does one consgider A,B, & C as
belonging to the same species or only B&C & or A&B,

for if B did not exist A & C would most certainly

be conesidered as geparate species,

It ise unwése to delimit species on purely genetical
criteria eince some established caseg of hybridisation,
with the production of fertile hybride,  between
obviously adaigeimilar groups, have becn observed,

The particular emgampie which shows this conaition
is that of the tribe Triticinae of the graminese where
intergeneric hybrids have been formea ana the offspring
were Irertile, It may be that the group has uiverged
more in ite morphology than it has in its genetica.
make up, thus leaaing to the separation of easily defined
groups which &re iese discret then thcey appear.

This anuw other cases e,g, Phleum pratense ana

P, alpinum ( Gregor anu Sansome, /930 ) and Galeepsis

tetrahit ( Muntzing, 932 ) led me to believe that some term

— o S, PR b e

which coulu be ugea to describe all ol thesge anu any

other caseg which could be founa in nature woulu be of



118,

Aistinct aavanpage in the
description of re.ationships between groups oi individuale,
The kuklion is such &« thedaretical term which can
be uged to denote relationship, It impiies no more than

The kuklion can be reprcesented as a circle containing
the groups of individuals which are relateu Lo one another
ana it ie possible to show the exaclt nature of the reiation~
ghip by the wmanner in which the groups eare uisposeu about
thce inside ol the circle, This iaea is not new but
no term has been used to denote such a system,

The other unites of the gsyestem are ald unite which
exist in nature anu are capable of being found by
experiment,

The fluxio.. is the mass of indiviauals which makeup a
group, determincu by the biologist, having & certain degree

of association and homogeneity allowing the mases to possess

an iaentilty searate from other similar groups, In the
vast majority of caseg this wil coincide with thce taxonomic
spcecies or with the coenospecies, It will have « geograph-
icar distribution anc wili iteeli bve made up of smudliler
unite, The cmai.cr unit is the Tundamentai one sgo fur

g the experimcntal agpcct ot the gystem is concernea, just
&g the temperon is the basic cone on which the whole

hypothesis rests, This unit ie the local population
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but I prefer the terw deme Lo the phracse because we can
on.y have one locai population (i,e thce population has
a reality) whercas the ceme will al.ow ol comparison,
as aoes Lhe Local populetion,, ana of cataloguing, which
cannol be aone il the Locui population is usgea ag the unit,
There ie no need Lo deveiope the original concept of the
aeme, but it i wel. to describe the concept in order to
give this gystem & completenese which it woulu otherwige
lack,

The deme ig thai body ot inaividuale, beronging to o

specifical.y separable group, in whievh there is the potent-

iei for free gene flow, The reaiisation of thig ideal
will wepenc on the cize of Lhe ;roups, Sewall Wright
realigeu thie, Also Gilmour ana Gregor make the comment

————— " the tendency is for individuale in close proximity
to interbrecd more frequently with eamh other than with

inuividuals at a distance, ana thus small more or less

igolated intrabreeding colonies are get up,” (italics mine) ,

The proposai .g maae that these small isolated colonies
shoulid be uesignated as gamodemes, but surely every unit
(ceme) is a potential gamodeme anc thne term is superfiuous,
The other terms, ecoaeme, and topodeme are very useiul

as they ao notl reprace any ol the terms o. orthodox or

experimental taxonomy, ana do not have cecological significance
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We have.congidered the implications of the units of
the concept which are capable of individual desgcription
and analyéis. There ig always present the need for a
succinct term to convey the properties of correlated and
comparable characters to the readers of any account of
variation within a spécies. The cline is such a term,
It allows the congideration of the replacement of types
by othere belonging to the'same continuous seriesg, which
may or may not be distributed in the same way in the sub-
jective arrangement and in the area which the sgpecies
actuaily inhabits, Where the continuous gradient of
morphological change is correlated with the continuous
gradient of change of the extrineic factor the cline is
a very useful adjunct to the descriptive terms used in
taxonomy, but if the cline ie purely subjective,it
ceases to be of any importance in the comprehension of
variation within a species, The taxocline belongs to
this latter type. Another serious defect of the cline
ie that 1t can only describe variation which is linear,
though in many instances the linear form is derived from
the aggregating of many minor morphological attributes
e.g. size is a function of many physiological and morph-
ological processes, and then deriving a mean from this

total, If the concept of the cline could be extended
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to inciuwde variation in two planes, one definite, the other
varying, very much like the field of an electron in the
theory of Quéntum Mechanics, then the almost perfect system
for describing the dynamic equilibria,(as the species and
the local population have been called), would be in
existence, Fig 25illustrates this concept graphically,
In éubsequent Giscusgion this modified conecept of the

cline will be used,

The fluxion will congist of a large number of clinesg,
obvioug morphological ones, and the_less obvious but more
important physiological, Where these clines intersect,
demes will be formed. and these demesg wili posgess features
which are the random combination of the characters of the
cline, It is unlikely that there will only be one popula-
tion at the intersection of the clines and the number of
populations which is present may not appear to be arranged
in any sequence, Those arcas where the clinees intersect
will possess a number of populations (demesg) and the whole
area may present a facies which is without apparent order,
Have we to consider that the area should be designated by
some term or is the concept clear enough to permit of
lucid interpretation % The definition which I proposed

for the deme stated that the potential for unlimited gene
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Fig. 26. The fluxion as an areal unit composed of a numb
of clines intersecting to form coenocaemes in the regions of

intersection.



Fig. 27. A diagrammatic representation of a tempero

This has aiviaea into a number of Kuklia, showing differ

degrees of complexity. Some of these, in particular t

large one third from the left, have split into a system

fluxia.
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flow is present and did not include any qualification
concerning continuity of cohabitation, If this latter
must be considered, then the deme has an absolute reality -
hence the use of the plural in the degcription of the
complex occurring at the intergsection of clines. Perhaps
a term such as the Coenodeme could be used to describe
thig couplex, The individual demeg of the coenodeme
would ﬁot neceggarily be gimilar ,there being so many
types of ecodemes and topodemes within the complex,

The size of the coenodeme will be variable depending
on the ecological tolerance of the gpecies (plasticity
of genotype or variability of genotype) ana the biology
of the species e.g; whether solitary, gregarious,or in
plante ,rare or dominant etc,

Such a gystem ag the above can only rélate to cross
breeding species, Where self fertilisation takes
place or where anh asexuval method of reproduction replaces
the sexual method,&& organisation of the species will be
altogether different,  The constitmtion will be that of
so maany pure lineg, Where the number of pure lines is
large there is the possibility of a system arising which
will copy that outlined above, If replacement occurs
in these latter instances it will be ecological not

genetic,
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)

We can use the eiperimental material of this thesis
to exemplify the system,

The temperon consists of the preglacial deployment
of birches which we assume to have existed, the glacial
refuge, and the post glacial secondary deployment which
is now in progress,

The kukiion ig the genﬁs Betula within whigh. there:are
the separable groups such as;

Betula series verrucogaea

Betula pubescens complex (probably all the tetraploids)

Members of the sub section nanae,
Etc,
Tach one of these constitutes a fluxion, Where

two of the groups are gyupatric ag B. pubescens and

B. verrucoga a super fluxion could be erected,

Character gradients exist,and there is one in the
Scottish Highlands,but my previous objections to calling
it a cline egtill holca, Demes are universally present,
and in the area surveyed the coeno deme is not so nmuch
the area disposged about the intersection of clines but
the area in which two members (fluxia) of the super
fluxion meet,

With modification like that above,the system
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could be uced to interpret and describe the variation

found in most groups of organismg,
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Summary,

1. A cytological examination of the birch population
of the Central Scottish Highlands showed the exigtence
of two polyploid races, a diploid and a tetraploid

(2n = 28 & 56 respectively). .

2. The races have been claimed to belong to the

taxonomic groupinge specified ags B, verrucosa Arh,

and B. pubescens Erh, The diagnostic characters

uced to gpecify these are valid dnly..if the extremes
are considered but ,because of the presence of inter-
mediate types,it is inadvisable to consider these
groups ag real evolutionary units,

3. The polymorphy in birch has been ascribed to
hybridisation of the two species, but the cytological
resulte showed that if this-hybridisation occurs it
muét do €0 at infrequent intervalé. In all the
slides examined no evidence was found to substantiate
this hypothesis,.

4. Atalysie of the morphological characters showed
that, though the change of variation is continuous,the
eastern populations can be related to a scheme of

character gradients. This change of value is



associated not with a change in the character but with

a change in the numbers contributing to the mean,

5. The biometrical study confirmg that the distribution,
obtained by direct meang in the cytological study, of the
chromosome raceg ig diploid towardéf%ast tetraploides to
the west,

o, Correlation between this digtribution and exiernal
factors was sought and the concluelon reached was that
the tetraploid ig more tolerant of exceesive water than
the diploid, This water relationchip should be measgured
in toto as a precipitation evaporation ratio becausge of
the interaction of edaphic and climatic factors. (cf.
particularly §t, 4.).

7. The suggestion that the control of homologous
orgens is effected by the same set of genes is advanced

and its implications discuseed,

8. A hybrid swarm (9?), situated on Ben lLoyal between
B. nana and B, pubescens is described, .
9. The causes of the high degree of variability in

birch are digcusged and the conclusgions reached are-+-
(a) That population size associated with the
mating system, and

(b) The long generation time of birch and,



(c). The post glacial history
have @«l. contributea to the peventing of the fixation
of definite typees,
10. Selection rIor an obviously recognisable Llype has
been slight anu guch selection as khas occurred has
been for physiological rather than morphological
races,
11, The terms of genecology are discussed and alternative
offereu to allow of the recognition ana comprehension
of an evolutionary¥ unit rather than a taxonomic one
operating in birch,
le, The genus Betula is used as an example ol this

— e S — ——_

system,
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Appendix I,

Topographica. details of the populations,

Station,

C O 0O ~N O~ W

20,

25,

Height -above sea level
( with range )
40
140
650-670
400
64Q
500~-820
170-970
790-~960
760-1040
T60-1040
830~-990
840-1640

840~1550
1440-13800
560~700
249-580
130-700
100-450
700
100
100-500
100-400
200-400~5.L,
<¢.L.-200

¥ Stationg 13 and 14 arc continuous

omission of 8t.13 from the floristic analysis it is omitted

irom «l. considerations,

3410627
317562
239435
218438
3971178
116350
025286
90820
897145
863057
1714994
677902

565913
465888
323810
225810
174873
121799
016789
94%X796
8358273
142829
100346
656852

n

ki

¥

ana because ol the

0.5, map reference,

47)
46)
46)
46)
45)

+ Station 15 in 1950 was arawn from & group of treeg lower

on the hill, but peicnging to the same demc.



Appendix IX,

Cytological Techniqueg,

Sectionea meterial.,

&, Methyl Violet,

Modifications on the gtanaara technique were
ac follows :-

1, I¥ the cytoplasm showed & tendency to retain
the g taein after d.ifferentistion, apreliminary hydrolysis
in N/10 HC1 was found to help in the subsequent staining,
The time of thdg hydrolysis must not exceed 5 ming,, and
it was later found that a more satisfactory method of
obtaing thie result was to immerse the sections in

80, water [for 30 mine prior to staingng,

=
[l

"~

. Utilization of a weaker staining solution,
0.l% solution was normally used,

S Prolonged washing in running water before
ana aiter staining, ( anything up to 30 mins ),

4, The inclusion of a rinse in Carbol-Xylol
between clove oil and xylol I of the normal schedule,
b, Feulgen,

Not a very successgiul stain and only so after
fixation in P,F,A, 3,
¢, Heidenhain's haematoxylin,

Very poor results were obtained with this gtain



Due probably to the material,

Squash Methods

Aceto-carmine (standard schedule) Unsuccegslul
Acetic-lacmoid i A Moderate
Acetic-orcein w " Poor

¥ Nigraosine ( gee von Rosgen ) Erratic
Feulgen Poor

The above methoas were triea ana the resull oi cach

ie shown opposite the stain used,

¥von Rosen,G, 1947, The rapid nigrosine methodf or
chromosome counts applicable to all the growing

tigsues of plants, Hereditas 33, 567-569,
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