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YHE | BOQUYRPLC DEFFERENTIAYION OF POPULATLONS:

ALTTPUDINAL DISTRIBUTION OF VARLATION IN RESTUCH .

Te INTRODUGTION,

Towards the end of lagt venbtury and, indeed, before ecology
oytology end geneties hod sttained any real stetus, interesting
experiments were carried out from the point of view of the
influence of the environment upon plents. The most ixfrportant
were those of Kerner who published en extensive account (1891)
of his investigetions on the reactions of both snnusl and
perenniel plants et different altitudinel stetions. Ue cems
to the coneclusion thot o distinetion must be drown between
modifications snd heveditery differences snd emphasised that
the former wennob be trensmitied by. the parents to theix |
offsprings In Frence Boanier set up & series of experiments
a8t lowlend and alp:‘z.ﬁe stotions and must be acknowledged as the
fivet investigator to introduce the use of clonal traonsplents,
He published a final oceount (4920) of the experiments whioh he
had conducted over & very loag period bubt his z‘eéults must be
regerded as dublous if only becsuse his "stations™ were
untended save ot lrregular intervals end, being in the wild,
were gubjeot to the netural contamination of such vonditions.
Tn swerica, Hall (1932) was the first 10 recognise the
importance of an experlmental taxonomic approach snd his work

hag been swplified and extended on a large scele by
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Clousen, Keck ond Hiesey (1940) who have also mede use of meny
of the ideas propounded by Turesson (1922) who originated the
method of growing plents from different olinmates under the
uniform conditions of a gerden., The name of Turesson will
remoin closely linked with this method of investigation snd
with the units of experimental texonomy which he first
introduced into scientific literatures In Britein the most
important work in this field has been done by Gregor on
Plontepo meritime. Crepor, Dsvey and Lang (1936) end Dovey
and Leng {1939) hove set o very high standerd of precision for
this type of work and Gregor (1938, 1939, 1946) has come to
conclusions of vital importance to the understending of plant
gommunities., The clonal trensplent experinents of Mexrsden-
Jones snd Turrill (1930, 1933, 1935, 1937) ot Potterne have been
of preat velue in a rather different woy for they have encbled
the renges of edaphie tolerance of individual genetlce constitu~
tiong to be assesseds

This experimentel study of netural populations has led to
a fuller appreclation of the relationships between local
commmities and to the recogultion of the factors which mn*uz;:ibutg‘a
to their formation and compositions. The aves of investigation |
hag in a gense been norrowed but the taxonomic implications of
the findings are of even greater fundementel importence snd ere
no longer the interest of the systemotlist slone. Uhe resulis

of such lnvestigetions cennot be desoribed in the languoge of

orthodox tLaxonomy ond the ecotype is but one of the units which
!

have been defined in an attempt to create a flexible system of f

population olassificstlon which will be, in o very real sense,




3.
complementory to that of the systemetist,

The true differentiation of populations has its origin in
hereditary voriletion, Moitif:lca.tory variation is the morpho~
lopleol response of the individus) to the prevailing conditions
of the environment and is of little interest from the
evolutionary point of view since there is no question of such
odaptatlons being inherited by succeeding generations, It has
to be remembered that modifications are almost invarisbly present
in plents growing in the wild emd though they mey only serve to
exaggerate the herediteayy differences, they may also distort them,
On the other hend, hereditary variation is the direct expression
of the peculler constitution of the genetic constitution of the
individuel end is, therefore, of primary evoluticnsxy importance.
& careful consideration of differentiotion reveals the faot
that the same faectors are operative whether it is the speoies, the
population or even individuel orgenisms which are under veview,
it also becomes clear that though it may be move simple to grasp
the importance of the factors at the higher toxonomic levels,
1t is at the lower levels where some apparent confusion exists,
that a real understanding of thelr working mey be gained. The
fundomental source of variation within the genetic constitution
of the orgenlam is constantly providing new moterisl through
mutations end through chromosome chenges. The mutation rate, thenx
of a species must provide o clue to the possible smount of
variotion within it but gives no indicetion of the actual extent
since other factors also play en important pert. NWatural

selection is perheps the factor which most readily comes to mind,

by
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It has been thought of as a sieve which eliminates non-vishle
mutations but Sinekejs (1942) eriticises this idea since, she
says, "each individuel heriteble change ..... becomes
incorporated in the entire constitution of & plant orgenism.®
This cannot be altogether correct since it is obvious that
lethal mutations preclude survivel in eny form snd thet those
which sre harmful render the plant more lisble to elimination
although 1t is true that those constitutions wﬁioh are not too
closely adapted to a given environment sre most bap&ble of
suecessful survival under changed conditions.

The extent and nature of the veristion is, however,
dependent alee upon the size of the population and in this
conneotion it is worthy of notice that the effective size is
limited to the nuwiber of mature individuals, Sewall Wripght
in particular hes pointed out the importence of this guestion
of the size of populations znd emphasised (1940) that with small
nurbers "selection pressure becomes ineffective while mutation=-

pressure is not affected.® Varisbility is in time reduced
in such populations with few breeding individuals and the chonce
fixation of even harmful mutetions is a possibility. In general]
the tendenay is towards a random drifting apert from neighbouring
compunities and as the reservolr of evolutionary chonge is
diminished, inbreeding mey lead to the extinction of a small
isolated population especially under stress of changing condition
bn illustration of this process at work in nature moy be
taken from an account by Sinskaje (1931) of the wild redish of
the sea~coasts of Jupen, She notes that the hebit conditions

favoureble to the growbth of this plant sre being destroyed throug)




Se
the agency of manj the nurber of hebitets are decreasing and
the sres is belng severely restricteds Under these
clrewmstences she ssys "on lmpoverishment es to forms bhas
indubitebly taken place™ end thinks it possible thet the speoies
will in time cease to exiat, -

The envirvonment is never uniform throughout the ares of
distribution of & specles so It follows thet even where there
is a high degree of continuity, local populations may become
differentiated in some degree in response 4o the selective action
of hebitat conditions. Vhere gene flow ig uninterrupted in
splte of partlal discontinuities, such large populations provide
o most lmportant reservoir of potential evolutlonery change bub
it is also understendeble thet with the ccourrence of definite
ecological conditions, changes may teke place within the genetic
constitution of the hebital community which form a barrier to
the free exchange of genes with neighbouring populations, Vhere
inter-brecding between such commmities is not impossible,
hybridisation frequently occurs only in o compsratively narrow
zone hetweon discrete populationse That thiz hybrid weskness
is probebly due to a loss of stebility or hermony within the
gene=compleox rather then to any selective setion accounteble to
the environment wmay be deduced from data colleeted by Summer

(1932) on Peromysous subspecies in Mloride.Ps ps slbifrons is a
"m}%ﬁm L)

pale type which inhabits the white sand beaches whilst the
inlend subspecies P ps polionotus isderk in colour snd found
on an ayes of derk sgoll. There ig a continucus gradient of

o rpélage-colowr chenge which is graduel until sboubt forty miles

inlend where it beoomes very sieep for a short distance and
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then resumes its graduslness. It appears thet this narrow zone
is the boundary between the two subspeoies but the interesting
point 18 thet it does not coincide with the boundory between the
two soil typese The sugpested explanation is that pressure of
an inecreasing population has caused migrabion cutwerds from the
B. pe polionotus ares ond thus extended the boundory of the
subspecies beyond the soil type change. It seems, therefore,
that though herediterily adapted for a different environment
and, therefore, sustaining some loss of protection agelnet
predators, fhe migrents are nevertheless more vapuble of
survival .- than are the hybrids which must suffer some loss of
gene~complex stebility. The division between populeationg is not
always so =bruptly merked, however, and in ceses where the intra-
population balence is not so finely odjusted, it is much more
common to find a gradual intergradation between the exiremes.

The faet that the environment has su effect uoon the
morphological charecteristlies of & speclien has long been
eppreoiated and & chenge from tall to dwarf plants is expegted
along a ronge from fertile, sheltered areas to exposed areas of
poor soils Suoh chinges may be due entirely to modifications
but if they can be proved to be hereditery, interest is
concentrated not on the morphologicel attributes involved so
muoch as on the direction of change, its continuvity and the
probable initiating factor.

It is,indeed, the gradual intergradatlon which is of
perticuler interest end which is examined in the present works
There is & considersble volume of literature which shows that

the variation which mey be obgerved under natursl conditions
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is not haphezerd end unrelated but the result of the interaction
of a verying number of factors. The snalysis of this veriation
together with a consideration of the factors involved make it
possible to assess the lmportence of the contributlons mede by
different sources and causes of chenge snd slso the degree snd
direction of the differentiation. It may be found that trends
in character veriation ere not always psrallel and that in some
cases the gradients oross each other at an ongle but it is
important that they should be recognised for only in this wey
will it be possible ultimetely to present a picture of the
internal hereditory structure of the population as a whole,

The fescue gpecles which are the subject of the prezent
investigation ere not in themselves of economic importance but
it was considered that sn sppreciation of the trehds which oceur
within such widely ﬂistribuwed”Speqies could provide a useful
basis for the understonding of the much more complicated position
which exliets within gpecies of crop plents.

It has been caloulated thet the temperature falls |
approximately 3°F for every 1000 feet of altitude "so that all
mounteing reproduce, according to their helght, a temperature
range corresponding to that between certoin latitudes at sea
level" Good (L947}). The mountains of Great Britaln are not
sufficiently high to reproduce o very wide latitudinal renge
but within the limits of this country, an altitudinal gradient
provides a falrly varied series of environmentel conditions.

The study of character differentiation requires the collection
of representative sumples from as many hebltats as possible and
the cholice of an altitudinel gradient encbled adequete seamples to

be obtoined in a relatively short time.
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II. THE SAMPLING AREA,

Ben Cruechen in Argyll (lat. 56° 25', long, 5° 8') vas
ochosen as the source of the material for the present inve;ati.-
gation, the chief reason ﬁbeing that the vegetation which covers
the greoter port of the mountain, is essentially of the grasge
land type and ls comparatively uniforms Agein a preliminary
survey of the area in 194 showed thet faséues ocour in almost
unbroken sequence from sea level at Loch Ntive to the swmit
(3689 fect), o reasoncbly extensive range o obtain in the
wountains of Greot Britain.

Ben Cruachen is an uwncultiveted grenite mess in which ‘the
moat widespread typs of rook is a grey hornblende-biotite-
grenite of fairly cosrse grain though a slightly wore acid pink
granite does ocour ot the highest sltitudes (Figure 1). 4
belt of sndesitic rock bordered to the south by & bhend of
dlorite, cuts the granite in the south and eaat but the chemical
enalyses show little significent differvence (Anderson, 1937).
A zone occurs on the perifery of the granite where the older
sedimentary rocks show the effect of contact metamorphism but
it 1s of small importance in the present investigation.
Porphyritic dykes ore feirly frequent in the granite mass and
might be expected to cause differences in the pl of the soil.
Samples of soil, howevyer, werve tested with the BDH Soil
Indicator and all haé. a pH ranging Beiwzen approximately 4 and
5.5 with the exception of one sample from the Cruachan Quarries
which occur on the Quartzediorite and rother swrprlsingly, one

from the summit. The comparaiive uniformity of the acid
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reaction is probebly due to the fect that the wnderlying rock
is slmost everywhere covered by o layer of péat of verying depthe

The area at sea level on the Taynuilt side of the river iwe
is geologleslly quite distinet from Ben Cruachen as it is o
raised beachs The cosrse pebbly send of the shore gave a
neutral reaction with the BDH Soil Indicator and so did the soil
in crevices of o sheltered morter-built well but sll other soil
samples showed an aeld recction. |

No records of the setual reinfall on Ben Uruachan sre
availeble but annuel eversges were obtalned by courtesy of the
Meteorological Offise for verlous westher stations in the
imnediate vieinity.

PIGURE IT,.

Weather 8tations in relation 4o Ben Cruachen.
Amnuel Rainfall Averages
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It has been suggested thet, taking into consideration ihe
pos:i.tion and agpect of the mwountain end the records for similar
mountain nusges, it mey be caloulated thet the average annual
rainfall will inorea;:ae from 80 inches at the Pass of Bronder to
at least 110 inches at the swmnit,

An exeminetion of the aversge monthly reinfall for the Looch
Awe, Oruachon, weather stotion shows that June end July are the
driest months of the year., Nevertheless, mist frequently lies
on the Ben at least as low as 2000 feet for considerzhble daily
periods throughout the year including these months end though it
may not add much to the rainfall, it must have the effeoct of
redueing trenspiration to & minimum end is therefore a factor of
considershle importonoe,

No observations are avallable for wind velocity but some
general. statements mey be made which et least indicate the trend
to he expeoted. Chapmen (1919) shows that there is a foirly |
ropid increage in velocity up to 500 metres (1640 feet) in respect
of light winds end up to 300 meters (984 feet) in vespect of
strong windss  Thereafter the increase ig generally less ropld
but alec more ervatle. These observations refer to the
etwosphere but it may be assumed that some compursble but less
repid inoresse in veloeity teles place along a rising land surface,

Durword (1921) noted diurnal variation in wind velocity ot differer

moy hove some beering upon the distribution of pollen since the
snthers in the fescues have been observed to dehisce mainly betweer

the hours of nine end eleven in the mornings

heights and the mein point of interest is that with 211l winds there

ls o tendency fowards o minimum veloolty shout mlid-day. This foot

X7
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Two altitudinal gradientz were chosen for the purposes of the
investigation and the fescus populations slong each were sompled
of intervels of 200 feet (Figures T and IX.)., In addition
gseveral habitet stations were sampled at ses level on the Taynulli

side of the Riveyr idwe.

1.  The Dayouilt gradient. Owing to the configuration of the

mountain, this gradient is in dwo dlvisions; 4, the lower with a
westerly aspecet extending from seo level at looh Biive up the
slopes of Meal wsmy Bach to 1600 feet, B, the upper with a south-.
westerly aspeot from 1800 feet shove Allt Gruiniche to the

summdt (3689 feet).

2 The Dalmally gradients This gradlent extends from 400 feet

at the Oruachen Quarries along the very even ridge between Coire
Chreaghainn end the velley of ALl ¥hoille. It has a southe
easterly aspuct end ls, therefore, shelteved from the prevailing
w:%.x%ﬂ. which is west to southwwest.

Marked similerities ocour between the Tayouilt end Dalmelly
prodients end one of the most obvious is the presence of bracken
at the lower sltitudes. Extensive puatohes and belts are found
on the Teynullt & gradient to 500 feet but on the Dalmelly
gradient the bracken grows to over 1000 feet. The bracken is
succeedad on Meal nean Hach by a nwrrow belt of lolinia-Nexdus
grassland which very soon gives place to & more level, very wet
area where yushes snd marsh plents ere frequent save on the meny
drier, grags-covered knolls. Theve is no equivalent sros on the
Dalmedly gradient vhich is on the whole, well drained and where
a fescue-Herdus grass srea begomes dominant as the bracken fails.

&% higher alititudes a similority between the two gradients again




riCURE ELEVATION OE THE CRUACMAVN MASSIF SHOW INC

AUT(TUr>|NAL CRADIENTS .
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appears with en extensive stony area of very poor, thin soil on

the Dalmelly gradient and a steeper, mors rocky continuetion of

P

the Teynuilt gradient to 1600 feets The B dlvision of the latter
gradient begins ﬁell above the bracken line, in Fescue-~lardus
grasslémc‘t and. is replaced by an aves of rock dnd sporse
vegetation rather similer to the upper portion of the Taynuilt &
gradient, es _-t.he alti‘tude' increases,

Bheep praze over the entire ares of Ben Cruachan but coitle
are elso found at lower altitudes on the Dalmally gradient end on
the Taynuilt sea=level raised beachs

Fescues ot sea-level ore sbundant, relatively evenly
distributed snd tolerant of a falrly wide renge of condizlons,
showing an obility to colonise habitsets such as the open seas
shore and the top of a dry-stone wall xn.;here other planits seem
unsble to survive, At other stations ob seaw~level, i‘esdues are
grmﬁing under ocndifions of severe competition ffom grasses,
mosses, bushes and even small trees and such hebitets are
sheltereds Dexuel forms ave predominent but viviparous forms
were alab found at two stations. This Taynuild area is.
undoubtedly distinet in its environment and is seperated from
the Cruachon fescues not only by the River Awe but also by an
aves of cuvltivated ground snd woodlend.

The distribution of the fesoues on the Ben Cruachan gradients
is levst continuous in the bracken areas bub even the most dense
growth of bracken mey be broken by boulders end where these are
ls',xrge enough, it is pasasi‘t;»le to find a smell colony of fescues
or even a single plant growing in a orack or hollow. Tescues

also ocour wherever the bracken thinsg out sufficiently ond it is
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obhvioun that though the fescue population is Limitod by the
ét@nsity sad sheding effeol, the bradken dovs not provide on
impassoble borrlers | Another obstacle to continaliy off |
Aatribution 1s encountered in the vory wot srous i’mv%imugh
Pagones mey ha fouad in suoh perts md have aven veen obaeryved
on suell groveld ielends in o stresn bed, they do not ampeoar to
survive in those ports which ore waterslogped throughout the
yeor except in unasuelly dry seasons ond where, poosibly, the
Lmising feotor is Lhe poor serobion of the scil,

In generel, sexvel end wiviporous Tormg occur topsther ab
81l sltitudes up to showt 2600 feot on the Toeynuild pradient
vhilat thowe this point, the sexusl form diseppoers entively
and the vivipsrous form is undovbtedly the dominent in the
mountedn vegetations  Indeed, the sexunl forms vre most comaon
at low oltitudes, the wiviparouws slomg at high aliitudes ond
in the Intermediaie zone tho sexusl sud vivipsxous sxe found in
Podxly oqued proportions though the sexusl forms ave very ss,gmi*aa
at gome stutlons wnd tend to set seed late wnd consequently the
amount of seed 1o smolle  The seme hrocd ploture is trus of the
Detmslly pradient though there the semusd fesoves do not grow
above 1500 feet ond though the vivipesrous form is frequent
thereaiter, it does not besome dominent until an elbitude of

2100 feet 1o veaoched,




1.
ITI, THE DELINMTTATTION OF CHROMOSOME RACES,
Various techniques were employed in an attempt to ascertain
the optimum method of preparing root tips of the foscues for
ohromogsome exsmination,

1. The Squash Methods Trisls vere cexried out using acetoe

csrmine sguesh technigue (Belling 1926, MeClintook 1929) mnd as
modified by Thomes (1940), The steining, however, wos not as
satisfactory se thet obtained using the Feulgen sguash method
(Derlington snd Le Qour 1942) and the acetocarmine method was
consequently ahendoned.

2. %he Paraffin Method. The result of embedding end sectioning

root tlps was a0 much more satisfactory then the squash method
“ that 1t wes adopted for the entive investipation.

Levitsky's fixing fluid (Lewitsky and Kuamina 1927) goave a czlearei'
result than on osule acld fixative such as Lo Cour's 2BE (La Cour
1931) and modifications of Navashin (Mintzing 1933, Randolph 1935)
were olso used successfilly. It is possible that 288 would have
given the most setisfectory flxation had it been possible to Pind
a reliable method of removing from the rool tip some substence
which became derkly stained by the oshic acid snd invariably
mogked the cells of the periblem so effectively thin an accurate
count of the chromosomes was en Jmpossibility. The usuol method
of using bleach 1o remove the osmie acld stalning was effective
for other parts of the root tip but was useless for these cells
whioch sre go importonte The chromie awld in other fixeatives
also tended to derken this mubsbtance but the resull was never so
completely dlsturbing, The Feulgen stoin was used until it was

suggested that the hydrolysis in Hydrochlorin feid could have the
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CHROMOSOME NUMBERS FOUND IN BEN CRUACHAM FESCUES.
)
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effect of making the chromosomes brittle and might, therefore,
cauze frapgmentetlon end thus render a count insccurate. Crystal
Violet was tried using the method suggested in Darlington and
Lo, Cour (1942) and found to be satisfactory but was aftorwards
replaced by Methyl Violet (Johonsen 1943) which geve better
definitione.

Chromogome races,

Samples of the plents gi‘cwing at eaoh station on the two
gradients were cbtained and sepsrated into two groups, (a) sexusl
and () viviparous. Root tips were token from each plent and
sections cut at 10/.;. The prepared materiel was exemined using
a 1/12" oil immersion lens snd X15 eyepiece with the following
results (Toble I).

TADLE X.

Chromosome oounts in Ben Cruachen Fosoues.

(a) Sexual (b) Vivipayous
14 28
2n 28
Chromosome 42
Counte. 49
56

The large majority of the sexual population czme under the
two pgroups (2n = 14) md (2n = 42)s The other counts recorded
for sexuol plants were all counted in semples from stations at
sev. level, The tetraploid 2n = 28 wos represented by & single
plent snd the eneuploid (2n = 49) ves almost equally vere
oceurring only twice but in dlfferent populations. On the other
hand, the octoploids (2n = 56) represented o small population

ocoupying & partially lsolated habitat and inoluding one of the

|
|
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FIGURE IV

THE DISTRIBUTION OF THE CHROMOSOME

RACES ON THE ALTITUDINAL GRADIENTS.
A

TAYNUILT DALMALLY,
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osourrences of the sneuploide 48 for as the viviparous forms
are concerncd all somples were alike in having the tetweploid
nwiber (2n = 28) (Pigure IV.) t

T4 is of interest to note that root tip seetions from plants
g%own from seed colleoted et the same stations were also exmined
and the cauﬁts ogreed. largely with those obtalned from the wild
plentse Only one eneuplold count, however, was obtained. This
would suggest that the smeuploid, whioh is very probebly o hybrid
hetween the common hexsploid (2n = 42) and the much rever
ootoploid (2n = 56) is infrequent snd, perhaps, does not produce
much viable seede

Jenkin (1934) has reported 2n = 28 for the sexual setaceous-
leaved fescues snd since the Ben Uruachsn fescues of this type
are oll diploid (2n = 14) save the solitary tetraplold individual
at seo level, it seemed necessery to endeavour to establish
whether or not the prevelence of the Alploid ruce on Hen Uruachen
is in sny woay & chance phenomenon. socordingly semples of
setecoous~leaved individuels were collected frum widely separated
arees in Britain snd examined for the presence of diplolds end
tetraploids. Again the sexusl end viviparous forms were

separated and the following results vere obteined (Teble II).




Chromosome counts from o survey of setaceousgw
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TABLE II,.

leaved fescues in Britalin,

Hexual

Viviporous

on =1l 2n =

28 2n = 28

Saottish Islonds
Shetlond
Barra
fona

Beotlond West
Inverness
Argyll Cruachen

Gilen Coe

Seotland Oentral
Perthshire Killin
Glen Ulova

Scotlond Bast
Hidlothian
Berwickshire

Ingland Noxth
Yorkshire

Englond, Southewest
Cornwall

teles Vest
. Qapdliganshire
Montgomery

HER

®HN

an exomination of Table 1L shows that the prevslence of

diploids on Ben Cruachen is in no way' exceptional but is in fact,

typical of the northern region of Britain.

but they are always of the viviparous type with the exception of
the sexusl tetyaplold et Taynuilt.
from diploid to tetraploid in the southern part of Britein is

gtriking and is worthy of a more intensive survey since it

The chenge in predominnce

Tetraploids do ocoux
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introduces sn interesting biogeographical problems From the
present deta 1t is imposmible to say where exactly the chenge

tokes place,

TV, 'THE BRERDEING STRUCPURE OF SEXUAL POPULATIONS.
1e  Diploids, & nunber of trials vere cerried out under
controlled greenhouse conditions to test the breeding relotion-
ships between populations. Plants from widely separated
eltitudinal shations were employed as well ag from nelghbouring
stations snd in 21l combinstions, seed was set cbundantly,
the fertility vercentoges renging from 11 per cent to 60 per
cente The seeds cbialned from these matings were subsequently
gorminated on demp {ilter paper and yiclded precticslly 100
per cent normel seedlings.

The self-compatibility of the plents used in these
hybridisation testes was also dnvestigated by reserving several
panicles on each plent for self'-pollination ond the vesults
obtained were in striking contrast to those for cross-fertilisi
stione The porcentoges of seed set ranpged from O per cent to
3 per centse These secds were also germinated on dewp filter
paper and practicelly 100 per cent germinated but several
producsd albine scedlingse

It is cbvious in the Light of these results that in the wild)
gelf~fertilisation is rare end that the seed which is produced is
almost exclugively the result of m"wé«-i‘ex‘tﬁ.lisation. Horeover
since menbers of populetions from widely-separated sltitudinel

stotions show no less ebility to cross than individusls from




19,
adjacent populations, it may legitimotely be assumed thet there
are no barriers of genetical origin, at eny rate, which prevent
a free flow of genes between populations throughout the area
invegtigoted.

A genereol picture of the distribution of the fescues in the |
area hes alrewdy been given snd to particularige concerning the
diploid roce, it may be added here that gcolonlal development is
not on the whole merked, although ot the lower elevetlons, the
distribution does not show atrict cohtinuity owing to the
rvestriotions imposed by the phytosocial environment. Again,
towards the upper limit of the oecwrrence of the sexual fesoues,
the density 1s reduced although the continuity is meintained.
2+ Polyploids. ODome trials verec also corried out with
individusls from polyploid populetions bub the resulis showed
that there is o tendency towards self-fertilisation. ‘“he
perventages ranged from .13 per cent to 30 per cent for orosge
fertiliged and from O per cent to 34 per vent for selfed flowers.
It would appear, thevefore, that though the polyplold plants mey
be self-pollinoted, they may as readily be oross-fertilised.
These remaxks con only vpply to the sea~level polyploids,
however, since no plants were avellsble from the much lass dense
hexaploid populations of the altitudinel ronges on scoount of the
late meturing of the seed.

There i1s no merked colomlel srrangement of the polyploid
populations in the areas The octoplold populsation s sea-ilevel
where polyplolds are frequent is psrtielly isolated from the

hexaploid populations but in close proximiiy to thems, The
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oceurrence of the hexaplolds appeers much more erratic on the
gradients then 1ls that of the diplolds but field observations
suggest thut this is due to the relatively much reduced density
of the former end not to any actuel discontinulty of distribution.
The slze and general appsarence of the hexoploid at the higher
altitudes is so similor to that of the diploids that it is
difficult to distinguish between them without close examination.
Its presence to the altitudinel limits shown in Figure IV ls,
however, unguestlonsble though no date are availdble for the
hexaploid chove 1800 feet for reasons slready glven.
3»  lnterproup fertility (diploid-hexeploid)s Some trials were
attempted but no relishle data have heen cbtained for intergroup
fertility for two reasonss In the first plave, several of the
polyploids failed to flower when cultlvated in pots entirely
under greenhouse conditions snd sgain, the polyplolds {lower at
least one week later than the diploids. However, considering
the extreme rority of the tetroploid sexual plents in the wild
even at sea~level where all groups mey be found within orossing
distonce of each other, it may be concluded that interbreeding
is very uncommon if 4t tekes ploce at all, It seems more
likely that the sollitery specimen of o sexuel tetraploid which
wag found is a representative of' the tetraploid rsce within the
setaveous~leaved sexusl fescuss rather then a hybrid between the
diploid and the hexeploid, znd even in the zbsence of experimentﬁl
proof, it doeg not seem wreasonshle to deduce thet the two |
groups of sexuel f'escues, the setaceous~leaved and the broudw

leaved represent independent genetic entities.
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Jenkin (1934) made veoiprossl crosses between Festuca rubra L,

(2n = 42 or 56) »nd F. ovina G. (20 = 28) but only with F.ovina

as the femsle parent was eny germinoble seed produced amd then
only 3.1 per cents The poor seedlings falled to survive., It
vould seem, therefore, that there eve intrinsic barriers to
successful orossing between the speoies as well os the seasonal
iselation although the latter factor elone could be sufficient to
keop the specles distinet. 4inderson and Sax {1936) are of the

opinion thot Tradeseantis hirsuticsoulis, becouse of iis early and

short blooming season, glves very llttle evidence of crossing with
Py virginiena, . genslioulate end s gubaspers vere pontons
although it is occasionally associated with them.

In regard Lo the setacecus~leaved sexuval fescues, it is
interesting to note that no triploids were found in the wild.
It is true thet only one tetraploid was collected but it seems to)
suggest thet tetraploids apye present within the srea end in thet
casa, triploid hybrids might hove been expeeteds Olesen and
Rufelt (1948) found thet in experiments with Sinepsls alba the
triplold enbryos formed as & result of interbreeding between
diploid end tetreploid straeins ave very frequently ebortive ond
they also quote Muntzing (1948) who found o simller stote of
affalrs wherve dlploid and tetraploid warleties of rye are grown
together in yleld trials. 1t moy be, therefove, that crossing |
does teke place hetween the dlploid end tebraploid races of the
seta.ueoﬁs-«leaved sexual fescue hut that the ewbryos are
frequently abortive, which would account for their absence in the
collection and possible rarity under natursl conditions, This

questlon also requires further clarxificotion.
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V. OB RELATTONSHIP BUTWEEN CGHROMUSOME RAGES
AND TaXONOMIC GROUES,

Morphologicelly the sexuval fescues from the Ben Urvachen
aresa are dlvided into two main types, one with getaceous or
copillary leaves and o split leaf sheath and the other, a lorger
plant with leeves flattened on the flowering stem at least and
an entire leaf sheaths The formey moy rea,aily he Ldeatified us
Fegtuece ovina L. sensu ampliss, In recording 2n = 28 for &
strain of Fo ovina Ly, from Wales, Jenkin(L934) mentlonod that the
czpillota form of ¥ ovine D, {= I tennifolis Sdbthe) is sald
to be dipleide This would suggest thut the Ben Urunochon
sebacsous~leaved sexual fescues muy be identified as Folenuifolia
8ibths but & oloser exeminetion of external chavagteristics
renders such an equation of taxonomie group with chromosome
nurber diffioult to maintain (Peble IIT)e. According to Howarth

(1924), in F. tenulfolis the fertile glumes are typleally ewnless

but may have awns up to 1 mm. in length whilst in ¥, owina @i
senss strict, the fertile pglumes howve awna of 1 wme o more in
lengths The lLerge majority of the plents collected in the wild
and of those grown from seed had muticous or muercnulate fertile
glunes but some had smell awns up 40 0.6 mn, in length. They
could, therefore, from the point of view of this character be

grouped under ¥, tenuifolis but measurements of lomina breadth

teken from plonts grown from seed agree more nearly with those

recorded for F. ovina L. sens, strict.. 4pgsin tronsverse sections

of the radical laminse renged from that described for

Fo tepuifolia to thet for F. ovina sens. striet. with intermediate

conbinations of the two types. Yhe lemina bresdth of the




23

*ageq

03 uwado Aturem|

“w 9*0~0
g =~2
wm G-z

*uado-40udmoo
W T

[

*SNOTICA
w =i

L-%
*RIo3OEITYd
Jo SUOTLRUTAmOD

WL G0-1°C

*J91JenD I0 PITYG
A2ROT UT DPOSOTS

q3o0us

32008
4
‘um (G*6=) 8°9

10edmoo
w -

4

snoTnIoqnd]

IO SNOTNISGROs
PUS PAISUC~-INOJ

W OE-2T
(g3 =4

paTesy jou “{eoTIdTLR
$0721500-T f2wAUDUBISTOS

JO Iodz SnonuLLuOS

I §*0-5°0

asuq 01 uado

=Lzrey

sampgemos  fyjoous

a3 mb 10 Yinox Isyjed

i
I0 $ICUOIONU

g~¢
SINI O*g-QtY
uedo axout
A
FA

Yroowms ATerel
fgnonisqnd JI0 SNOIqROS
Jznduz J9ujed

D o I0 09-

L=
MRy I
oY} POTseH
szow =mAouUsIslos
- JO Bupx uenoxg

2 G9e0-£ 0

as2q 03 usdo

yBnox
Aqsez I0 yoows

gyzTRUOIONE LT3X0US
| 0 {3Un(q) SNOOTIML

g=-¢
I GG=0E

goudmoo
WO Gz

4
snonzaqnd
IO YIOOWS JSOMTZ JO
SnoTNIaqeds ‘papunol
jsoure J0 Jrnduz
m gt

ﬁ”.HQ.H N.W - G
PITa9y
30U IZTNOIIO 4GS OUTS
papuact ‘emigouolsTos
Jo Bugz snonuzjuocy

U GOE*0

Hyyeeys

ygSueT AT

Joqunu TIORGOS
q38ueT FoToIE

Y33UsT STOTU8q
SIPOU SO Joqumu

aToTU=d MOTaQ
y33usg WNp

SoTPWLG JISTNOSTL

U008 SSISASUSIT,

qipeasy Ieupse]

*sonogay usplIes

sInuog TULCNs 2ongsog]

| eusy BIPT1I0<0 vonjseg

*Son0Ssg Uepdw) PUs (YIIMOH) SOT0SdS * TULAC DONGSeg USSH}dq UOSTINAWOD

*III TV




FESTUCA OVINA

TRANSVERSE: SEICTIONS OF LEAVES FRoM POPULATIONS

(CW 1o (“TAvVNoiur A, O ) , (b) 25 (taynuilt &6, 2000 J), (c) LO (“Dalmall-Y , £f500 )



2he
tetraploid from sea level is not sipgnifiomntly greater then that
of the diploids end the fertile glumes are typloally very shortly
awneds Purther, sn exemination without measurements, of the
material colleoted in Lngland and Weles and already mentloned in
Teble II, showed that plents with 2n = 28 chromsomes f'requently
had the cherescleristios of P tenuifolia Hibthe  There scems
to be no evidence, therefore, for supposing that Fs ovina Le
sens, strict. is tetraploid whilst ¥. tepuifolis is diploid.
PThe two chromosome races undovbtedly exist within ¥ ovine L,
gonss ampliss but the date at present swvailleble suggest that
the chromosome groups cut aoross the recognised taxonomic groups.
As Pax as the speolmens from Ben Gruachan are concerned, it
would geem that in genersl they resemble Fs tenuifolia most
closely but also display ¥. ovinag oh&récterist:i.oa and mey he
considered asz intermediates,

'.}:n view of the jporphological difficulties encountered,

a representetive number of prassed specimens of these sexusl
fescues were sent to Dr. LB O« Howarth with his pernission end
he very kindly gove his opinion on their identificuotion.  Some
he identified definitely as K, ovine lLe others os K. tenuifolin
Sibth. while others he thought were nevrexr to one then the other
but eppearing to be intermediates, were very hard to place,

The type ;vith some flattened Leaves and on entire leaf
sheath moy be broadly identified es ¥ yubra L, sensu. ampliss.
Chromosome nurbers of 2n = 42 and 2n = 56 have been quoted by
Jenkin (1934) from data provided by Dr. Sethi for F. rubrs,

materiel found in Great Britein and ixav}itsky and Kuzmine (1927) -
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peSTUCA RUBRA

TRANSVERSE SECTIONS OoF LEAVES FROM SEA -LEVEL POPOUA-TIONS,

(v aj (2, = 4i3) (» 30 (2, -1.2) e CO g (3, = sfe), X %o.
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reported 2n = 56 for Fu pibos subape oprubra vere gonuine Haok
whilst B48bhlin (1 929) gave n = L for F. rvbrs subsps swrvbra
var. genulna svbver, yulgeris (= 8. vubre fn vulgoris), Moude
glves 2 = 42 (1939) for F¢ follex so that there is no
possibility of identifying the hexeploid chromosome muwber with
Pe pubra alone and 14 would ssen that sgein chrowosome roces
exist within the group sens. smpliss,without any commeetion with
any one toxononio grouping.s  With referesnce to the Ben Cruachen
I, ;';zjm types, no distlugelshing differences naey be deteoted
between the hexaplolid and the actoploid plants snd on ;l;he other
hand, variation is present, making cowme known hexeploids nearsr
to the ontoploids tham to other hexaploides & further sourse
of difficulty Ls present in the form of the root stock. Only
some of the glfmta ara cleai&éélly stoloniferous whilst others
have en alwost entiryely tufted heblb of wootwstosk growth which
is chorecteristic of ¥. fullexr, buk on good suwthority it has
been decided to mf’mf to this group in generel as B, rubra,
(2uble IV).

Yhe texonomle clamsification of the vivipavons fesouss
pregents o Little difficulty. The chromosome nunber does not
provide any clue since different races renging from fn = 21 4o
on = 56 (Turesson 1930, 1931; Flovik 1938, 1940) have been
reported though onlﬁr n = 28 has been Pound in Britain.
Turesson eame to the oonclusion (1926) thet o1l the viviparous
fegoues should bhe grouped under F. ovine stbspecies ;&ﬁ[&mg
and that further subdivislons should he termed "apomiot® or

tamphiapomlcot® according to their degres of wviviparye Vhile
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TRANSVERSE SECTIONS OF LEAVES FROM PoPuLAT/OMS
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agcepting the main plan of Turesson's key to elassificatioﬁ,
Wimott (1945) decided that for ease of veference it would he
better to vegerd the vivipsrous fescues as & separate species,
Po vivipera, end further svbdivisions would consequently be given
the renk of subspeciess In this he agrees with a nuuber of
vwiters including partioulerly Scholender (1934.) who based his
conelusion on the belief that there could be no continuous
trensition from Fa "ovina® (preswmwsbly sensu mpliss) to
¥ “wivipere" as no awns are present in [, vlvipara whatever the
depree of vivipsry. This would scarcely scem to be a velid
avgument since ¥, ovine subspecies gapillots is distinpuished
from {'s ovine sensu strict.in heving no swns, and in some ooses
avms heve been found on vivipsrous types sand are actually used
in the olaussification of types or subspecies (Wilmott).

Regarding the British viviparous fesouss alone, the differencg
between them and the sexual foxms is very striking in the wild as
for as yeproduction is goncerned and it would seem justifisble to
renk them as a aeparaté speales but taking the area of distribution
as o whole, it has to be remembered that there are also senl-
vivipavous forms and though much work remains to be done, it
seems possible that in them mey be found the explimation of wuch
which iz ot present puzzling. In the present state of Inovledge
and partioularly in view of the different senses in which the
terms are uged, it does not seem to matter whether for ecage of
reference, the viviparous forms are given specifio or suvbspecific
ronk ag long as it ls remenbered that different chromosome races
exist, the relationship between which,remmina o be experimentolly
determineds It is of interest to note that Gustafsson (1947,

Pe267) is of the opinion that "there is no special need to specify
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snd neme the indlviduvel apomlets more then the biotypes of a

sexual species.®

Wilmott adepted Turesson's key to cover the various forms

which were found on the Ulg peninsula end this key has been used

in the present worke

KBY 70 THE TDENCTPICATION OF VIVIPAROUS RESCUES

(ppe 52 and 53 Flora of Uig)

Te Glumes I and LT not visibly metemorvphosed. (XI: with glume
IT in apleal spikelets metamorphosed, 812 mn. long,
sometimes longer, includes a single Norwegion subspecies.)

fe The three or four lowest glumes, at lewst on basal
spikelets, not at 21l or slightly metamorphosed:
glume IV not twice as long as plume IL,

£ 5ix to eight glumes ot the base of the spikelet

unmetamnrphosed, espe igensig mihi,

A# Pour glumes at the bose of the spikelet not at

all or slightly wetamorphosed.

1s Glure IL, as the vest of the lower glumes, short
hairye

L=

Glure I in the middle end aplceal spikelets
with o short point (e «5 mme long,

(b2 aea with o long drewn out point - includes
one subspeoies rather widespread in northern
Seandinavie, ) )

Ripe bulbils long end nerrow, clustered in a
thick bushy penicle, ond with rether strong
adventitious root formation.
ssp. faevocngia (Turess.)
conibe 0OV

Bulbils medium sized (%o 35 mms long), in a
moderately lex panlcle, and with weok adventitious
voot formation.
sepe Jomtlondics (Turess.)
COFDe NOVe

Glume II plabrous, like the reat of the lower glumes,
or at wost et the epex with smell sperse stlff halrs.

as/
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ae Glume I in the middle end eplesl spikelets with o
short point, (b: .,, with & long drewn out point =
one subspecies widespread in Torne Lappmark).

% Ripe bulbils long end narvow, clustered into a thick
bushy penicle, with strong adventitlous root formation.

sspe voogensis (Turess,)
conbe NOVe

%% Bulbils of medium size, Iin moderately lax penicles,
and wih weal adventitious root formation.

# Glume II gradually nerrowsd to the opexs (AFt «ee
with truncate spex - one Bwedish subspecies
restricted to isreskutens)

ssps norvepion (Turess.)
ot e N0V

Be Glumes IIT ond IV in middle and bosel spikelets
metemorphosed,  Glume IV twlce the length of pglume II,

~ ('his section includes nine Scendinevien spbspecies
znd two Seobtish, but no specimens collected in 1939 in
the Outer Hebrides appear to belong here., 4s the two
Soottish subspecies hove not yet been introduced into
British literature, I odd their desoripiion, extracted
from Turesson's keys

seps killinensis (il‘uress.) coribe nove  Paniole hroad
end bushy; oulm weak, soon inclined; Zleminee of bulbils
without markedly raized nerves - Glume IL glabrous, like
the rest of the glumes, or at most with smell sparse stiff
hoilrs nesr the tip - Glume II in middle and bassl spikelets
4=5 mma. long, of'ten pure green like the rest of the lower
pglumes ~ Glume I in middle snd oplocdl spikelets with only
a short points. - Perthshires Killin.

s8p. gecotico (Turess.) conb. nove Poniocle broad and
bushy; oulm weok, soon inclined; luminae of hulbils
without markedly raised nerves =~ Glume IX short hairy,
like the rest of the lower glumes, o« 1 mme broed,
penicle not secund =~ Bulbils medium sized { 4o 3% mm. long)
- Glune 1T in middle snd apical spikelets with a short
point. ~ More widely spread in Scoblend,

The identification of the vivipwrous fescues by mesns of
the key wos rendered dublous porticulerly by the length of the

awvn in middle eand aploal spikelets ond by the faot that Glume IV

wasn very frequently twice the length of Glume I in bassl spikelet:

Ur

(Teble V)
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One oxr two plants might be identified under Turesson's
descriptlon of ¥, ovina vivipars sapms geotica but the majority
ceme somewhat doubtfully under sapm, fgeroensis or sapm. ulgensis,
Almost without exception, however, at least one charaeter would
fail to it into the description although tuken as a whole, a
plont might agree more with one than with another,

It will be seen that the range of verlation among the
gorden fescues is wide sand since it exisis not only between, but
also within populations and even in individuel plants, it seems
reasondble to conelude that sny texonomie verieties based on such
varisble attributes must be regarded with some suspioion. A
similar conclusion must be drawn from the brief discussions on
the Fo ovina and I, rubra types thus giving further proof of the
value of an examination of areal snd ecologiecal distribution of
variation within the genetically independent units before
attempting to delimit infra~specific texonomic categories.

In oases where it is necessary to refer to groups in
texonomic terms in the following discussion, the undernoted
nomenclature will be adopted.

Sexuel setaceous~leaved type with split leaf sheeth, Py ovina
Viviparous setaceous~leaved type with split leaf sheath, Peyvivie

8125 521
Sexual types with lesves flattened on flowering stem
at least and entire leaf sheath, F. rubra
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VI. BEaMINZTION OF 1NE MATERILL.

It was necessury for the purposes of the preseat investi-
gation to examine living material growing under conditions of a
uniform environment, and, therefore, seed ond hulblls were
collegted from the pradient stations in the plate summnzr of 4944
and sown in weed-free soil. Soarcisy of seed and the feilure of
some bulbils to take root reduced the nuber of plants aveiluble
from some stations to less than the desired twenty<four bub in no
case were less than six plents used, They were tronsplented in
the experimental gerden in replicated plots as illustrated in

Pigoure Ve
Mpure V,
Arrengement of Blocksy

4 L I} N ' L. . i i . i i 4

deose % o%
koo &
MMM

é ] path

B0 % b
P oM
TER"

2% path

A

R 5
®

TR

b
E

i path

kxxk
"
st on #

2 pezﬂ;h

143{#?{
¥ HEME
K H M H

2% path |

o

JRa Rl
TR R

116" helween rows.

E1




33

Fo vivipara plante were planted in o separate layout from
F. ovina and F. rubra plents but the same method of replicsted
plots was employed. & Vsecan(:l aollection of meed and bulbils
waps made in the late summer of 1945 and the same procedure was
followed, It hod heen chserved, however, that the spacing was
raother limiting for the large ¥. rubra plents and it was increased
for all the sexual plents to 2 feet oll round but left unchanged

for the ¥, vivipars plants. Each lot was retained for exeminotion

over a period of two years.

. #ince it was considered impossible to obtuin for each plant
a mean value from a number of cbservations, the prineiple of
homotypic measurement which wos discussed end adopted by CGregor
et el, (1936), vas useds The measurement of Leaf Length and
Leaf Breadth provide an example, During the first yesr of
growth when the plants were purely vegetative, the lonpest redicall
leaf was taken from each plant end the length and breadih measured
This was repeated twice during the gseason and the graphs of the
maens for each population proved to he suffficlently alike in
direction smd ovrve for the three dates to Justify this method of
measurement and to establish the comparative acourscy of the
results (Graphs I and IL),

The dute weve exemined statistically, use being mm’ie in
particular of the Coxrrelation coefficlent end the Anslysis of
Vorisnce. Seversl difficulties orose in the method of
caleulation for the Analysis of Varisnce becauéa of the sbsence
of plents in a few plots owing to desths ond other causes snd to
unequal nurbers of plants ccourring in different plots of the

same populations Dre Re 4, Robb of the Mathematics Department
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Bhe
of Grlz-:\sgcw University gave very generous guidonce on the
modifications necessaery and a detalled note of the techniques used
518 Q;iimn in the Appendix.

A gimple fnalysis of Varlence glving only the significence of
the variation between populations had to be used for the sexual
1946 plants asy owing to a shorbage of growing space, the complete
loyout could not be accommodeted ag o single wnite The two
portions were planted in adjecent areas separsted by & 4 feet
path and since the homogeneity of the conditions had been
demonstrated in previous experiments, '1t was csonsidered— Justifieble
to use the results of the Analysis of Varisnce celoulations with
thé exception of the significence between Blocks.

YNost emphasis must be placed upon the remults for the 1945
plants since although in some cases & larger numbeyr of altitudinal
populations were avoilsble for examination in 1946, a wider renge
of meosurements was obtained for the 1945 plents. It is for this
reagon that Oorrelation Coefficients between altitude end the
various attributes have, generally speaking, been odoulated for
1945 plaﬁtm onlys. On the seme principle, Divergence Indices
(Gingberg 1938) have been ocsloulated for the 1945 plents.

The materiol collected from the various gradients and used

in the gorden experiments is summeriszed in Taebles Vi and VIT,
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TABLE VI,

Populations on Yeynuilt Gradients & and B
Py ovine and P, vivipara.

Lo oving Fo vivipera
Station Altitude 1945 1946 1945 1946
foat
30 0 X x X ®
8 6 x x
1 200 b4 X
2 h0O0 x x
3 600 x x
4 800 b4 x
5 1000 X x x
6 1200 x x x
7 1L00 x * 'S
L. 1600 x %
27 1450 x x x x
26 1800 x
25 2000 x x X b3
25 2200 x % b's
23 2400 x X x X
22 2600 x x x
2L 2800 x b 4
20 2000 X
19 3200 x
18 3000 x
17 3600 x
16 3689 x %
TABLE VI(a).
Populations in Taynuilt Gradients 4 snd 8
;E’h r@ra
Station aliitude L9L5 1946
feet
8 0 'Y x
9 0 X x
102 0 X
29 0 x x
%0a. v x x
1a 200 x x
ke LOO X
27 1450 x x
26 1800 x




366
AR VIX .

Populations on Dalmally Gradient
Po oving snd F. yivipara.

Pe ovine Fevivipars
Statlon Altitude . 1945 1946 1945 1946
feet

63 400 x x
35 500 x
36 700 %
37 5C0 X X x
38 1100 x x
39 1300 x
4LO 1500 x x x
L1 1790 x
L2 1900 X x
2;.35 2100 *
L4 2300 x x
46 2700 x

62 3100 x

FaptE VIL(a)

Populations on Dalmally Gradient
Fo rubye

Station Altitude 1845 1946
feet
63 AOO x x
35 500 x x
36 700 x x
37= 900 x
3 1300 %
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Gharaoter Ey’(easurémants

The longest rraxdi.éal Jeof from each plant was measured in
millimetres for leef Length ond Leaf Bresdth as has already been
explained. Plent Height wes teken os the height in millimetres
of the longest flowering stem snd the penicle on this siem
provided the basal spllelet on the lowest rachis for the
measurement of Spikelet length snd swn Length. These two
nmeasurenents were made using a X4 eyeplece with a micrometer
seale in conjunetion with the horizontsl Vernier soale on the
mechenicul stage of & mioromcope. The iun Length Pigure ohtained)
by this method hos not been converted into millimetres for the
purposes of the csleulationss The number of flowers in the basel
splkelet end the nunber of aspikelets on the ponicle were counted
at the sams time,

Potenilal Pertility wes colouluted for esch plent from the
figures for the nunber of flovering stems, the numher of spikelets
per penlole and the nuvber of flowers per spikelet, The detual
Fertility wos similarly caleulated from the nmuber of heavy seed
per panicle ond the number of flowering stemss

At the end of the second year of growth all the 1945 plants
were lifted, shoken as free of soil ss possible, and individuslly
welghed to give the totul welght of stock and root growbh., With
the 1946 plents the stock part of the plent wes skimmed from the
roots with a sharp spade to give the welght of the upper part of
the yiamf only.

The labit of Growth ratio was caloulated from measurements

Plovwering Stem Spread/FPlant Helghts 'The measurements were token
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when the panioles had. generally fully emeré;eéi from the sheath
but were not yel flowering. FPlont Height in this connection
iz the helght of the tellest psrt of the plent above the ground
and does not necessurily agree with the helght of the longest
flowering stem.

This method proved to be invelid for the sexual polyplolds
vhlch heve almost without exception sn evact hobit of growth, as
far as the flovering stems are concerned at any vate, The
spread in the cose of these plants includes the degree to which
stolons have been developed sg well as the lexity or rigidity of
the flowering stems The labter podnt renders the rabio less
aocurate olso for the plants to which it hes been applied since
it does not permit of a distinetion belweon n genulnely prostrate
plent and one which has a vexy lax flowering stem, but at least
1t is the only compliceting factor.

The Time of Flovering was recorded, socording to the
folloving scale, at weekly inbterveds from the fivst sppearsnce
of the penlcles until flowering had ceaseds The wecording Por
19th June has been used for the stotistlesl calouladions,

Plowering grode. Sexusl Plents.

1. spex of penicle appearing from sheath,
2¢ Padicle clear of sheath.

2ay 50 per cent of ponicles clear of sheath,
3¢ Panlcle expending.

hs Plants starting to flower (up to 12 per cent psnicles
flowering) s

He Plents flowering sparsely (up to 25 per cent penicles
flovering).

6. Plants flovering freely (up o 50 per cent panioles
flowering)
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7. Plentsi flowering abundantly (up to 7% per cent ponicles .
flowering).

8s Panicles not olosing but not still flowering.

9« Flowering completed but punicles not all oclosed.
10, Panlecles at least 50 per cent olosed.
11, Panicles all olosed.

12, Some panicles yellowing.

Flowering grade,  Viviporous Plants,

1. Apex of panicle appesring from sheath,

2« Panlcle clear of sheath.

3» 50 per cent clesr of sheath but none so for expanded.
Lo Bevliest penicle expanded.

5e Ponicles 12 per cent expanded,

6. Ponicles 25 per cent expended.

7TsPanleles B0 per ocent expended.

8, Paniecles 75 per cent expsnded.

9« &1L expeonded.
0. Yanloles olosinge
11. Panicles half closed.
12. Panlales closed, |

In order to obiein o figure for the smount of seedling growth

made by seeds from different altitudinal populetions tweniy seeda
were

Ywelpghed ond planted in sunde  The seedlings vere removed as

carefully as possible at the end of three months, all particles
of sand washed from the roots ond after o momentary pressure
between sheots of shsorbent puper, welghed quickly. The weipght
of ‘the seed was sublracted from that for the seedling ond the
meon volue caloulated from the resulting figures wes used ag wn
estimate of meadling vigours The experiment was repeated in

the following year.
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TELE IX,
1945 Diploid Sexusl, F. ovina. Taynuilt B,
Leaf Leaf Pleng Plant Habit of Flowering Potential Actuzl Spilslet Ly
Iength __Breadth Height Veight srowth Grade Ferkilit Fertility Jength Length
Popus |4A1lti-|tean Pliver- jia erd = 2 o ni ¥ oy i oI B A3 v T By T i n
lation| tude [Telue penes 100s 100s 160 )
e  [frde. mn of ib. Ragio of . of mn units
ezt Mo flowers sgeds) .
27 |3%50 | 298 <5243 6e3 Te8 1a01 5e5 g2k 535 5e1 Teole
b £33 .
25 2000 | 495 | T4 #5986 | 65 5.2 | 77 8.6 | 72 .25 5 L2 | 53 716 | 63 506 | 57 Lo | 62 7e3 | 65
*
24 12200 | 202 | €2 6648 | 62 503 | 63 B | 6L 14% | 55 6.8 | 57 600 | 59 36| 73 5. | 66 7.2 | 66
* ¥ ‘
23 lengo | 186 | 54 <6657 | 59 Leb | 73 8.7 | 65 1.78 | 56 6.6 | 52 L33 | 6 278 | 58 Selt | Sh | 11.0 | 65
) * * HK
22 |2600 | W8 | 67 6152 | 63 | he2 | 68 | 9 | 6 | 14 62 6.1 | 53 | 334 | & 226 | 55 | 5.1 | 63 | Bk | 63
uw@ammuam
Index betvsen 95 86 89 72 &1 57 75 77 54 5
end points ]
Simmificence
betveen 2% % R X% %
end ooints
Sorvelation
goefficient | .60 +e037 22k #0103 ++186 ++197 =L 37 =500
Sharacters X% x z == %
aititude
E' SIGNIFICANT AT OS5  pPoINT

* %

SIGNIFICANT

aT

Ol PoINT
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PABLE X

1946 Dipleid Sexusl, P, ovina, Taynullt A,

Meon Charactey V;alué'g »
Pape | 41t b LB J Py Fl oGy,
Peots T ey T 1576
10 Q 229 «6700 - 4.8
e
30 0 24 #5935 1546 341
ax e )
1 200 230 « 6200 20wk 3.8
2 400 236 + 6161 19.0 3eH
E %
3| 600 267 #6132 16.5 349
-
kL 800 245 « 5945 20.2 bet
o M o W
5 | 1000 296 » 6400 15,0 49
e A she
6 | 1200 . 273 » 6329 18.6 6.0
We
2.03k00 1 276 20170 1. 1940 540
Significoncs o
between xx
end points :
Correlation
coefficient ' +e470
charsolt, XX
TABLE XI.
191{-6 Di})l@id .‘Smcuml, 2‘.‘;3 G'Vj.nﬁlq T&ynuilt B.
Hean Choracter Values,
Pop. | AL, JLL LB o B FlG
BRI T NORNN ;- SO NOUDGIUN : - WG ISR - 7 12
27 | 1450 . 270 « 6540 17.6 He2
W e E
25 | 2000 192 +6312 13.7 kY4
*ede ”
24 | 2200 259 «6100 1743 5e5
e e
23 | 2400 209 6317 44460 6e3
22. 1 2600 187 1 . 6683 13.0 48
Slgnificence
hetween xx
end_points
* SIGHNIFICANT AT + OS5 POINT,

$ SlaNIFICANT AT - Ol POINT,
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VII, ANALYSIS OF CHARACTERS,
(a) Diploid. F. ovina.

Bince it 1s not possible to examine the totel sum of the
attr_ibufea, both morphological. end biologleal, which compose the
individusls of & population, it would be invelid to attompt to
form a true pleture of the relative position of that population
by considering the total of meesursble characters only snd their
distribution. ‘The greatest amount of informetion will be
derived from en examination of the distribution of variefion
of each avalleble character for each gradient, The duta shows
that the veristion is distributed in three different ways.

1, ¥n the {first ca.se;. the Analysis of Varience
caloulotions estchlish that there is not, ol eny rate, o single
unlform population extending over the whole gradient for the
oharaoter in question yet no trend in emy direction may be
detected, | This is illustrated by rendomly verylng mean volues
for Leaf Length on the Taynuilt A (1945 end 1946) (Tebles VIII
end X) grodient, Yhe individual plant records do not very to
any great extent from the mean for each population snd in some
cases, the differencesbetween populations are sstat:tatis::tlw
significant,

in explenstion of the random ocourrvence of varistion on the
lc;«wér slopes of Ben Cruachen may be found in the opportunities
afforded for colonisation. Though, as has heen previouély
mentioned, there lg at no sltitude any strongly merked goloniael
developwent, it must be admitted that on the Jlower slopes there

is a grester diversity of vegetationsl types, F. ovina is
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forced to compete for living room with many other species, often
of greater height though not necessarlly more capable of survivel,
ond there are greater possibilitles for o less dense colonisation
than oocur on the upper levels, The effective size of the
bresding population is undoubtedly smeller under the wore
scattered conditions and smpllescale genetiv drift is probably
responsible at least to some extent for these random Aifferenti~
ations, Voodson (1957) found examples of population velues in

Asolepias tubeross in U.l.h, which do not £it in with the genersl

genooline which he treced and attributes these upparent
dinorepencles to genetic drift "in which the influence of natural
zelection is dbsent or negligible® since he found that the
colonies involved were smoll and occur relatively infrequently
owing %o locally unfavourasble conditions.

2+ decondly the ebsence of a single unilorm population is
proved by the snelysis of Varionce calculations and a definite
trend of chonge correlated with increase in altitude is present.
an example of this type of verlation distribution is shown
merkedly by Potential Fertility (1945) for the populations on the
Toynuilt B gradient (Teble IX) end is probebly displeyed by
attributes which are most strongly influenced by the general
environmental ohonge.

3+ In the third case, the dnalysis of Variance caloulations
do not prove that any sgignificint difference exists between
populations end it cen be geen from the individusl plint records
that the veriebility is as great within each population as it is

between them. HSpikelet Length and Awn Length for both Teynuilt
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gradients, & end B (Tobles VIII and IX) displey thls type of
uniform dletribution of variation. It seems likely that these
attributes are of no aelective values

T4 mey be remerked thot whilst Leef Length illustrates the
first type of distribution of veriation on Teynuilt A gradient
(Tebles VITI snd X) 1% 1llustrates the second type on Teynuilt B
grodient (Tebles IX mnd XI)s A possible explonation of the
rendom oceurrence of variatlon on Taynuilt A gradient has slready
been suggested but the more irregulor climatic conditions must
elgo be nentioneds In winter the uppor slopss frequently have
a covering of snow for considersble periods but the ocourrenves
on the lower slopes is wmore erratic, The higher altitudes suffer
a more severe olimate and ave at cevtain seasons of the yeor
almost eonstently wroathed In mist which often extends down to
1500 feets On the whole it must be obsewrved that though more
exacbing, the environmental conditions of the upper slopes aye
more uniform then they sve at the lower levels.

It has elveady been estebllished by the experimonts on crossing
thet individunls from wldely se¢parated, mnd oven from the extrenc,
populations are cepsble of interbreeding but there 1ls s evldence
from the distribution of wvariation that, in faoct, the srea of each
grodient is not covered by & single population but by & series of
partislly independent populations. In particular, the large
degree of divergence whioch is shown by the Divergence Indices
for the extreme populations supports this view. Betveen adjecent
populations, certainly, the degree of divergence nay not he greut

but for the maJority of the cheracters, it is sufficiently large
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to Justify the olalm thet populetions mre at least to some degree
individnels The smownt of overlepping between noighbouring
populations for any one ochearacter is clwsys greater than the
depgree of dlvergence but the faet thot it is present, makes it
clear thet there is a difference in the frequency with which the
varlate ocours in the populations in q_uest:‘i.om Ag hag slready
been noted, trends assoclated with ineresse in helght con be
esbeblished but o glenee et the Divergence Indices does not
indioate that the amount of divergence betwesn populations beocomes
elthor greater or less with inoreasing altitude,

The presence of a significant differenve between adjscent
populations for one or even soveral attributes serves to emphosise
the diﬁcmti.mﬁ.ty which exists. If the populations were not to
some extent indepsndent, ‘such sigmrifi@ances would not ocour but
on the other hand, the asbsence of any evidence for significsnce
in tha-; case of some other characters nvoints 4o the inconpletenens
of this independence., This may be iliustrated by reflerence to
populotions 27 end 25 (Tavle ¥X); signifiocant differences ooosur
between these populaticns for both Leaf Length and Plant Helght
(1945) buk for no other ettributes.

The praph of the figurces obielning for seedling growth in
1946 is strikingly different from that for 1947.

Greph I3/
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GRAPH XIIL.

Comparison of Diploid Seedling Growth
in l9lg.6 and 191{-70
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The graph for 1946 shows & result vhich might be expeeted since
there is a decrease in the smownt of growbh as altitude inoresses.
The lrregularitles of the graph for 1947 are swrprising bub e
possible explgnation lies in the faot that whereas the seed used
in 1946 wos eollected from the wild populations themselves, the
peed used in 1947 wes token from the diplold plents growing in
the porden., The opportunities for cross-fertilisation were much
greater under the artificial conditlons end it is very probsble
that some of the seed was the result of arossing between pavents
which are normelly spatislly lsolated. The only reliable
indication of seedling vipour must be obtelned from the graph for
1946 vhich suggests at least that growth tends to proceed more

glowly as altitude inoreases,
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(b) Sexuel polyploids, Fe rubro.

(1) Taynullt 4,

It has not been considered worth while to exwmine the date
obtained from the sexuel polyploids of the Taynuilt A gradient
since only two (1945) and three (1946) populations were eveilsble,
The polyplolids at see level, however, present a complex picture
which merits closer attentlon. Although the szexuel polyploids
vihlch were growlng on Ben Cruschaon were all found to have the
seme chromosome nunber, namely (2n = 42), verying counts were
obtained from those growing in the quite limited srea ot sea=

level,

TABLE XXX,

I’opulaﬁion | Chromosome Nunbe = ]
Nunber Wild moterial Gagggglmatgggg%
8 42 42, 49
2 49, 56 42, 56
10a 42, 49 -
.29 42 L2
30e. k2 42

It is apparent from Teble XIY that two distinet ohromosome
roces exlst and that they are ospable of crossing end oocaslonally,
ot eny rate, producing viable hybrids. The problem of their
dlstribution {s less eapily solved until the biotlc environment
is exomlned more olosely,

Population 9 where the only octoploids were found,grows

sotually on and at the base of, s stone wall cemented with mortor
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end, incldentally, glving a neutral goil reastion., The h-ahi.'t;a'b’
is dry ond wellesheltered by trees and there is sn almost complete
abgence of competition. Populetion 10a is gmwiﬁg on the side of
a dry, grassy bsnk under the rather intermittent remains of an
overgrown hawbhorn hedge some hundred yords from Loch Btive shove,
The hebitet is felrly sbeltered save from the Northeeast which
is not the direction of the prevailing wind, Populetion 8 is
growing on the edge of a pasture fleld jJust above the River Awe,
The hebitet is agalin fairly sheltered with some gorse bushes ond
with several hewthown trees very close bhut the . riubra plonts
which were collected were growing In open spaces between the
taller vegetation with less overhead shading thon those of
Populetions 9 end 103;; Population 29 grows on the entirely
open shore of Loch Etive whilst Population 302 is also growing
in an unshaded hebitat on o roadside but in strong competition
with drrbenatherum sletius M. & K. Population 29 on the other
hand is almost entively free from plant competition but ocoupies
vwhat is undoubtedly the most exposed hsbitat. Taking into
consideration the phytosoolel envivonment, it would seem
reasoneble to conclude thut the ootoplodd By rubra is o race of
shaded ploces with o considerable amount of shelter whilst the
more common hexoplold is most sulted to exposed sreas which
would account for its wniformlity of ccourrence on the hillslde.
From present evidence crosses between the two ruces spperently do
ogeur ond it seems likley thal they sre sble to grow in hsbitats
intermediate between the shaded and the very expossd. In the

present case sn exsmination of the charaoter mean values and the
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Divergence Indlces (Tubles XILL snd XIV) does not glve muoh
| 4ndication of the presence of distinet morphologlosl differences
between the ochromosome races thouph, of course, it must Le
alloved that there is a considersble ampunt of natupral varietion
which must tend to obscure the true pattern. Bcher (1944)
found two ohromosome races in Veronice officinelis but states
that morphological separetion is impracticsble (p. 12)
However, it is clear enough that in the case of each charscter,
the hipgher Divergence Indices ccour between pure populations of
hexaploids snd those populations in whioh octoploids and
aneuploids have been founds, Agein, the statisticelly
significent differences which sre present, ave between the pure
populations snd the mixed. The greater degree of similerity
which night have been expected to ocour between the two hexeploid
populati&ns does in fast exist for most chovecoters amd only once,
in the cage of Actuwxl Vertility is there o significent dlfferense
betweeh the two, ‘The deta for Population 10a (1946) is perheps
o little surprising in its fairly close similarity to the data
for Population 302 until it is remembered that the actual
proportion of the different polyploid races in each mixed group
examined is wilknown sinee only representutive plants from each
hebitat were usedafor a chromosome counts 4 grecter number of
hexaploid plents swong those measured for Populatian 10a would
naturally render the mean value more skin to that for a purely
hexaploid population then to thet for s more mixed population.
Tor this reason, it is rather futile to obttempt to draw final

conclusions concerning either the morphologieel distinoiness of
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the chromosome races or the distribution of wveriation within them|
It would be nevessary for these purposee to desl only with plants
of known chyomosome nunber throughout,

(2) Taynuilt B,

Since onky two (1945) ond one (1946) populations were
avallable, no relisble conclusions could be drewa from the data
though sgain in o very limited wey, altitudinel trends similar
to those indlcated for F. oving could be disceraned.

(3) Dalmelly.

As has already been noted the only chromosome race found
emong the ¥, rubra plents on Ben Cruschen has a diploid nuwber
2n = 42, =@nd the plants from the '.Daimeally gradient are no I
exception. Tt seems likely that the populations axe individucl

but that there are no real barriers to continuous gene flow slong

the gradient since there sre none 4o few significent differences
between populetion mean values for the different attributes.

No attempt has been made to caleulate Divergence Indices under

the civeumstances. - The altitudinel slope is so graduval thet it
would not have been surprising to find o significent correlation |
between character change snd sliitude but the preseace of bracken
must be sufficient to erect at lesst a portisl borriers The

reason for the rother erratie veriation then becomes clearex

for the bracken doss not occur regulerly but in bands and potches,
bgedn as with the Fs gvina populations of the Teynullt 4 grodient,

these F. rubro populations ocour in the sres which is only

intermitiently affeoted by, for exwample, snow, snd 1o a much more

continuous degree, miste
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(o) Viviperous polyploide #. vivipara.

(1)  On the Teynullt & gredient no plants were avellsble
emong the 1945 plents save two populations ot scawlevel, an
insufficient nwiber for any detailed anelyslss With the 1946
plants, however, all the populatlons on the gradient wers
repregented in the trisls and Teble XVII shows how generelly
slmdlar is the distribution of veriation to that elveedy noted
for the sexual diploids on the same gradlent, The spperently
rondom distribution of the chorscter mesn values is very marvked,

(2) ond (3) The similerity in the aisteibution of veriation
is even more marked on the Taynuilt B gredient snd the sswme is
equally true of the populations on the Delmally gradient,

This strong. confirmation of the conclusions which may be
drevin from the sexuel diploid populations is very sotisfactory
but 1t also presents a new and puzzling problems  Though the
factors which govern the extent and direction of differentiation
nay be inxperf‘éatly understood, it is nevertheless possible to
appreciate that in oross~feriilising spdeies, the ailstribution
of variation is achieved through sexusl reproduction. It is -
mach more diffioult to wnderstand how diflTerentistion Letween
populations, and between individusl plents, oomes into heing when
the plents in question have & viviparous form of reproduetion.
If the plants are entirely viviparous, there can be no question
of any form of gene exchenge between individuuls and the only
possible source of further differentiation iz mutation. If,
howevey, the plents even occasionally produce some normel sexvel

flowers then the possibility of a limited smount of interbreeding
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EXAMPLES CIF UN USUAL FESCUE. PLANTS.

(Top) VIVIPAROUS PLANT WITAH SEVERAL FULLY - SEXUAL PANICLES.

(BOTTOM) SEXUAL PLANT WITH SOME ENTIRELY - VIVIPAROUS PANICLES
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TABLE  AVIT,
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PARIE  XVITL,
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PLBLE  XIX,

1946 Viviparous, ¥, vivipers., Dalmaelly,
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with consequent gene reconbinations pfovides en important source
of differentiation. Turesson found in his investigation of the
viviperous fescues that only two northerly districts had en
entirely viviparous form while the majority of the lorgely
viviparous forms, which included speoimens from Seotlmd, produced
o few weak shoots lote in the season bearlng some apparently norma]
flowers. BSome had all the floral parts but others had only some
perts wnd some were entirely rudimentery.  Jenkin (1921) also
found that similar hunger inflorescences were prodused late :.in
the season by v:lvipérouﬁ plents from Weles and visble seed vz&s
aotually obitalned under garden conditions, | The Hen Oruschon
feecues behaved in a similar wmonner but though apparently sbundant
1pollen wus formed and some flowers did appear o be entirely
normel, no seed vas found under gorden conditions. None of these
late shoots were ever observed under wlld conditions but the
possibility of seed being produced cennot be &&moréd..

Phere does nol seem to e much possibility of interbreeding
between ¥y ovina ond ¥. vivivere since the inflorescences on the
latber were not produae&,‘ under gorden conditions ab any rate,
wntil the F« ovina plants were well past the flowering stage,

It must be adnmitied i:kiad; enother serious objection to the
produstion of meture seed by these hunger inflorescences ..’
arises from the feet that they sre produced go late in the season
thet they must have a very brief period fovourshle for seed
ripenings, Since differentistion is so marked in the vivipsrous
fesf::ues; however, 1%t secms neocessary to postulate suoh a source

of gene reconbination in addition to the presence of mubtation
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FC9TUCA VIVIPARA. ETXAMPUES OF TYPES OF PANICLES FROM
Two SINGLE PLANTS.
(ToP) WHOLLY VIVIPAROUS AND WHOL.LV SEXUAI

("BoTTOM) WHOLLY VIVIPAROUS AND PARTIALLY SEYUAL.
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and 4% mey be that the limited ond intermitient amount of ecrossing
which is possgible, sccounts for the more. marked character of the
veriation. If voapionts srxe only produced at irregulor intervals,
the presaum' of natural selection mey be ellowed on uaususl length
of time for eliminabing individuels which show wnsuitability for
the environment whether to a grester oy a lesser cxbent,

Heribert Nilsson (1947, p. 141) has adyvanced the theory thet |
polymorphy in a truly epomict specles 1s o sign of sencscence.,
He argues that when the degree of epomixis becowes sbzolute, there
are probebly nillions of biotypes within suoh & spaoles but the
pressure of naturel seleotion graduelly rsduves ‘chi's nunher,
finelly to a few hundreds snd it is when the nunber becomes so
smell that their existence becomes most cobvious to the Laxonomiste
It has been postulated that the mubstion rate deoresses with the
inoressing age of a species snd what mutations ocour, would not
influence the few definite biotypes to eny spprecisble extent.so
that they wowld he wvery distinet from each other. This seems to
be o reasoncble theory wnd would £it the present cuse 1 it were
not for the observed shility to produce some gexual flowers even
though thelr presence under natursl conditilons has not been noted.

There is & further polnt which mekes it impossible to regerd

the Ben Cruachen F. ovina vivipera plants as completely vivliparous,

namely the production of epparently normal; entirely senusl plents
from viviperous bulbilss 4 completely viviparous plont 4310

wes colleoted on Ben Oruachen snd kept in the greenhouse for
oytologieel investligation. It was not remarksble in ey way

snd & root-~tip count yielded the normel diplold number of 2o = 28,
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In the second season, however, a sewmi-vivipsrous panicle was
produced and some apparenﬂy normal seeds were forimed, The
bulbils from the inflorescence were plented in one pot, the

seeds in onother and though the latter failed to germinate, the
bulbils rooted ond eventually became normal sexual plmnts which
hove remained sexusl each &amsan; Jenkin (1921) reported that
viviparous plants grown from bulbils produced some partially
sexual inflorescences in the second season, Seed obitained from
them germinated and yiclded four plsmt%s, two of which were sexusl
and two viviparouse Instences have been glven of vivipery
modificatorily induced but in each of the above cases, healthy,
normally sexuel plents developed from viviparous bulbils., Tt
would seem that Fs vivipara as found In Greset Dritain st any rete
is not completely viviporous end that some further investigotion
is required to elucidete the problems of the relationship between
the smexuel ond the viviparous, the question of the chenge in
chromosomne nurber being not the least,

A point of interest srises in comnectlon with Plant Welpht
and Flont Height measurements for the sexusl diploldss The
graph for Plant Helght 1945 (G‘rm'ph IV(a)) shows a deerease in mean
volue as altitude inoreases but Plant VWeight (Greph IV(b)) shows

an equal tendency to inorease snd this tendency is portloularly

marked for the Taynulld B grodient, Plant Welght for 1946 plant
(Graph IV(o)), however, decreases (with one exception) as al-ti%qdl
inoreases, The discrepency between the Weight figures for the
1945 amd 1946 plents 18 probebly to be accounted for by the fact

that in the first csse, the total welght of the plent was recorded
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whilst in the second cage, only the shoot portion was weighed.
Lt must be, therefore, that at higher sltitudes the root system
of the pleant inoresases at the expense of the shoot portion.
Balidbury (1940) hag noted that "depth of zooting which hes been
shown to vary between stroin and strain may determine drought- |
reglstance or survivel from potential 'frost-lifting's" Such
asttributes would be of great velue %0 plents at high altitudes.

The validity of such en interpretation is rendered dublous,
hovever, by theifact that with both 1945 end 1946 viviparous
plants Plant Weight deoresses with inereasing oltitude in splte
of the different metliods of welghing adopted in the two years,

It may, however, point to a general physiologleal superiority
of the tetraplold viviparous type over the sexual diploid st
high altltudes.

The data which have been pre:sented in the forepgoing tabie's
are sufficlent to show thet. the veriation which hag been exemined
is of a hevedltary nature., I1 is true that, for exemple, the
prograte hobit of growth of populations from the higher sliiiudes
had been exsggerated in the wild by the severe environmentel
conditions hut it is obvious that an inhevent prosiraieness is,
nevertheloss, included within the constitution of the individuals
| from thesé levels, The inolysis of Voriesnce caloulations have
made it clear that with very few exceptions and those mainly smong
Bo rubra, the Ben Cruschan fescue populations connot be regerded
as a gingle homogeneous unit. Statiastical significance is thus
added to the conclusions which may be dreawm from eye observations

and detailed measurements, Again, the results from two separate
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seed collections from the natural populations but grown in
succeassive years, ave fairly similer. Complete agreement would
have been more open to guestion than are the dissimilarities
vhlcoh have sppeared since in éaeh year the seed was collected
st rendom from the populations end must necessarily represent
somevhat different samples of the internal variation in each

case 'Y

VILI, DISCUSBION,

It hss elready been mentioned that the oim of experimental
texonony is to elucidate further the relotionships within the
most valuable ctlaaalficgtionﬁ of the systemotlsts, to add to,
rother then to supplunt thems In any osse, it would certeinly
not be possible to a:l;tempf to fit the systematists' unite neatly
into those proposed am a result of experimental investigations
upon some species without mony more experiments upon many mﬁe
" specles, It only leads to confusion when writers who have not
been oble to coarry out adequate experiments or, perhaps, ony at
all, hastily apply terms whioh presuppose a thorough knowledge
of the genetleal constitution and relationships of the orgenisms
These fundamentol requirements ore well stressed by Turrill (1946).
Hutehinson, Silow and Stephens (1947) hove been eble to adopt a
clasaification of ‘Gossxgium ﬁnto toxonomic seotions, species and
varieties which they say, closely resenble the coenospecies,
ecospecies and ecotypes defined by Cleusen, Keck end Hiesey (1933)
but this has only been made possible hy detalled gene’ﬁical

exomination in the course of which several groups previously

Bmry

, S£T
ol
e
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thought worthy of specific renk, were merged into one,

The validlty of the morphologieal eriteria which are used
to define species require close enelysis for the morphological
differences which hed been used to distinguish these "speaies
were found by experimental methods to be toenetically simple
and unimportant"s  On the other hond, in the case of Nountain
Timothy, the diploid closely resembles the tetraploid in
morphologleal deteils yet on the grounds of the eytological,
genetical and ecological differences, Nordenskidld (1945) has
conaldered that they ought to be given separate species ronk and®
in the light of experiment CGregor (1946) agrees, Morphological
oriteria, therefore, may in themselves be unrelisble guides to
the true relationships hetween orgenisms but they hove persisted
as ‘the mein means of diseriminoting between species and those
groups which were accorded specific rank by Linnaeus, heve
remained lergely uncliered to the present day. It is worth
noting in passing that even though biologists have failed to
agree upon valid, universelly-scecepted oriterie. for the apecies
concept, it has slways been felt to be o more definite natural
group then eny other to which taxonomie rank has heen given,
hence, probebly, the general acceptence of the Linneen groupings.
Nevertheless, the conaept of the species and the ldea of its
relationship to other groups has chenged fundementally from the
originel. In the time of Linnaeus specles were thought of as
specially created entities, finel and immutsble end only
requiring csreful enguiry to become clearly defined to the

observer, ‘This static concept, heﬁever, has glven place to the
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idea of the speoles os o dynemic level, a stage in evolution
which can not only be defined in the present state but, through
experiment, may even be traced in o oertain degree to lts origins,

Nevertheless, the exaot method by which the speoclea level
has been reached is not o matter of unlversal agreement.
Du Rietz (1930) defined the species as "the smallest naturel
populations permenently sepsrated from each other by a dlstinot
ﬁiacontingity in the series of biotypes". Huch an adequate yet
neutral definition can be accepted by all but whereas Goldschmidt
(19hQ) holds that species are formed by large systemic mutolions,
the majbrity of biologists are convinced that speciation is
wholly the result of micro~evolution, the slow accumulation of
gene mutations end chromosomel reconstructions under conditions
of verying environmental pressure leading 1o chenges within a
potentially continuous population, Goldschmidt does not
guestion this mioro-evolution below the specific level but
belleves that, ot snd above this level, an essentlally diffexent
process, macro~evolution, tskes place, It has not been proved
so fer that micro~evolution differs in kind from maoro-evolution
but 1t seems reasonsble to suppose from the evidence so for '
availeble that the difference is only one of éegree. Hutchingon,
Silow and Stephens (4947) consider the possible path of evolution
of the convoluted Lint hairs snd the epnnusl hebit in Gossyoivm
snd come to the eonclusion that sinece meny morphological
charadters are involved in each, nothing lese than an‘&x#ﬁgsive
rebuilding of the gcnotypé" would be asble t0 cauge suoh related

§
characters to evolve, "It is evident', they continue, "that
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this reorgenisation was accomplished by the acowsulation of gene
differences and not by eny 'ﬁmox*cwevolutﬁ.onary" chonge of the
type postulated by Goldschmidt (1940)"s  Whatever the mode of
evolution of these iniportent characters in Gossypiwa, ond the
erpguments of these suthors merit accaptanﬁe, even if the
pruduotion of & new species, genus, or higher category by large
systemic mutations could be proved, it would, as Simpson (1944)
says, supplement, not suﬁplant, the population theories that
involve selection acting on unit deviations of varisble but
usuelly smoll degree.

Timofeeff-Ressovsky (1940, P+127) says "although it is very
diffioult to give a definition of the species which would be of
general velue and of prasctical use in all groups of organisms,
we neverth@le as know that a high degree of bilological ipolation
is the most importent oriterions" This blologlesl lsolation
vhioh is such a vitsl factor in promoting discontinuity, mey
take several forms of which the most obvious ere those vhich
prevent interbreeding between species colonising the same areas
snderson snd Sax (1936) consider that it is seasonel lsolation

which prevents interbreeding between lradescantia hirsuticoulis

and T, gubesper var. moptano, two speciéé which moy iﬁhabit the
some oreas but rerely produce hybridss, The fundomentel
importence of genetical barriers belween species is emphaslsed
by Hutehinson, Silow and Stephens (1947, ps12) who illustrate
their point witlh the example of Gossypium herhacewm veXse

seerifoliwm and G. arborsum which eve deliberately grown in a

mixture in certein parts of Indie, Vigorous and fully ferdile
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¥y hybrids are formed os o result of free intercrossing but
later generations are feeble, obviously genetically unbalonced
and finally fail o survive. The short~term, economic
adventage of this policy is obvious but so also is the existence
of a genetionl barrier which does not prohibit croésing‘buﬁ does
prevent the loss of identity of the two specless

There sve, also, many instences in botanicel literoture of
speciey whioh ere copesble of modified interbreeding where
opportunity permits, though each retains its distinet specific
ochorecters seve only in e narrow zone at the immediate point of
contoot where the hybrids are formed. 4&n example is given by
Qockayne (1923) in the case of Nyrtus bullate end M. obeordsta
in New Zeoland; only M. obcordets is found in South Islond
up to late 41° end in North Island north of late 35° M, bullets
ocours alone sove for one smell isolated area where M, obcordata
oocurse Between lat, 44° end let. 35°, however, both species
ocgur and %here is a highly polymorphic hybrid populatlion betweer
Ms bullate snd M. obgordata., It would almost seem that these
iwn specles ought to be called subspecies in the sense of
Du Rietz (1930) who defines a subspecles as "a population of
several biotypes forming o more or less distinet regionel fucles|
of a speoies" were it not thet he enviseges a continuous inter-
gradation between subepecles wheress in the sbove caze, there is
o sharp delimitation.

fuxley (1939) hes spoken of the speoies as the "lowest
group~catepory between menbers of which fertile interbreeding

either is impossible or normelly does not occur® but,
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apporently, would accept M. bullats end M. ohcordata as separate
speeies in spite of the recognisshle, rqourrent interbreeding,
sinoe he says (1938) "the progress of taxonomic reseerch hes
brought to light numerous cases w-~-=- of the incomplete
discontinuity of speaies", Possibly an expleanation of this
difficulty of meking a universally applioccble definition mey
lie in the degree of stebility which has been reached within the
gene complex of the species, IExperimental work by Timofeefi-
Ressovsky snd theoretical investigations by Fisher snd Sewall
Wright have emphasised the importsnce of the process of bullding-
up of pgene complexes, haxrmoniously stebilised in different ways,
within populations whivh have become isolated from each other,
If, in the further prooess of expsnsion or migretion, two such
populations come 1o colonise the same srea but are unsble to
form vicble hybrids because of the evolution in each of distinet,
Pinely-balanced genetic constitutions, such populations are
cbviously full species, They would also qualify for the renk
of coenospecies according to the definition given by Gregor
et alie (1936) who define it as "zeparated from all other plahts
by sterility or by foilure of hybrids to produce vieble seed",
Fo pubra ond Fo oving ere exsmples of such species since, o8 has
already been noted, they' are found in close proximity without
interbreedings This is not entively due to seasonal lsolation
although the time of flowering of Fs rubra is ot least one week
later then thet of ¥. ovins end this mey have played an
importent part in carlier stages of diffeventiation, but even

where crossing has been sbtempted artificially (Jenkin, 1934)
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only o small percentage of vicble seed was formed ond no plents
were obtained from themy Such an exanple is in perfect agree~
ment with Dobzhensky's definition (1941, ps 373) of the species
as "that stoge of evolutionary process at which the once
agbually or potentially interbreeding saxray of forms becomes
segregeted in two or more seporate emré.ys whilch are physiologi-
cally incepsble of breeding®  The case of Myrtus bullate énd
M. gheordata does not sgree with this definition, however, and
1t must be concluded that the stabilisation of the gene-complex
of each speclies bag not procceded so faxr as to inhibit all
intexbreeding, yet far enouph to permit the groups to acquire
speoific gqualities of distinctness and 4o retaln them under
conditions where interbreoding is possible. In such ceses
where a high degree of equilibyium has been sttained, the hybrids
will be in & much less advantageous position owing to the
upsetting of the hermony achieved by the perent specien,
Recurrent interbvreeding is possible balb the hybrids will not bs
gble to compete with the parents and even if they survive, a
spituation such as Hubchinson, Bilow and Stephens have observed
in Gossypium herbaceum vers aserifolium snd G. arboreum is
likely to result.

An excellent e;'v:anqgle of the evolutionary imporitsnce of
balonced genomes mey be drewn from recent work by Valentine (1947
on hybridisstion between the Primrose, Primuls vulgaris Huds.
and the Oxlip, Ps elatior Schreb., the ohromosome number in both

cages being (20 = 22)e - With the Primrose as femole parent

shout 85 per cent of the seeds, which sve unusuelly smell, oontzi\irn

g
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enbryo end some endosperm but the germination is very poor.
On the other hand, with the Oxlip as female parent, only some
20 per cent of the seeds produced contain embryo and endespem‘
but show fairly good germinations. Yhe author believes that the
difficulty in obtaining visble hybrid seed is largely due to a
lack of halance between the genomes of the Oxlip =nd of the
Primrose, which causes an early degeneration of the endosperm.
Where the hybrid seed germinates, the Fy plents sre normally
vigorous, produce visble imllen snd mature germineble seeds, a
fact which the author concludes is due to the possession, through
first~generation selectlon, of penetieally well-balenced endosperm.
Further work on the situation under field conditions has been
promised, but since the Oxlip is confined to o smell area in Eest
Anglia with Oxlip-Primrose hybrids occurring on the perifery,
it appesrs certain that the lack of genetic balance in the
majJority of the hybrids provides sn effective barrier to the

swamping of one or both specics.

.+ A ooneept of the speecles which would be adequate to def'ine

specles of the type of Myrtus bullats and M. gbeordata in their
relationship to cach other at sny rate, would be almost akin to

thet of the ecospecies which is defined by CGregor et alia (1936)
as "separated from other parts of its coenospecies by restricted
interfertility or by failure of hybrids to establish themselves

in Nature®, IHybrids are sble to esteblish themselves ot leaat

to a limited extent, however, and in some ocases to persist for

a few generations go this is en instence of the difficulties

vhich arise when an attempt is mede to equate taxonomio
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catepgories with the units of experimental taxonomy.

To sunmerise briefly, the species of the alphe taxonomist
would seem to include groups showing deprees of discontinuity ‘
vearying from complete to falrly high, end where the 1iné is drown
must still depend largely upon morphological detalls in the
shsence of experimentsl date., Apparently the texonomie specles
mey include both the coenospecies and the ecospecies according
to their definitions from the geneticsl point of view.

A lesser degree of balence muy be envisaged within the gene~
complex of the subspecies as defined by Du Rietz (1930), The
ohief isolating Paotors in the case of this taxonomic unit are
geographical or it may be ecologlcal, and where such barriers
aye removed, interbreeding is fully possible. Under natural
conditions, howsver, intergradation between subspecies is
frequently found to ocour. Du Rietz (1930) gives en exomple of
the continuity between subspecies in the case of Celmisis
petiolata Hool. in New Zeelond where he distinguished ot least
three subspeoles each with a distinot reglonel distribution in
the Southern Alps bul continuously intergrading the one with the
othere. Vhere intergradation is not immediately obvious, however,
gubspecies may be thought to be worthy of species renk. Cain
(1944) Qﬁmtes the instance of the titmouse Parus mejor which
extends all over Iurope, south to Iren and scross Siberia to
Amur; P. bokhariensis extends over southern ssle and intergrodes
with Py major in Iren end with 2o minor in South China; P. minor
extends from South Chine to Amur vhere it occurs with P major

without interbrecsding. In this example of a "ring of races",
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Ps major snd Po winor could be ranked aos separate specles if it

were not knowa that intergradation exists between them through

P. bokbhaxlensiz, HFurther investigation in the £ield may bring

o light meny more instances of this type.
The emphasis is obviously upon the importance of geogrephioal
igolation. No douwbt In the last example, P, major snd E. minor
have eome to share the ssme area in Mmur in comparatively recent
times after seporation sufficiently prolonged to make interw
bresding lmpossible, Similer isclation may in time break the
chain of intergradation hetween the two subspeeles through
Pe bokharienses end as smell gene changes gradueslly sccunmlate,
on equilibrivm may be estoblished within the respective genetiocal
constltutions rendering orossing Ineffective,

Dobzhensky (1941), however, considered such en explonation
of the formation of an isolating barrier by the acoumulation of
gene changes to be genetically unsatisfactory and tentatively
suggented that "once an ineipient physiologleal isolation has
beconme initiated, natural selection will tend to strengthen it
and eventually to muke the isolation complete™,  That this may
indeed be the case has been shown by Stephens (1946) in the cese
of recently-differentiated specics among the New Vorld cottons,
Gossypium hirsubtum ver. merie~galonte and G. barbadense L.

The interspecific berrier is rendered effecotlive by mesns of an
isolating mechanism which depends on alleles ooourring at one
locus only zo that no seeds develop as a result of Interbreeding,

Although only some types are "carriers™, Stephens says that thoge

carrier types "in a mixed barbadense emd merie-gslsnte population
will have & seleotive advantage and will ultimately replace none

carriers.®
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The importence of geneticel isolation has slready been made
plain but it is Aiffioult to see how such isolation eould be
schieved under sympetric mm(ii{:i?ns wnd 1t would seem almost
essential to postulate some form of initial spatiel separation
unless a major 'syatemics mutatlon sueh as thet envisaged by
Goldsohmidt were allowed or, perhaps, a chenge in ploidy. It
is natursl to think primerily of geographicol isolation and its
importence is undisputeds An illustration may be talen from the
clear analysis by Crosker and Vood {(1947) of the initiation of
isolation through the Recent aridity in South Australis end its
effect upon plent communities. Species were fo:c-éed by 4the
sudden olimatic chenge into ecological refuges whence they
graduelly recolonised denuded areas whenever more suitshle
conditlons prevailed, bub lerge aress remained without vegetation.
Crocker end Wood are of the opinion that a considersble amount of
speciation has already teken place in wldely~separated hebitets
but that, nevertheless, the peried of time which has elapsed since
the beginning of the arid period has been too short for much
progress to have been made in this directions. The speed with
which speclation may occur is dependent upon a number of faoctors
and under the conditions preveiling in South Australia, two of
the most important mvst have been the edapho~olimatic range of
tolerance of a speecies, its powers of migration end the frequency
of the oceurrence of mutetion. Species suoh as Hucalyptus oleoss
end fi, grocilis with a wlde rsnge of tolerance were &éble 40 form
relatively wide and continuous distributions through successtul

wmigration from several vefuges and little differentlation appesrs
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to have ocourreds On the other hend, B, gladogalyx is found in
three separate localitles in South Australia, esoh the result of
a slow migration' from o single survival hebitat but in spite of
this continuing isolation, no major variation is reporied between
the three localities although there ere differences in vigour

probebly dus to edaphic conditions, In the cmse of Lcgacia

Sowdenil Malden end A. ,_Lg_@_gﬁ Molden, however, toxonomically
separate species huve been recognised, They ocour in areas at
a considerable distance from each other end the authors are of
the opinion that they have been derived from a common encestor
but are inclined to consider that the dlfferentiation has scarcely
proceeded far enough to warrant separate speoies renk.

4 further example of a somewhat similor nature is provided
by Anderson (1936), This author has put forwsrd the interesting

and well=-supported theory that Iris versicolor is a pre-~glacial

or inter-glacisl hybrid between I. virginioa amd I. setosa var.
interior. At the end of the glaciel period the hybrid was left
in o more youthful area which Fernald ( 1931) characterises ss
"the vast region of CUanada and the Northern States which has
become avallable for wholesale occupation by plants enly since
the decay of the Wisconsin ice, within the last few thousand yearsﬁ:'
Here, through geographical isolation from the parent species, the
hybrid was dble to bulld up o stebilised and independent gene-
complex so that nowadays it can colonise the same orea. as
Le virginioca with only e limited amount of interbreeding. ...

It must be remenbered that geogrephicel isolation does not

necessarily mean wide spatial iepdration end Mayr (1947) seys
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she term 'geograﬁﬁiaallﬁ lsolated'! ===~ yefers to any
environmental festor that effectively inhiblts gene flow between
two neighbouring populationa®™  The isclation created by
preference for different ecologioal habitats is glven prominence
in this stabtement and such isolation would certainly seem to
exlst in the example given by Du Rietz of the different
subspecies of Uelmisie peticlota in New Zealond. Turrill (1938)
has exemined in deteil the case of Silene alping ond 8, Gueubslus.
which grow in adjecent hsbitets in the French Alps with a
minimun of interbreeding. Fven more striking exsomples moy be
found in recent imericsn work on fishegs. Lagler ond Bailey (1947
found that two reces ozggbhnny'dmrter, Boleosoms nigrum,. hove
distinot geogrephical distributions but also cccur within the same
area whilst still .retoining their characteristics through thelr
preference for different ecologicsl hebitates Bl nigrum eulepis
Hubbs and Greene is found in quiet; slow-moving watérs with a
rother locse mud or silt bottom end a fair amount of aquatie,
vegetation; B, nigrum nigrum on the other hend, prefers.water
where there may be moderate wave action snd where the bottom is
gsomewhat flirmexs The two subspecles coour together in some
streams in Northemn Ohio but are sepregated in the breéding
seoson when B, nlgrup nigrum prefers to move upstveams - The
subspeciss retein their attributes wunder the wnlform environmental
conditions of coptivity and are copeble of free interbreeding,
Intergrading populations have been found end show that interw
breeding i2 equelly possible under natursl condltions were it not

that hdbitat‘preferénees keep the subspecies apart, Lager and
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Bailey quote a further example from Trautman (1931) of Notropus

volucelluss Three subspeocies ere found in three hebitats, small

streams wnd lokes, quiet backwalers or large rivers, open
channels of the rivers, within a single area snd though there is
intergradation at the boundaries of the hsbitats, the subspecies
gtlll remein dlsoretea

The ecologleal lsolation of sibspecies is not always as
apporent asg it is in the above exemples, or in the case of
species, becuuse of the continuous though diminished gene flow
but iayr (1947) says "In much of the current literature, the
subspecies ond the ecologloal wace, are trested as two completely
distinot phenomena. The tyruth is, however, that they are merely
two facets of a single phenomenons®  This is very true when it
is considered that every population is bagically en ecclogical
one otherwise it could not tolerate the given conditions and
would not existy

Further czamination of the lower units leads to the
conclugion thet since the fundemental basis of the ecospeoifie
asoncept is restricted shility to exchenge genes and there need
not be sn explieit ecologicsl or reglonal eriterion, the sube
species in Du Rietz's sense cannot elways be equated with the
ecospeciess Indeed, the continuous intergradation which so
frequently exists among subspecies makes this unit beoxr a closer
resemblance (o the ecotype which is not sepereted from other
ecotypes by the barrier of sterility. It is possible, therefore
for o subgpecles to be called quite correctly on ecotype snd this

has been done by Cluusen, Keck ond Hiesey (1940) in the case of
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Potentllla glondulosas Hince "ecotypes awe not always
moxphologically distinet® (ibid p. 32) however, and subspecies
ag systemic wnite are, the two terms sre not necessarily intér-
chengeables

Some mention may be made at this point of m atiempt to
classify agricultural orops on & geographicale-scologicalw
morphologlcal basie which igs to be found notably in the work of
some Russizn svthors and which introduces completely new terms
such as proles and grexe The limitations of knowledpe of the
language m&kés aiffloult en acourate understanding of the c:crmepﬁé
“involved but a general inferénce may be drawn at secondwhand from
the work of HSohiemsom (1946)s It would eppear that the proles

is conosived to be an ecologicel-moxrphologicel-~regional populaiion

E

below the texonomic rank of svbspecies snd may contain greges
which eve geogrsphically distinet groups (elso spoken of as
groups of verieties) with distinct morphologlesl charecters.
Subproles are also mentioned although it might hav_"e been thought
that greges would be sufficient, The names given to various
proles, to those belonging to Uxiticum pestivay sspe indor
europseun by Flaksberger (1935), for example, suggest o curious
mixtuve of‘ geographicaleacologicel eriteria whilst on the other
hand, the naunes given by the same author to the proles of

I. pesbivun sspe iranorasiaticun sugpest a purely morphological
basise The barleys have been similarly classified by Orlov
(1936} (quoted by Schiemenn) ond tbbugh the names of the proles
suggest morphologloal criteria, they are cansistently-alassified

on a geographicel or regional hasis,
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A much more full widerstending of the concepts is reguired
before any criticlsm cen he made but it may be szid now that it
seems unfortmeate that a further serles of terma showld be
introduced to complicate the oclassificetion of infraw-specific
groups unless it is felt that the artificial conditions of orop
plant evolution render inadvischle an application of those terms
used hitherto for natural populstiona. Nevertheless, if this
is the intention behind this clagsificebion ecotype is also
employed though its definition 1s not olear. Ciferrd (1944)
who mentions these terms freely actually equabes ecotype with
grex in meveral instunces bubl in other cnses sppears to consider
it a nore genersl and wider term thaon proles,

Yany systematlsts recogaise in the vaviety a venk lower then
the subspecies but one with a local rather than a ragional
application. Do Rietz defines Lt as a "population of one or
several biotypes forming a more or less distinet loocal fanies of
a specles" and also refers o it azs a “local race® and “the
lowest uait dn the series of taxonomlaal units forming more or
less cloged inter~orossing populatlions or syngeneous®, I
varietal venk wore alwoys used with such meanings ond 17 a
definite ecological besis wore present, theve is no reanon why
the term ecotype might not be applied to the systemetipt's
variety, luxley (1939a), however; would prefer to see 'variety'
ebendoned altogether as o texonomic texm on occowmt of the many
conflicting laterpretations given to it, Taken in Du Rietz's
éense, it would seem that the varietz)\impmea a lesser dogree of

discontlaulty then the subspecles bDut vawietal rank hoas been
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sonferred on the purely morphological grounds of a few characters
and “L:(‘ such a prineiple were followed to its logieoal conclusion,
the number of varletieg would be infinite. Bome of the
difficulties involved in a purely morphological classification
have been emphasised by Skalinska (1947) who not;};;;n the case of

"o great nunber of characters of the leaves and flowering stem"

of Valeriens officinalis L. the morphologicel snalysis of o numbey

of strains from nature has shown that these cheracters are not
regularly correlated, but, on the contrary, they appear in a
variety of combinationss Tn view of this, ony atfempt to sube
divide this polymorphous species into smeller units on a
morphologicsl besis must result in a Hilure. Thia iz Just what
has been done, however, particularly below the subspecific level
in meny specles, snd the result is not classifiocation but greater
confusion, Yet it is obvlous that such hereditary character
differcnces are of importence, although the degree of discontinuity
is small, and could provide a valusble key to the evolution of +the
species if the correot method of interpretation could be found.
Huxley (1938, 1939b) proposed the concept of the cline and
it would oppear that this is a possible means of evaluating
particularly those smell differences occurring at the infro-
specific level, differences vhich it is as fatal to true
understending to ignore as to trest as valid classifloatory basesy
The cline is defined very simply as a "gradation in
neagsursble charaet:ers"(ﬁuxley 1938) ond prefixes mey be added to
denote the type of cline which is involved under any given

conditions, "iecocline" may be used where the gradient passes
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through & succession of ecologlical zones or habitats whilst
"renooline™ is appliceble where a gradient in genes cen be
detecteds The ™opocline® has been defined by Gregor (1939)

as "a chorecter gradient tracing sn essentially geographieanl
courge. The eline concept then obviates the disadventage of
naming forms which when exemined by themselves sppear from the.
moxphologieal point of view to be distinet but whioh in actual
fact are only more cbvious points on a gradient of chenge within
a group. Iluxley gives several interesting examples of size
clines in relation to birds notobly wing length and torsus

length in the wren, Troplodyies troglodvies. By means of the
cline, it has been possible to de:;mnS'brate & North=South graduel
increase in size of these characters from Lcelend to Britain
pasaing through the Faroes, Sheilenda, wnd Pair Isie. Pifferent
subapecies had slready been named for cach area save Fair Isle
where the differences are so smell thot no one has felt tempted
to accord subspecific rank. The recognition of the aline,
however, shows the variation of the Fair lsle population in its
true perspective sud ls of great biological velues By this
method, therefore, heredltary veriation of whatever type, mey be
exzmined in detall end related to slmllar varistion in other sreas
thus ensbling sn idea of the pattern of differentiation in response
to varying environmental, or other, factora to be obtained.
411 individuel characters do not necesserlly follow the same cline
or are influenced by the some factors ond that en epplication of
the concept to Valerdens offiocinelis might heve fruliful results

| is shown by o further quotation from Skalinska's poper.
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"In populations exhibiting genle differentiaction, the verious
forms moy show some habital preferences. - If they ocour at the
Limit of two different hobitats, a gradual topographic separation
of two biotypes with a dlfferent genie composition may take place,
Presumebly such a process is at work in the mixed population at
Pinchley Viood, (Glos. where different external factors seem to .
favour a selection in two opposite woys.®

The oline concept hes heen successfully applied by Bdcher

(1944) on an ecological basis to leaf size in Veronice officinalis

He found that there waes an inorease in size on a cline extending
from open heéhitats through intermediate oreas into woods. In
this casze only the single character of leaf size was examined,
but in the cese of Viola Rivinisne Rehb. Valentine (1944) traced
an -ecocline involving subspecies in respect of general ohoaracters,
Subspecies minor is common in rather exposed arsas such ag cliff
tops and open heaths whilat subspecies nemorosa prefers woodlond
habitats and sheltered hedgerows. Between these two subspecies
a forma intermedis has been distinguished end this iz found to

occupy hebitats which are intermediate between the sheltered and

the fully exposeds JFurthermore, e topoeline moy be found running

east and south to the Balkans where subspecies neglects W, Becker
is found, A further example of the application of the oline
concept is given in the paper on leaf veriation in Asclepios
tuberosa by Voodson (1947) :who distinguishes a genoeline for
IA and enpther following the same direction but not of coincident
extent, for LB, betwsen the subspecles, 4, luberosa interior and

4o tuberosga tuberosa. Median length snd medien width provide a
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"series of rather poorly defined ecoclines," the leaves in the
north being in general longer than those in the south. The
nomenclature is in dovbt heve since as Woodson himself seys
Yenvironmental effect cen be dlscounted apparently because the
lines xrun contrary to the ecocline contours for length" and
suggests that the courses of the lines camnot "indicate other
then hybrid vigour" while the restrioctlon of population affeots
the course in the 5.W., It might be better to call it a topoecling

I4 has already been noted that different degrees of
discontinuity arc the bases of separation into taxonomic groups
at ond below the specles level, Below the subspecific level,
the depgree of discontinuity diminishes end the continuity is
on the whole more striking than the differences though whexe the
emphasis 1s placed depends larpgely upon the point of view of the

observer,. The systemetist, accustomed to classifying veriation

and arranged orgsnilsms into groups on points of difference, is
inclined to concentrate upon evidence of divergence rather than
of contiﬁuity'between units, Workers in the field of experimental
taxonomy are not all agreed on this questlon and Turesson, perheaps
22:??:336ctea.mneh of his materisl from extremely diverse ané
widely separated hobitats, i3 of the opinion thet hebitat-groups

axe sherply delimited. Cregor (1944) however, in sn exemination

of date presented by Turesson (1922) on Hieracium wibellatum

finds vndoubted support for the more widely-held opinion that
chenges teke place gradvally and emphasises that the relative
frequenclies of the three growth~hebit types in the three habitat

areas show that a definite intergradation is actually to be foundsy
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If discontinuity were the more striking snd unlversal condition,
the concept of the eline would not be so vreadily applicoble yet
the forepoing exenmples of reputed clines end meny more which
could be quoted, present reasonsbly valid evidence for the
existenoe of a large measure of continulty in veriation.
Purther possible elines may be deteoted in the paper by

Turesson (1926) where he cobserved thet in specimens of Festuce

ovina L. collected from different ports of Sweden, those from the
South had smaller spikelets thon those from Central Sweden while
the latter were in their turn, succeeded in the North by
populations of plants with stilll larger splkelets. Iere, then,
is an example of a definite and continuous gredient of chonge
relaoted presumcbly t¢ climatio conditions but it is o change for
which it is difficult to give a reasoned axpllan&tion unless it
is regerded as the phenotypic expression of linkege between the
gene for spikelet size and genes influencing some physiological
aspect of the plent. This is a somewhat leme interpretotion,
however, snd it might be more esccurate to coxxéiﬂer the gradient
as & topocline, Turesson also found, however, that there was
a gradient of increasing earliness from South to North so it
could Be that spikelet slze is closely linked with earliness in
the gene complex but proof would be required., 4 corresponding
variation in earliness was found between two populations from a
mountain in Leppland where the population at the foot was later
when grown in the experimental garaen than thet from a higher
altitude though the distence between the two hebitats in the

wild was only 400 metres (1312 £t.). Unfortunately no
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measurements were given for spikelet size for these two
populations 20 no comparison with the Ben Cruachen dipoilds
wag possible, Exceptions to the gradual chenge in earliness
do occur but they do not lessen the velidity of the gradient
sines in both instances mentioned, the populations ocoupy very
definite habltats; one the alpine region beyond Northern Sweden,
the other, the "alvar" (ealcareous rock) of the island of 31&11&
of'f the S.H. coast of Sweden.

Sinskaja (1942) oriticises Turesson for the 'belief in
digcontinuity which he maintains in spite of suoh observations
{1926) quoted cbove, and gives mony examples from her own work
and that of other Russian blologiste in aupport of the cline
which she considers to he a very velueble auxilisry concept.
She has added further auxiliary concepits in en endeavour to
clovify the somewhot confused position which éxists below the
lowest texonomic unit which she considers alloweble, namely the
subspecies, with which she identifies “lerge ecotypes differenti-
ated not only according to thelr biologleal end physiological
chayacters but morphologically as well,” The most important
concept ls that of the Yeso-clement" which is "the first stege
of divergence which grows wider as the phylogenetical process
procecds” and 1s further defined as " o morphological and
blologleal constitution formed within the population.”  The
emphasis is upon the entire constitution not upon individual
attributes and this is made plain in her theory of spiral}!,_g

overlapping ecoelements o representation of which is given below
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ir a.1 is thought of as sn ereot ecoelement a? ag medium and
ad as prostrote, it will be seen that the figures 1, 2 and 3
represent the hebit of growth which inaidanta;ly is being used
as en "indicator" attribute, snd this in the disgram shows a
gradual chonge from the ereet to the prostrate but Sinskaja
rightly emphesises that the letter "a" signifies not the
individual characters but the ecoelements in thelr entirety.

Thus o may he an ereot ecoelement at each level but the "at
constitutions are not, therefore, identiecal but merely snalegous..
This may be accepted as correct even in the absence of proof which|
indeed vould be practicelly impossible to chtadn 4n view of the
difficulty of examining any populetion in its total entirety.
Sinskaja does not mention the oline concept in relation to this
type of variation but her spiral is closely parsllelled by the
internol oline, '

The "isoreagent" is enmother auxillary concept used by
Sinskeja to cover chence deviations of no adaptive significance
ocourring under "unsteble envircnmentel conditions®™ Yet at
another point, she smays that hipghly specislised ecotypes do not
inmlqﬁe ecoelements which can be oppreciated, but may have one or
two iso~reagentss & contradiction seems to appear here since it

does not seem ressonsble to expeot to find e hipghly specislised
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ecotype under such environmentol conditionse

Howving secknowledged the difficulties involved in equating
the vnits of experimental texonomy with those of orthodox
taxonomy and indeed, the inedvissbility of attempting to do so,
the relationship of certain units of the two classifications have
been briefly reviewed and it must be clear that at least some of
the difficulities arise from the differing interpretations which
have been given to the various verms employed, Of the units of
experdmental texonomy, the concept of the coenospecies &end that
of the ecospecies have been falrly generally agreed upon but the
concept of the ecobype has been varlously interpreted.
Lawrence (1945) said "t is =w-- worthy of emphasis that the
concept of the ecobype must be completely divoreced from the
morphological concept of spesciles, subspecles or other texonomiec
éa-hegories" but a degree of overlapping is ineviteble when, as
has been seen, the ecolype mey coinocide with, for example, the
taxonomic subspecies. Neverthelesgs, it is all important that the
concepts should remain distinet emd it is, thevefore, vitsl that
the interpretation of the concepts should be clear and as far as
possible, widely accepted. Since so for this remains an ideal,
it is necessary to examine the ways in which the term ecotypé hus
heen used.

Lawrence himself through experimental methods, distinguished

five ecotypes within Deschampsia caegpitosa ssp. genuina, e
found that olonel samples from five widely separated habitats
Prom o climatie transect of Californis together with population

gsamples from Pinlend, Swedish Lopplend and South Sweden, retalined
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their peculiar characteristics when grown together under a
unifornxenﬁiranmant whether the altitude was 100 feect, 4600 feet
or 10,000 feets PFurthermore, each population reached its fullest
development at that tfial ground where conditions most nearly
approximated to the original hebitat, thus esteblishing that each
represented o dlstinet ecologleal population. In applying the
term ccotype to these five populations which are mmrphoiagically
similar but physiologlcally adepted to different environments,
Lawrence has followed oiosely the definition first given by
Turesson (1922) of the ecotype as "the produet arising es a result
of the genotypical response of an ecospecies to a particulexr
hebitat.® Clausen, Keck end Hiesey (1940), on the other hend,
also followed Turesson's definition closely in delimiting
ecotypes in Potentille plandulosa but the four major and two
minor ecotypes are all texonomicelly recognised as subspecies.
These authors =lso suspect the existence of two further ecotypes
which are not worphologicelly differentieted, within two of the
subspecies. Kovalev (1939) seems to have interpreted
Turesson's definition very broadly in his delimitation of

ecotypes within the cherry plum, Prunus cerasifera Ehrh. from a

[

very wide distributlion area. His ecotypes are in most cases
named aftor the geographical regions in whilch they occur and
gince it is not stated that they have been grown experimentelly
under wniform conditions, the evidence conecerning various
attribuies such as drought resistance, earliness of flowering etol
must he regerded with some dubiety. In any case the mein

emphasis has been upon morphological details and esch ecotype has
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also been glven speciflic or subspeciiic renk which mekes it
appear that the author hes talen for granted that the populations
must be ecotypes since they are morphologleally differentiated
and grow under different environmentsl conditions., If thils is,
indeed, the basis of classification us m ecotype, such an inexaot
spplication of the term must be deplored.

The ecotypes in Degchampsis caespltosa ssp. genulna and those

in Potentille glondulosa hove this in common thet they are
gseparated i'ron} each other by a spatial interval even though as in
the latter case, there ls intergradation between theme Clausen
et al. elso note, however, that "each of the regional ecotypes
contains o complex of biotypes" and give the cxample of

Pe plonduloss sspe reflexn from Tuolume Canyone. This is the
foothill ecotype but it extends to relatively high levels in this
particulay cenyon and when plents from these higher levels are
grovn under uniform conditions with plents from lower levels of
the same conyon, they show & more dwerf hebit of grewth though
there is no difference in earliness, 'The authors thus recopnise
ecotypiec differentietion within the ecotype though they do not
attempt to examine it in detalls As has already héen noted,
Singkeaja goes further in introducing the oconcept of the ecoelement
but the conecept of an internal cline related to a particuler
environmental factor would seem to be the most universally
applicoble and most generally informative when desling with such
variation. Cregor (1944) comes to the conclusion thet as. the
ecotype as recorded by Clausen et al., and meny other writers,

really denotes "those populations which oscupy a particular ronge
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of ecotyple varlation on an ecocline™it ought preferably to be
ecalled an ecoolincl subspeecies =nd saggested that ecovlinal
ecotype “should be regerded as a subjective category of a
subgldiary and complementary scheme of classlficotion designed
to record the general trends of ecotypie differentiation.”
This proposal would restrict the application of "ecotype® to
ranges of charvaoter variation snd would meke 1t & more precise
term, more finely adjusted to Turesson's original definitleon.
There is mach to be said Tor such an intexpretabion, the only -
ob jeotion perhsps being found in the use of "subspecles® even
thaué}m pre:t‘ixari by "ecoolinal® since this term 1s so well known
though veriously interpreted, ‘ﬁaKOnomiaally-g Iaxley (1942,

Do 406) however, suggested thot while subspeoies have usually
been defined with a geographioal bosls, there is no yesson why
other bases should not be employed as long as the particuler
basis 1ls mede clear by, for example, prefixing & for geographleal,
B for ecological and so on, The value of this interpretation
off the term ecotype is obvious in the case of Blanbape maritlma
where Gregor (1938) delimited three ecotypes, decurbens,

aseendeng end erveeta, within vhat sppeared to be a population

containing & confused number of verlate biotypes. Arreanging

the colonies on an edephio bagls grading from water-logped mud
to relatively fertile coastal meadows, Gregor polnted out that
each ecotype is represented in each edephic hobitat but

represented in different proportions, decunbens becoming less

frequent, ereots more frequent os the gradient passes fo
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edaphicelly better conditions, It is interesting to note the
similarity of these ideas to those later put forward by Sinskaje
(1942) ond. it sems most probable thaet she would hold that these
ecoclineal écotypes are analagous with her conecept of the
ecoelement, It seems unnecessory, howswver, to coin a new term
when the famdliar ecotype may he used.

Sinskaja ewphasis the need for exomining whole "morphologleal
and biologleal constitutions™ buit while this lg certainly the
ideal, it is impossible of {ullfilment not only on asccount of lack
of adequate knovwledge, a stubling block which may in time be
overcome, but on account of the length of time lnvolved and,
therefore, the cheanges which mey teke place in the constitutions
before an investigation could be completede It im, howewer,
true to say thot some factors are of more ilmportence then others,
some aspeats of the life of the orgenism bave a}pgm;xtar effect upon
its survivel ox evolution. Therefora, efter caveful consideration
certain attributes may be found to be partioularly wvalucble as
indicators of the whole constitution. It is, nevertheloss,
useless to examine individuel indicator stiribuies or veriation
in general except in relation to the primery factors which
initiste the difforentistion. Gregor (1938) for instence,
reolised that habit of growth was an lmportent indicator attrdbube
of the sea plantains from thdedsphic point of view although if
considered by itself this character could not indloate snything
hut the presence of variates in a populations Regarded In
conjunotion with the edaphic conditions, the true sipgnificwnce

becomes apparent end the value of growth hsbhit as san indicator of
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conabtitutional change in welation to environment may be appreciate
With veference to the dlstribution of vardsetion in the fescue

poputations (Fe ovine end P, vivicore) of the Ben (ruachon sres,

1t would seem likely that the nost sstisfactory interpretetion
may he obtained by an examinetion of the material in the light of
thege conclusions. It 1z obwvious thet no ecoolinal subspeocies
cen be delimlied but a pabtern of differentlation cwn be troced.
Omitding for the present the polyploid population of the seawlevel
areay it Lo possible to state thal the fescue population of Ben
Cruschan can be Little affected by edephic conditions since they
axe comparatively uwelform throughout, feograpbioel isolation
in the ususl sense le non-existent snd the small degrze of
gpatiel lsolabion is lorgely dne to the phytoscaial envivonments
There is, however, a definite chenge in climetic nonditions

with inoreese in altitude ond sinczen the statistioal results prove
that diffevences in cerdasin abtribubes are correlated with
altitude, it must be obvious that the climatice :f‘au.tc}r gxeris o
pov;e:ci’ul gelactive influsnces OFf the vearilous characters which
have shovm a definite gradient of chenge corrvelated with
incresging helght, the most easily observed at ell times of the
yoar is the hebit of growths The total height of the tallest
flovering stem does not prove to be sueh & useful indicator

as 1t is Jilfficult to estimete on eccount of the gonervel laxncas
of the plentss If, then, hebit of grovwth is teken ss an
indicetor attribute, it is poasible o define three ecologloal

ecotypes, Jdecumbens, sgcepdens snd grecte on a olimetle ecocling.

The wuit populations at the Lower levels sre almpst entively

e
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formed from erecta whilst those at end near the summit consist
almost exclusively of decunbens end tfxe: intermediate stotions
shovi a gradusl chenge in the frequenoy of the ccdurrence of both.
It ought, perheps, to be emphasised here that the term ecotype
can only be applied to & population not to en indlvidusl ond,
therefore, there con be no confusion hetween the ecotype
decunbens for example, and what might be called "forma prostrate!
by the orthodox texonomist. As with the hebit of growth and
plent size, the lamine lengih and fertility of the populationsg
decrease with altitude whilst leaf breadth end carliness inocrease
g0 that ecoclines related to the climetic conditions mey also be
de;t‘ined- in respect of these attribubes.

These gradusl changes correlated to increase of altitude
are distinet only from ebout 1,400 feet. 4% the lower levels
an impression rather of & rendom distyribution of veriation is
obtained and in the dlscussion of the results this was attributed
to the phytosocial environment. Thus the populations are not
continuons although the spatiel distsnce would not sppesxy to be
sufficient to prevent eross-pollination. Bateman (1947),
however, has shown that contzminebion in Maize fslls shorply
within the first ten to twenty feet and thet at o distence of
sixty feet, it has been reduced to 1) . Bxperiments by Jensen
end Bfgh (1941) with verious erops (quoted by Bateman) have given
very similar graphlosl curves for ryegrass snd cocksfool although
1 the distences involved are increased owing to the greater: ...
buoyancy of the pollen. Nevertheless, "there is an appesrsnce of

o winimal valuve beyond 500-600 m. of &bout one~twentieth the
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concentration (of pollen) at the source. " Fur'ther,' Gregor (194.6)
found that "in the v?indwpollinated sea~plantain a spatiel
separation well within the dispersal limit of pollen is
epperently sufficlient to afford a degree of isolation which will
allow communities to assume a genetlc individuelity of their own.”
If, then, a comparatively short distance cen reduce crosgw
pollination to such an extent, the feswcue populations have
probebly asquired part of thelr individuality through the process
of genetio drift (Wright, 1940) since they are smell in size,
Spencer (1947) was eble to present an excellent illustration of
the rendom variation within small populations from his investie
geﬁ:ions into the genetic constitutions of "village“populations

of Drosophila immigrens. He found thet in these smell colonies

of flies overwintering in favourable conditions and isolated from|
all other colonies, & mutent gene of no selective advantage could
attain o high frequency in the following breeding season and,
provided 1t was not actually hermful, covld persist presumebly
for years. Different "village" colonles showed a preyalence
of differing mutetlions according to the reservoir of potential
varisbility in the flies which e.hﬁncac't to survive the severe
winters. With plents, once & colony hes become isolated, there
is less possibilty of new additions to the reservoir of chenge
and, therefore, even more likelihood of marked differences
between ooloniess. Fisher snd Ford (1947) have, however,
emphasised the inadvissbility of attaching undue significence
to the evolutlonary importence of chance mutations in asmall

to
igolated commmities, They have come/the conolusion as a
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result of experiments with the moth Ponaxis dominula Tey that
“the obeerved fluctuations in gene~ratio are much greater then
could be asoribed to random survivael only" and postulate that
natural selection which varies from time to time in dlrection
ond intensity, is a vital foctor whetever the size of the
population so that while the Sewall VWripht effect is unquestioned),
its ultimete importence from the point of view of evolution may
not be as great as some authors have been inolined 1o believe.

The selective sction of the environment may be treoced in
spite of the lrregular nsture of the distribution of varistion
in the fescue population et the lower levels since there is a
tendency, somewhat illedefined it must be admitted, for et least
gome of the character ecoclines fo be reflected there slso, It
does not seem wnreasondble to suggest that the effect of the
gpatiel isolation coused by the phytosoelal environment is
greater at the lower levels then the influence of the climatie

factor but thot the latter is also effeotive,

IX, CONCLUSION,

Professor Huxley has sald (1942, p.38), "the description of
internal olines when such exist within subspecies or‘mmnotypie
species will serve as a useful corrective to the false sense of
regional uniformlity conferred by & binomisl or trinomiel name,"
This is sbhundently olear in the cage of the Ben Uruachan fesoue
populations which the data have proved to be the veverse of
uniforme. It would neither be helpful nor yet in accordence
with the facts to name the mountain population of Fegbuco ovina

for exswple, ¥, ovina ver. montene nor would an lmproveuent be
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cffeeted by Jdesigneting P ovina ond Fo yivipsrs ay mountain
enotypes.  Such treotment does nob go fer enough ainece 1t only
sevvan to throw into velief the fact thel the populetions are
aspeble of survivoel wnder mountadn envirommentel conditionos
Hove informetion would be glven by & delinmliation of low-lowval,
;%g};_wm cnd highwlevel ovotypes since at least some eootypio
trend would be suggssted within the eresl population buk saoh o
dolimltotion would also suprest definite boundorices whioh do not
in oot oxlats None of these treotimonta of the Pesoue
populations glve woy Indicotion of the notuve of the sdoptotion
whilch pey be chserved noy e 3t posplble to deduse thorefrom the
proboble relotionship with populations Gooupying other types of
hibitete  In chort it is both futile wd Inocourate to give any
;aﬂ;s;;uil.e:fi;ﬁ.f:«fﬂ ecotypla status without reference 1o the elw.mcﬁ:m_rﬁ. atlas
of ot lesst one other population on the sowe eonloglind pradient.

& further objection to designsting the srvesl populstion a
mownbain eovbype ory for that mettor, dividing it into Jowelovel,
mid-lovel, ool hichi=lovel eootypoes, torms thot infer olimstic
influence, 4o thet while W Ip quite plain from the measvrement
dota thet the distribution of maoh of the voriution is olosely
related to olimate, intoynol trends would not only be levgely |
igaorad hub thls cloasiflestlon would slgo preciude the ‘.t”é@‘t}g,ﬂ‘i‘biﬁ)la
of varietion rolablng to sny other covirompentel influence or else
the populetion wonld require o hé nomed egoein in respeot ofy Por
oxonple, its blotie rvelationshipss The fizst alternative is
parbiel and wnsetislootory vhile the second is both uvnorthodox

wid pleinly ohourde
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The total ecotypic veriation within a population will never

be found to be related to a single environmental influence though

=)

one factor in the environment mey well have a predominating eff,’ec{r,

ag olimate has in the case of the Ben Uruachan fescues. The mosi':

satisfactory method of recording the veriation, therefore, secems

to be the application of the idea of a character gradient in its

relation to the environmental factor which influences the gharacteéer

in question. In the present material, the definition of a
oclimatie ecoeline in respeobt of hebit of growth not only
agknowledges the exlstence of en internal trend of veriation but

points to the related agent in the enviromment and also indicates

the most obvious evidence of heredtaery adaptation, The choice of

an indicator attribute is not en easy matter especially where a
number of cheracters are.relate& o the same enviromnénta_l factor
but hebit of growth is readily recogniged and the veriation cen
be appreciated even withoul recourse to measurement althoﬁgh in
the present case, eye observations were confirmed by more exact
nathods,

It mey be obJjeoted that in defining clines in terms of a
single oharacter, the totel population individuolity is in danger
of being obscured in what mlght become an unwieldy mess of
informations Mo a certain extent this is true but the advantaé,e
of this method axe shown in the higher depgree of accuracy which
it provides and the greater possibilitles it affords for under-
stonding the relationshlp between population and enviromment,

The total conbinatlon of population characteristics cannot ot

present be known so thet the total which can be ascertained would

[£]
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still be less than the whole biologieal and morphological
constitution demanded in theory, but not actually used, by
Sinskajes Bven if it were possible, however, it would remain
better to use indiecetor choracters since all attributes are not
influenced equelly by any one environmentel factor and character
gradients do not necessarily follow parsllel coﬁrses end., indeed,
may even cross cach other at right engles. Therefore, any
attempt to recoré veriation in terms of the total distinguishing
attributes of climatically differentisted populations, as for
instence, in the fescues, would result in confusion and would
obsoure even the primery response to climate. Since trends of
variation in one character but related to different environmental
grodients mey cross esch other, the population at the point of
interseotion will contribute daete to both ecoclines. This does
not mean, however, that the population is nemed more then once
but only that the complex pattern of the dlstribution of variation
has been adequately enelysed snd understood in its relationship
to the environment.

Tt may be said that to split up the ecocline into ecoclinal
ecotypes is inadvissble since the giving of a definite neme tends
to suggest more discontinuity than in faot existsy; but it must
he emphesised thot an ecoclinal ecotype erecta, for exemple, is
defined with regurd to the relatively high frequency of erect
types in the populations In the cese of an edephic ecocline, thi

arrvengement moy be scattered sccording to the irregular ooccurrenc

~\

of the soil conditions and while this does not prevent the

definition of sn ecocline, it venders the division of it into
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ecotypes for reference purposes desirsbles 4 climatic ecocline
is naturslly more regular, at least where the chonge in climste
is gradual, but the adventage of defining ecotypes is not thereby
leasened since reference to compsrsble populations on similer
grodients is facilitateds

The details of the veristion within populations on similar
gradients sre not necessarily identical, and indeed, on exsot
duplicate of ny ecoeline ig unlikely if only because the genetie
constitution of distently separated populotions may very orobably
be initlaelly different. Again, the other environmental factors
will scarcely hear the same reletionship to each other end to
clinate in every case, The data cbtained from the Ben Cruschen
fescues show tht even two slopes of the -same mountain do not
provide exactly identical populations st the sawe eltitude althow
the general ﬁrend of varilstlon follows the same pattérn¢ These
differenses must almost inevitebly be incressed by greater
geogrephical separatlon so that the necessity for mentioning the
locaiidn of ecoclines is made obvious if comparisons are to be
made s

The regularity of the distribution of wariation will be
effected by the size and degree of isolation of the populations
for random chonges in gene frequenay will tend to confuse the
general picture whers papulatiqns are smell and more oy less
isolateds A further couse of irvegulerity ies to be found in
the fact thet the selective pressure of, for exzuple, the
climatie conditions is un;ikaly to.rematn constent throughout the

grodients The detail of the distribution of variation will be
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affected but still the generel trend will remain the same.

In conclugion it must be emphasised once wore that there is
no question of attempting to supersede the existing classiflcation
of orthodox texonomy nor yet of incorporating therein the date frah
experiment investigetions. The genecologicel deta can be used,
however, to form an independent classification capable of pro&idﬁm;
a true picture of the varistion; ite distridution snd relationaghip
with the envivomment, partioularly at the infre-specifie level,
duch a clussification, aubsidiary though it mey be for peneral
purposes, enshles more preocise comperisons to be mede between
populations under snelagous conditions end elso mekes o congidersbie
contribution to the witimate understending of evolutionary processt
Deseriptive ecology 1t is true is content to employ the toxonomio
species as 1ts unit of comparizon and for general survey work this
rwethod hes proved its usefulness. The ecologlst, however, is
not as a rule, concerned with the detoils of the structure of
specific tolerance o environment end it is precisely at this
point that the genecologicel approach opens up & new and. interestig
field of study. This, too, is a subjeot not only of great
scademic importence but one which is cepehble of supplying date of

economic velue particulsrly where plants of agricultural use ave

under consideration,
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The investlgation of the chromosome nunbers of the fesoue
populations on Ben Oruschen shows that there sre several
distinot chromosome yaces. The setaceous-leaved sexusl
fesoues are almost entirely diploid but a tetraploid also
occurs: the broad-leaved sexusl fescues include hexaplold
and oaﬁc:uploid races as well ag some hepbaploids: the vivie
porons fescues ave without exesption btetraploid.

The viviparous :f'egotzes may be found throughout the sres
end ocour @ll along each of the three pradients, In the
seteceous~leoved sexval fescue the tetraploid ocours at seam
level but the diploid race extends &g high as 2,600 feet on
Ben Cruachsns The hexeplold race of broad-leaved sexual
fesoued has & range colunoldeat with thet of the sexuel diploid
although its ocourrenee on the hill in rether sporadie end
the plants are rather difficult to identify. The octoplold
and hepboploid races of the brosd-leeved sexusl fesouss oceur
only at sea-level,

Chromosome cowmts of setececus«leaved sexvel fesoues from
various parts of Scotland, the Beottish islands, England end
Wales indleate that the tvwo chromosome races heve a definite
pattern of geographlosl distribution. The diploids occur in
the North snd islends whilst tetraploids are found in the
South of Scotland, Baglend and Weles but further lnvesti-
gations are necessary before any definite conclusions cen be

drevne
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Geo & key Por the ildentificenton of British viviparous fescues

T The aistribution of hereditery variation in ¥. ovins,

101.

" The setaceous-leaved sexual fescues have been found to he
capseble of free interbreeding but wsre sexually distincet from
the broad-leaved sexual fescues,

. The hereditary variation which is present in each
populetlion mekes it dlffioult to L1t the plonts into taxonomio
groups but for reference purposes the setoceousw-leaved sexuel
fesones ave called Festuca ovins, the broadeleaved sexual

fescues, Pepbuoa rubra, and the viviparous fescues, estuce

viviporo.

adepted by Wilmott from thet proposged by Turesson is glven in
full and its application to the viviperous fescues from Ben

Cruschan discusseda

Pe zibra, end Fo vivipers on the three gradisnts is discussed
in the light of the statistlosl results cbtained fxrom the
measguyvenent debs and en attempt is made to deduce reasonshle
explonations through correlation with environmentel conditions,

The problem of the ordgin of hereditary veriation in the
viviperous fescues is discussed: mention is made of the
cocurrence of partial end complete sexual flowers on hunger
inflorescences late in the geason snd also of the production
of gompletely sexual plents from the bulbils of a viviparous
plonte

The texenomic units of species, subspecies and verlety ave
discussed with special veference to the possibility snd
advisability of equating them with the wnits of experimental

toxonomye
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10, The nuperous difficuliies involved ln taking into
acoount the hereditery wviriation in populations can only be
adequately resolved by wspplying thes concopt of the character
gradleat with refervencs to the vrelsted envirommpental influsnoe

11, The greal ecotype ie a useful but limited coneept since
the informatlon which it supplies is 1ittle more than that
the populetion in quesblon iz folerant of the ecologleal
cenditionss The ecocline, however, takes into considoration
the treuds of heredibory wverlstion vhich ococcur eplong sn
enviromuentol grodient,; wnd gegclined scotyves may be defined
for reference purposess Lt is undorstendeoble that where o
nubar of aread populations are investigeted they noy be
found to ocour on. en envirommentsl pradient and they may in

that cese be celled geocelinal subsnaciess Such a

clagsification permite of furbher definition within each
cooolinel subgpacies of intewnal tvends of vwerlation.

124 The dintribution of the hereditary veriction within the
fescus populations (¥, ovine end ¥, givipera) of Ren Gruechen
in regpect of heblt of growth muy be defined as following a
elimatic gradients In this oasoy three cconlinel ecotypes
have been named for refevence purposss, srecta, ascondens,
and degurbens, The olimatle ecocline in respeat of heblt of
growth is quite plain in epite of sowe irregularity &t the
lower levels, an irreguleylty which in part, ot any rate, ig
probebly dus to the small sise end comporetive isolation of
the populations.. Glirha'l;ic ecoolines in respect of several

other etiributes oy also be draceds
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13, The chromosome roces within ¥. rubre which occur at sea-
level may be found to have distinet hebitet preferences but
no definite statement cen be mede until further resesrch which
is now being corried out, hos been completed.

1Use A review of the situation makes it olear that the units
of orthodox toxonowy snd those of experimental toxonomy must
remain distinete The classiflication of orthodox texonony
has proved its usefulness and will continue to do so but the
knowledge gained through the genecologleel approach will
supplement it in a most valuesble menner,

15 The study of trends of varistion is not only of very
great academle interest but it can also provide important
data which are vital for the work of the plant breeder and

for the economie guccess of sgricultural orops.
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Statistical Methods.
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3.

4o

Straightforward analysis of variance

1 plant per plot (Case I.)
Missing Plot Technique (Case 1II,)
Bxample

Straightforward analysis of wvariance
4 plants per plot (Case IIIX,)

liethods of adjustment when number of
plants per plot vary (0 - 4)(Case IV.)
2 test
Examp le
EBxumple (with missing plots)

Rigorous method




L.

CALCULATIONS
CASE L. Let us consider a 7 x 5 area
BLOCKS . TOTALS
X1 | F2 | *a3| Fia | Fag| FuatFpetEgtRgatxg
Xo1 | *p2 | *a3 | Xea | Xog| FoutXpotXpytXpgiXoy
. = Ya
X3l | X32 X33 X34 XBg x3l+;«:a sesvno sy !+X35
= Y'{
Tragl - XAl Xp0 X4_3 Xa4 X45 Xl4_l+. .o .I.- EEEE a+X45
ments = Y
4
xgl X52 x§'3 XS4 x¢55 xs:!.'}’o Cusossanse o",‘XB‘S
X671 X462 X63 X464 XGg | XpltesesesaesnstXiy
= Y6 :
X71 )C?E X73 X74_ X75 X71+.-......-..+x75
] Y7
X1 | Fi2 | X3 Xua )  Fag| FoatXpotXgytXgntxgg
+}Cgl *Xge +X23 +x24 X25 taanesealo 35 terms
+X3l + + +
+X4l + + + = Grand Total
Totals
+X5l + + + = X
+X6l + + +
+X7 1 "'X72 +X7 3 +X7 4 +X? 5
=Xl u}{z =X3 tz}{;q_ :.-.}{5

Vie shall assume that there is ONE plant in each plot.
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L. OSum of squares

a) Blocks

AN O SR S L W ¢
1 =
7 2 773 e TS 5

b) Treatments

%%-(Y12+¥ 24y 2+Y42+Y 2+Y62+Y?2) - X2

2 3 5 35
C) Total . 2
Xll‘a-%-le2~l-x132+ vessoinsses LO 35 ternsg - X____
35
Let B denote Block
7 1 Treatment
BT " Interaction of Block and Treatment.

(a) + (b) from (e).

The

interaction BT sum of squares is obtained by subtracting

(1) T(2) &) @) (%)
Variation [Degrees of {Sum of Variances atio: of
due to freedom {Sqguares Variance

B . 4 (a) -L%lz(A) %ﬂ%

\ C
vieant 3 b - B .
T 6 (b) Ry | &
BT e | 242 [(e)= (a)+(b) (,g)~§22+§6) |
. : 2
=(C)
Total o1 4 (e)

Apply F-test to ratio in column (5)

CASE T71.
One or more plots may have no record Apply Missing

assume that Xpg, X43, X43 say are missing.
Denote missing values by a, b, g.

Ve then have the following tablese

Plot Technique to above 7 x 5 experiment in which we shall




3e
Totals.

X112 | *12 X413 ¥14 | Xag | FpytXgotEyytrga g ‘

Xnq Xoo x93 X0 | @ x21+x22+x23+x24+ a
X31 X32 X33 X34 X35 X31+X32+X33+X34+X35
X41 | %42 b Xpa | X455 | XaptXaptbtRaatXysy
X5l X52 x53 X54 X55 X51+X52+X53+X54+X55
X461 X4o c X6a X5 | Xg1tXgotCtRgytRL

Xa. | Xg2 | Xy3 | Xga | Xyg| XgptXgotXytXestXeg

Grand Total

X1 | ¥az | X1y | ¥ae | Fuy| XartRetriyteuatXiy
+X21 +X20 +x23 +24 +a +X21+ -n-o.--ong*X24+&

[

+:K3l +X32 +x33 }(‘34. +x35’ +x31+? sessnesasn |+x35t

rotal +X4l +X42 +b +X44 +X45 +X41+X42+b+X44+X45
Totals
+x51 +X52 +x53 +X54 +X55 +X51+ uonoooo.+X55
+x61 +X62 +C +x64 +x65 +x61+X62+G+X64+X65
Sumg_of Sguares excluding terms not necessary to finding
of values for a, b, ¢,
a) Blocks .
) 2 L 2
;% (x13tXp3tX33F D +Xgat ¢ +Xy3) 7 +ix) pratxyptxy stXggtxg 5+Xes)
- %35 .x11+x12+x13+x14+x15 2

+x21+x22+x23+x24+ a
*231+X32*X33+X34*K35
) +X41+X42+b+X44+X45
+X51*X52+X53+X54+X55
+X61+362+C+X64+X65
+x71+x72+x73+x74+x75

A 4

\'%
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b) Treatments

' - 2
%é (X21+X22+X23+X24+a)2+(X41+X42+b+X44+X45)2+(X61*X62+C+X64+X65)
165§x11+x12+ esesese L0 35 terms as shown in (a) above)2

e) Lotal
a2+b2+02~¥é5(x11+x12+.... to 35 terms as shown in (a) above )®

d) zgrﬁ Residual Sum of Squares by subtracting (s)+(b) from (c) -
at is

a2+b2+c2-%§5(x11+x12+ sees O 35 Lerms)?

I VA R S 3 ) 2 ) : Y-
'¥?’ 13+%p3%% 3 x53+0+x73) +(xlb+a+x35+x%5+x55+x65+x75)
+L§5(Xll+X12+ R to 35 termS)aA

-%%.(x21+x22+x23+x24*a)2+(x4l+x42+b+X44+x45)2+(x61+x52+c+x64+x65)2
+y§5(x11+x12+ eesannses UO 35 termﬁ)g

= a3+b2+02w%@ (x13+x23+x33+b+x53+c+x73)2+(x15+a+x35+x45+x5gu%5w792

-%@-(x21+x22+x23+x24+a)2+(X41+X4g+b+X44+x45)2+(x61+x62+c+x64+x65f2
+%§5(X11+X12+ seseant O 35 term5)2

Make the Residual Sum of Squares a minimum by differentiating
with respect to a, b, g« This gives three equations which can be
solved for g, b, c.

The equations are as follows:-
Differentiate with regpect to g

r

Then a + 1/35' x11+x12+xl3+xl4+x15 .
2o l'!'.':(lg 2+x2 3+}£ 24
+X31+X32+X33+X34+X35
+X4l+X42+X43+X44+X45
+x51+x52+x53+x54+x55
+x61}x62+x64+x65
+x?1+x72+X73+x74+X75
+a + b + ¢

\ s

a4

Continued over page




- A (*x5 + ®+ *35 + *45 + *55 + *65 + *75>

o

-V (*21 +*22 + *23 + *24 +

Differentiate with respect to

b + Vj Same as in above equati + + +b+ +cix,
J * ve equation T R Y Rt T Rl St T
. A5 (*41 + *42 + *43 + X44 + b) 0
Differentiate v/lth respect to £
c 4' ~35 Same as in above equation (x**4-Xg3+ A 4bd-x " +cd'Xy™ ]
0]

- ~(*61 + *62 + *64 + *65 +

Having found £, b, £ Insert in t*ible and proceed as
in case I with the following degrees of freedom

Degrees of freedom Sum of *=»quares
B 4
T 6
BT 21
Total 31
Note: - There are 32 squares or plots in

the original data, and thus the
total nuraber of freedoms is
32-1 » 31.



menbs

hixamples -

Diploid June 1945

Treagt=-

Leaf Length Mean Values one for each square
BLOCKS
A B C D B F TOTALS
30 100075 | 147.75| 129.25| 18.75| 135.67] & | .e2a.19
N . e b
37 113.67 ;12.00 120.25 b 126,50 147,00 +619.42
5 155,00 | 119,75 | 145.00{ 136,50 175.75| 119.75| 851.7%
6 102,50 | 93.50 | 115.75| 124,75 132,00 116.00| 684,50
Vi 133475 | 119475 111,00 | 92.50| 104,75 136.00| 697,75
27 238,00 c 165,00 | 150.00| 194.25| 156,00 +9g3.25
40 [188.50 | 124,00 da | 160.00( 167.00| 147,00 +7gé.50
14 160,50 | 133.331 122,25} 135.25| 190,50 123.50| 865.33
25 129,25 | 99.25| 141.25) 120.50| 112.7%| 139.75| 742.75
24 127.00 118.75 | 121,00 114.75{ 116.25| 119.25| 717,00
23 120,00 | 102.50 | 105,00| 111.00| 130.25| 115.25| 684,00
22 | 90.75| 87.00 108.75| 83.75| 110.25] 76.00] 556,50
TOTALS| 1659, 67 |1257.58 |1384,50 | 1377.75] 1695.92]1395.50| 8770.92
+ cC + d + b + a +a+b
+ ¢ + 4
= Grand
- Total
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Residual Bum of Squares (neglecting unnecessary numerical terms)
=a+b+c+d 1/72(8770.92 Fa+b+e+ a

1715 (1395.50 + a)2+(1377.75 + £)2+(1257,58 + ¢)2+(1384.50 + a)°
l/6 (662,17 + a)2+(619.42 + 1)2+(903.25 + ¢)24(786,50 + d)?2

Differentiate with respect to a.

Then . :
a + l/72(8770.92+a+b+c+d) ~ 1/12(1395.50+a) - L/g(662.17+a)=0

lece
a + 0,013889b + 0,013889¢ + 0,013889a4 + 121.818
+ 0,013889a - 116,292
- o.oSgg 3a - 110,362
- 0,016667a = 0
lsCo

0.763889a + 0,013889b + 0,013889¢c + 0,0138894 = 104.836 ...(1)
Similarly 0.013889a + 0.763889b + 0.013889¢ + 0.013889d 96,231 +..(2)
0.013899%a + 0,013889b + 0.763889¢ + 0,0138894 = 133.542 ...(3)
0.013889a + 0.,013889b + 0.013889¢ + 0,7638894 = 124,640 ...(4)

Liet b, ¢ and 4 have values 8220.92 = 129,0 approx.

Then equation (1) gives

Y

763889a + 5,375 = 104.836
l.es a = 13002

In equation (2) let a = 130.2, b = ¢ = 129,0

Then 1 1 1
0.763889b + 772(13042)+745(129.0)+7%5(129.0) = 96,231
96.231
Hence b = - 1,808 0.763889 = 118.9
- 30583“

In equation (3) let a = 130.2, b = 118.9, d = 129.0
Then 0.763889¢ +4ﬂz§130.2) +¥92(118.9> +¥52(129.0) = 133,542

i.e. ¢ = 167.9
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Equation (4) gives
l24’¢640 haid 10808 - la65.1. -~ 2.332 = 155.6

a = 0763859

Now start aguain with equation (1)
where b = 118,9, ¢ = 167,9, d = 155,6

104,836 = 1.651 = 2,332 = 2,161 - 309,20
0.763889

= 1290209 c = 16?19, d = 155.6

Then a =

In equation (2) let

ny
-

Then b= 264231 = 2,332 = 2,161 - 1.794 = 117,74
0.763889
In equation (3) let a = 129.20, b = 117.74, 4 = 155.6
Then ¢ = 167,50
Then d = 155,63
Thug a = 129.2
b = 117.7
c = 1.6715
d = 155,6

The original table has now been completed with BLOCK
tables and TREATMENT totals as follows

BLOCKS TREATMENTS
A 1659,67 791.37
B 1425,08 737412
C  1540,10 851.75
D 1495.4% ' 684,50
B 1695.92 697.75
P 1524,70 1070.75

9340.92 = Grand Total 942.10
865.33
742475
717400
684,00

r’l E‘zé 5U

9340492




Sum of Squares

(1659467) + eenne + (1524,70) - £23&%§2§l

a) Blocks

= 4,431,02
b) Treatments (?91037) + aseee LO 12 terms

= 34,209.85

e

c¢) Total
(100.75)+(147.75)+(129.25)+(148,75)+(135.67) +(129,2)
4+ eenee LO 72 termg = .(9407_2_%)_ = 55’628..].8
72
Table Analysis of Variance
bvee Case Il
Variation , Variance
due_to d.of £.4 Sums of Sguares| Variance Ratios
B 5 (a) L%l - %él
(A) 2
T 1 1) bl . (B
. - ® (]
BT 51 (c)= {a)+(b) (e)~ 2 +{b} ~(C)
Total 67 (e)
Variation Ratio of
due Lo d.of L. bunms of Bquares Variance Variances |
* X
B 5 4,431.02 886.2 « (n) %%% = 2,66
T 11 34,209.85 3109.1 - (B) {%%»z 9.33
BY 51 16,987.31 333.08-(C)
Total 67 55,628,18
% % FIGNIFICANT AT I,Z




Case III,. In this case each plot has 4 plants.
Ag for example (using a similar notation
to Case I). )

BLOCKS TOTALS
xq4% xl?I'
X9 111 . +x1A~II.,'
%4 13%, *x12¥%£' %311 2+K] 3R LR G = Y]
.+x11 —rrhs *xla ’”= L]
= AN = X19
I : T I
XKoL+ xgi‘r X2 +x22
oLy ITTY o ITL ITL.
Hopp ¥ *py | T2 T2 ZL+EQ24X2 31X 4X25 = Y2
w }ng = x22
x19 Grand Total
+x21 SRR LRI LT IR
1403 - A a4 ,
«rxﬁ‘l = Y+ F 5+l U 54X 647
+x 51
+KOL = X4
+X7L
Sums of Squares
a) Blocks = similer to Case L. y .

[+

’d
) =(xy et 3+x;+~:-x5)2
10

vize 1/28(xq +xo"1x 32+x;+2+xs

b) Treatments = similer Yo Ggse To o
vize 1/20(Y15 0% ouaad¥y7) = (21 430 4x3 4x), +x5)°
140 o
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¢) Calculate

L XK K] 3R X g
R X tRy X4 PRy
+x31+x32+x33+x34+x35
g+x4l+x42+x43+x44+x45
+x51+x52+x53+x54+x55
+x61+x62+x63+x64+x65

r Ao X Ko +X
N 7 x5 x4

Y

This is equal to the sum of (a) and (b) and first order
interaction BT, Hence to find sum of squares for BT subtract
(a) + (b) from above sum (c) Total sum of squares

5 D 2 -2 :
f’{-]il +x;}“§. +xﬁI+xﬁl+.“. to (7x5%x4) 'ter'mﬁ} "(X1+X2+X3+X4+X5)2

Li.e. to 140 terms 140

Analysis of Variance

Vardatlon due tol d.of £, | Sung of squares
B 4 (a)
T Tmm 6 (h) & @
BT 4. see above
Hesidual 105
;;tal . 139

Use F-test to test. BT ig tested against Residual, B and
T are tested agalnst BT unless Residual variance is greater than
BT variancee.
Cage TV. The number of plants in each plot are not equaly ‘they

e

may vary from O to 4.

continued/




Mrst Method

12,

Adjust number of plants in each square so that they
are proportional.
order interactilon are calculated from the adjusted data,
the regidual being calculated from the original data.

Lthe adjusted numbers must not differ gignificantly from

the original numbers.

Example

The main effects B, T and the first

Vie shall first test whether the adjusted numbers are
likely to differ significantly from the original numbers.

Leaf Length (diploid

June 104
Number of plants in each plot with adjusted numbers in
brackets.
BLOCKS
Y B C D 15 i Total |
30 || 4(3448) [4(3.17) | 4(3.48) [4(3.09) | 3(3.32) | 0(2.45) | 19
37 || 3¢3+30) | 3€3.00) [ 4(3.30) {0(2.92) | 4(3415) | 4(2.33) [ 18
51l 4(4,40) [ 4(4.00) | 4(4.40) [4(3.90) | 4(4.,20) | 4(3,10) | 24
6|'4(3.85) 4(3.50) | 4(3.85) |4(3.41) | 4(3.68) | 1(2.,71) | 21
711 4€4.03) |4(3.67) | 4(4.03) [4(3.58) | 4(3.85) | 2(2.84) | 22
27 | 1(2.57) [0(2,33) | 4(2.57) |2(2.28) |4(2.45) | 3(1.81) | 14
40 1 4(1.47) 1 1(L.33) | 0(1.47) | 1(1.40) | 1(1,40) | 1(1.03) 8
14 11 4(3.67) [4(3433) | 3(3.67) |4(3.25) | 2(3.50) | 2(2.58) | 20
25 [ 4(4440) [4(4.00) | 4(4.40) [4(3.90) | 4(4.20) | 4(3.10) | 24
24 || 4(4,40) |4(4,00) | 4(4.40) [4(3.,90) || 4(4,20) | 4(3.,10) | 24
23 || 4(4.40) {4(4,00) | 4(4.40) {4(3.90) [4(4.20) | 4(3,10) | 24
tals| 44 40 44 39 42 31 240
In this example it will be noted that four plots
contain no plantg,
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The adjusted numbers for treatment 30 are as follows:

552 x 443 mEA x 405 3id x 39; A x 423 w22 x 31

240 240 240 240 240
The sum of the terme (observed = calculated)?
calculated

one for each square giveq)(?
It is found tha@)(? = 23.81 for 55% degrees of freedom

This is not significant

*55 (5 x 11) entries can be made arbitrarily assuming the
total figures for each row and column remain unaltered.

It can therefore be safely assumed that in all the
other experiments the adjusted numbers will not differ
significantly from the original numbers, since the example
chosen wag one in which greatest variation appeared.

g first consider the case where the number of plants
in each square wvary from 1 to 4.

Example

Leaf Length « Hexaploid
September, 1945,

The top figure is the mean length of plant for a
square (obtained from original dat2§

The middle figure gives the original number of plants
together with the adjusted number.

The bottom figure gives the square of the top figure.

(continued)/
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Treatment
TLQQKS fotals
440.8 01.2 40,0 414.5 523 2 406.8 3
4, 4,31 h,5 4421 4,3 94 4, 3.94 |4, 3.85 3.76 |10,526,518
194,304,6 p¥1,201.4 [115,800.0 [71,816.2[273,738%2 1%5,486.2
434.,2 419,8 405,2 311.2 421,2 418.2
34 31 A, 2.21 4y 3494 Py 3.94 |4, 3.85 [4, 3.76 | 9,655.428
1é 6 |176,232,0|164,187,0 | 96,845,4|177,409,.4{ 174 ,89L,2
468.2 439,5 446.0 493.0 430 39342
4, 4,31 K, 4,21 3,94 W, 3.94 g 4, 3.76 110,699,339
219,211.2 {193,160,.2 198 249,0 1@5,072.0 153 20
417.3 365,5 28040 27040 400 .0 iX
3, 2.5 B,” 231 |2, 1.97 1, "1.97 |2, 1.92 |2 2128 4,890,560
174,139.3 [L33,590.2|230,400.0 | 72,900.0{1%0,006.0 2%9,880 2
38;{.8l A 366.§l 395. 94 401.24 . 454,8 446, 06 8088
4 - 4 . '- - [} S 7!‘ 00
1%0,383.8 h34,102.4 l%é oag.o 1&0,362.4 256,&4%? of 198, 31% ol 7’
467.8 307.2 35342 50040 420,0 431.5
bpg B3l [ As2L (& 3.94 |4, 394 3.85 3.76 | 9,872.078
218,836.8 | 94,371.8 134,750, 2 250 000 ,0 1&8,100.0 1%6 192,.2
388,0 333.2 396.3 516.5 360.0 41 0 }
4, 3,09 W, 2,98 {3, 2.79 [2, 2.79 |2, 2.73 6,801,768
150 544 0 111 022,2(157,053,7 2&6,772.2 129,600 o lé9,744 0
459 8 377.8 430,0 | 498.9 455,2 467 2 '
21 Ay 4,21 14, 3.94 |4, 3,94 |4, 3,85 3476 110,739,758
411 418,0 [142,732.8|184,900,0 [248,802,2| 207,207 0 als, ,275.8
40745 429,8 448,8 47645 444.,8 436,8 .
4, 4.81 4,21 14, 3.94 (4, 3.94 |4, 8' 5 14, 3,76 10,566,310
156,056, 2 1é4,798 o]201,421.4 |227,052.2|197,847.0] 150,7%4.2
348.5 376.5 443 0 428,0 439.g 409 5
4y 4e3l A, 4,21 394 14, 3,94 |4, 3. g 95,750,635
131,452,2 [141,752,2 196 249.,0|183,184.0|193,160.2 167, 90,2
456,2 503.5 521.5 489,8 53042 458,8
4, 4.§1 4, 4.21 14, 3.94 |4, 3,94 3.85 {4, 3,76 |11,836,837
208,118.4 P53,512.2{ 271,562,2]|239,504 .0 2é1,112 0 210,497 .4
500,2 420.5 270.5 461.,0 468,0 431,0
4, .05 2,98 12, 2.79 {4, 2.79 [2, 2.73 2,66 | 7,243,685
250, 35020 176 820.2| 73,170.2|212,52170{219,02470 1@5,761 0
Grand Totall
20,289, 353(18,684746 | 12,709810 |19069.663 {18,848.47 | 17,758,960 |112,361,004
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The Block totals are obtained by multiplying the

top figure by the adjusted figure a

column.
Thus the first BLOCK total

nd adding for each

= (440.8 x 4.31)+(434.2) (4,31)+(468,2) (4.31)
+(417.3 x 2.15)+(387.8) (4.31)+(467.8) (4.31)
+(388.0) (3.05)+(459.8) (4.31)+(407.5) (4.31)
+(348,5) (4.31)+(456.2) (4,31)+(500.2) (3.0%)

= 20,289.353

The BLOCK totals with the corresponding total adjusted
number of plants are ag fcllowss. -

20,289,353
18, 684.,746
17,709,810
19,069,663
18,848,475
17,758 4 960

112,361,007

MREERASERREIRER

Sum of Squares

BLOCKS 5
(3022820353)_ +
47.04
= 61,647

, 47,04

’ 45.96

) 43,01

, 43,01

\ 42,03

. 42,04

R 262,09
fIWmRE IRSI =

(18,684,746)°

45,96

+ to 6 terms

~ (112,361.004)2
2%2.09

The TREATMENT totals, obtained in a similar way, together
with the corresponding adjusted number of plants for each

treatment are asg follows:=
10,526,518
9,655,428
1046994399

) 24,01
, 24,01
. 24,01

(Continued)
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4,890,560 ’ 12,00
95 778.088 , 24,01
9,872.078 . 24,01
6,801,768 , 17,00
10,739,758 ’ 24401
10,566,310 ’ 24,01
957504635 ) 24,01
11,836.837 ; 24,01

7424.3,685 ’ 1700

At e e I

112, 361,004 262,09

ey P T P o S0 T Sty I

Sum of Squares
TREATMENTS

(10,526, 518)% 4 =~ to 12 terms - (112,361,004)2
24,01 222.09

= 186,842
To. £ind sum of gauares for BT
Vie first, see Case 3, find B + T + BT.
It is given by using the botiom figure of a square

multiplied by the adjusted nunmber, adding for each gquare
and subtracting (112,361.004)2

262,09
That ig (194,304,6) (4.31) + (251,201,4) (4,21) + ... to 72 terms
- (112,361,004)2
262,09

= 387,477

Heonce
Bun of Bquares

BT = 885,447 - 61,647 - 186,842
= 636,958, .
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From the griginal data we find for the one~way classification
into 72 squares that the
Sum of Squares = 744,608
and for the total from 262 plants
Sum of Squares = 2,054,078
Ve -‘thus have the following table

sepltember IL Hgggg;oid';ﬁgﬁ

| Adjusted
data

. Original
data

Variation ~ Sum of " Ratio of
due to d.off'4 esquaree Varisnce Variances
W
B 5 61,647 | (1) 12,329 ) = 1.06
T 1L 186,842 | (2) 16,986 {.% 5 1447
BT 55 636,988 | (3) 11,581.6 % = 1.68
-~One—way
claggification .
7L 745,608
Residual | 190 |1,308,470 | (4) 6,886,7
Total 2,054,078

Ye now consider the cage where no measures of plants are
available for a few of the squares, the remainder having 1 to 4
The Missing Plot technigue is applied, the megan value

plants.

of the measures in any cne square being used.

The example

previously given actually does use these mean values and it was
found that the missing plots were given values

s = 12

b = 1l
g = 168
d= 156 -

One plant was allotled Lo each missing square and we now

proceed ag in the previous example.

In obtaining the adjusted

nunbers the griginal marginal totals were used, and see also
note below on degrees of freedon,.

lixample

Leaf Length (diplold) June 194%

The firsgt tabls ghows in any one square the original number

of plants, assuming one plant in the "missing” squares;

the

total length for the mumber of plants and the sum of the squares
of the lengths.




TREAT »
MENTS

BLOCKS

B ¢ D E P
30 433 Sgl i? 535 437 11*
y C 0 29
41809 87499 68735 90993 56329
3 3 4 1* 4 4
37 341 336 481 118 506 588
39325 | 37694 | 58143 | 14161 | 65626 | 87714
5 64 4 5§ 546 4 a
20 4 0 4 0 4
98186 60{?7 85816 75218 1239%1 57%21
6 4? 3%4 423 449 54f 16
0 374 25 1.1
41264 39478 56997 63393 80782 13456
4 4. 4 4 4 2
7 535 479 A4 370 419 272
72219 60027 |"49804 35874 45193 37504
i 1¥ 4 P 4 g
27 288 168 660 300 7?5 468
56644 119262 45018 | 153887 77774
4 1 1* L 1 1
AQ 714 124 154 160 165 147
132710 15376 25600 27889 21609
'4 - 4 4 4 2 2
14 642 53 489 541 381 247
104210 71319 60423 76453 73581 33317
5 1 397 565 182 451 559
2 1 5 2 y
’ 686@5 40909 815i9 65182 52737 79595
548 45 g 4?9 ? 44/
24 0 X 484 465 77
63308 | 5ok | goioa | 55391 | sadhy | s7ap
4 4 4 4 4 4
23 480 410 420 444 HaL 461
58092 42486 47388 51698 6§749 52195
5 48 443 35 . 15
22 3 441, 2
3%3%1 33818 48%31 28751 49811 | 1 850

¥ MIssIng values inserted,
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This table provides the data to determine the lesidual
variance (see below)

o 0f o Sums_of squares | . Variance
one=-way
clagsification 67 129,588
Residual 172 112,747 65545
Total 239 242, 335

gince the mumberg of plants vary from 1 to 4 we
employ the method detailled above, adjusting the frequencies
50 that they are proportional, The following table gives
for each square

(1) The mean length of plant for a square
(original data).

(2) The original‘and adjusted number of
plants.




TREAT
MENTS

BLOCKS

A B (o] D i F Iotals. .

100475 | 147,75 | 129,25 | 148,75 | 135,67 | 129, 2494.,9

30 [4,3.48 | 453,17 | 443,48 | 4,3.09 | 3,3.32 [1)2.45 18.99
113.67 | 112,0 | 120,25 118, |126.50 |147.0 |2193.5

37 1353630 | 393.00] 443,30 {(1)2.92 { 443415 {442.33 18,00
155.0 | 119.75| 145. 136.5 |175.75 |119.75 | 3440,8

§ 14,440 | 4,4,00 | 444,40 | 4,3.90 |4,4.20 |4,3.10 24.,00
102, . 115, 124,75 [ 132,0 [116,0 | 2393.0

6 [4,3.85 4?%.?6 4,%.5? 443,41 [4,3.68 11,2,71 33%.00
133.75 | 119.75| 111.0 92,5 104.35 136.0 | 2546,5

7 {434,033 | 4,3.67( 4,4,03| 4,3.58 |4,3.85 [2,2,84 22,00
238,0 | 168 165,0 | 150,0 |194,25 |156.,0 |2527.4

27 | 1,2457 [(1)2.33] 442457 | 242.28 | 4,2.45 | 3,L.81 14.01
178.5 | 124.0 | 154, 160.0 | 167.0 1147.0 | 1246.9

40 |4,1.47 | 1,1.33|(1)1.47| 1,1.30 | 1,1.40 |1,1.03 8.00
160,50 | 133433 122.25| 135.25 | 190,50 | 123,50 | 2906,7

14 14,3.67 14,3433 453.67 | 443425 | 2,3.50 | 2,2.58 20,00
129,25 | 99.25( 141.25| 120.5 |112.75 |139.75 | 2964.0

25 |4,4.40 | 4,4,00| 4,4,40 | 4,3.90 | 4,4.,20 |4,3.,10 24,00
127.0 | 118.75] 121.0 | 114,75 | 116.25 | 119,25 | 2871.6

24 |4,4,40 | 444,00 | 4,4.40 | 453.90 [ 4,4.20 |4,3.10 24,00
120,0 | 102,5 | 105,0 | 111.0 (130425 [115.25 | 2737.2

23 |4,4,40 | 4,4,00 | 4,4,40 | 4,3.90 | 444,20 |[4,3,10 24.,00
95.75 | 87,0 | 108,75 83.7g 110,25 | 76,0 | 2083.6

22 |4,4.03]4,3.67] 4,4.,03 4,3.58 {4,3.85 {2,2.84 22,00
- 15845.8 | 4651.7| 5530.8 | 4733.0 | 5786.0 | 3858.8 [30406.1
Totals| 44,0 40,0 44,0 39,01 42,00| 30.99 240~
: ilNumbers »
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BLOCK totalss (Calculation as before)

P.
5045.8 410
4651.7 40,0

5530.8 A4 40
4733.0 39.01
5786.0 42,00

3858.8 30.99

30406,1 240,0

Sum of squares

BLOCKS  (B)

(5335;§)2 + wesnses LO 6 termg -~ (30406,1)2

44,0 “ 240,0
7764667, g
520,957,
= 695,221.6 - 3,852,212.2 = 12,458.8
574 42449
7 7,0 o g

TREATMENT totals
2193.5 18,00

3440.8 24,00
2393.0 21,00
2546.5 22,00
2527 44 14.01
1246.9 8.00
2906,7 20,00
2964.0 24,00
2871.6 24,0

2083.6 22,00




Sum of squares

TREATMENTS (T)

B+ T + BT

su_of squares
(100.79)2 (3.48) + (147.75)2 (3417 + wve to 72 terms -(30406.1)2

= (350,6)2, (468,4)2
3-31;-4'78 + ig—.—zg) F esesestnansessnnoven

when 350.6 =

294
2355203
194-, 345.0

422,445,2
366,054,0
343458649
3L2,177.7

(100.75) (3,48

3 v

Y T e
917338:8

40844 = (i47.75) (3,17

= 35,321,995 + 69,210,9 +58,137.9 +
+ 22:236q25 + 37;6,2.0 +27;'%g.g +
+105,710,0  + 57,360.1 +92,510,0 +
+ 40,443.,9 + 30,588.5 +51,573.9 +
+ 72,089,6 + 52,632.,2 +49,647,0 +
+145,594,1 + 65,748,5 +69,g51.8 +
+ 46,83943 + 20,445,1 +34, 68.g +
+ 94,528.9  + 59,200.0 +f4,8§8. +
+ 73550405 + 39,402.25+87,786,9 +
+ 70,967.6 + 56,406.25164,420.4 +
+ 68,360.0 + 42,025,0 +48,510,0 +
+ 364952,6 + 27,780.0 +47,669.2 +

4+ 40 78 .

¥ 501342.8

+ 364475.0

+ 44,060,

+ 22,254,3 + 41,181.%

+ 39,343.4 + 16,397,

+ y536.2

+ 44,0 908 s

$

?

22,

+ to 12 terms. (30406,1)2

240,0

- 3,852,212.8
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+ 61102,5 + see below
+ 50,4134 +
+1293747 .4 +
+ 504929.8 +

81 o7 = 12 43
B - e




23,

jariation due to | d. of £, ] Sum of squares| Variance | Ratios
B 5 12,458,8 (a) 2491.8|754=3.80
B
7 11 91,496.8 (8) 8318.0|$Bd=12.69
BT 51 | 25,3879 (©) 497.8|{=0.76
Regidual 172 112,747 (D) 655.5

These results may be compared with those using one mean
value for each square, all squares being thus equally weighted,
The example on p.9 whose data differs only dlightly from the
above, shows that;taking into consideration the differences in
the mumber of degrees of freedom, it is poesibly the more
rigorous method. The goin from this point of view is,
however, probably, more than offset by the loss of accuracy
which is involvedtaking one mean value for each plot since
many plots only contain one value in the first place.

A rigorous method for unequal numbers plots has been
given in Kendall "The Advenced Theory of Statistics,” Volume
II, pp. 220-226, We ghall apply it to the Leaf Lengthge
hexaploid September 1945, (see Case 4),.




Class Means and Heciprocals of Class-
Frequencies (see Case 4 for data).

TOTALS
440,8 501.2 340.0 414.5 523.2 406,8 2,626,5
« 2500 «2500 « 2500 « 2500 «2500 .2500  1,5000
434.,2 419.8 405,2 311.2 42,2 418.,2  2,409.8
» 2500 « 2500 « 2500 » 2500 « 2500 «2500 145000
468,2 439,5 44640 493,0 430,2 392.2  2,669,1
« 2500 2500 2500 « 2500 « 2500 «2500 1.5000
417.3 365.5 480.0 2700 400,0 519.5 2,452,3
«25C0 . 2500 « 2500 « 2500 «25C0 2500  1.5000
387.8 366,42 39540 4012 454,8 446,0  2,451,0
v 2500 « 2500 . 2500 «2500 « 2500 «2500 145000
467.8 307.2 3532 50040 410,0 431.5 2,469,7
« 2500 <2500 » 2500 « 2500 « 2500 .2500  1,5000
388,0 333.2 396, 3 516,95 360,0 412,0  2,406,0
+ 2500 +2500 . 2500 « 2500 « 2500 L2500  1,5000
459,8 37748 430,0 498,5 455,2 467,2  2,688,.5
» 2500 2500 « 2900 » 2500 «2500 .2500  1,5000 -
40745 429.8 44.8.8 476.5 444.,8 436,8 2,644,2
« 2500 « 2500 + 2500 « 2500 »2500 +2500  1,5000
348.5 37645 443,0 428,0 439,5 409,5  2,445,0
+2500 « 2500 « 2500 +2500 + 2500 <2500 11,5000
456,2 50345 5215 489,8 5302 458.8  2,960.0
2500 « 2500 » 2500 « 2500 2500 »2500  1.5000
500 42 420,5 270, 461,0 468,0 431.,0 2,55L,2
« 2500 « 2500 22500 « 2500 « 2500 2500 145000

otals 3.0833 3,2500 3.5833 4.,0000 3.7500 4,2500 21.9166
517643 4840.7 4929.5 526042 53337.1  5229.5 30773.3

q=6
p = 12




25,

lst row & _ 4 . « 1.5
B2 IOW 7, = (42500 + ,2500 + ,2500 + 42500 + .2500) = “35

TREATMENTS

Nl = 24 Nl = 24
1 L. |
Ny = 24 Ry = 444.9
%4 = 3%‘2"'3‘3 Ng = 10.80 ;'54_ = 408,7
= & . %
1%5 - __:.3.2 Ng = 24 Ry = 408,.5
Ng = 24 Rg = 41L.6
1 2 ' g
ff, = ..:3_23.3.3 Ny = 15,43 | &y = 401,0
Ng = 24 Fg = 448.1
N9 = 24 J‘é9 = 44007
Nyg= 24 [%i0® 440.8
Myq= 24 |%11® 4933
1 7500 Rq0® 425,2
e -él«~ Nip = 13.09]%12 .
c= & N X = 24(437,8) +,.
= N, 2
= 110422,458
955.52

2 432,49

The unweighted marginal means .
% = 437.8 and squares 1916.69

161283,
197936.
167036,
166872,
169415,
160801.
200793,
194216,
194305,
243345,
180795,

Thus the estimate of variance with 11 degrees of freedom

4 [=a; 73) - ¢

& 47,927 770,78

L | 4717561593,
170 ??8

Variance for Treatments = 15,529
Ant Column

if, = 52 (3.0833) = gy

=

-.l

= 15,525

(3.0833)




26.

My = 46,70 Kep = 431436 = 431.4 186106,

My = 44,31 .y = 403.4 162732,

My = 40.19 2.3 = 410,8 168757,

My = 36,00 Reg = 438.3 192107,

Mg = 38.40 i.s = 444.,8 197847,

Mg = 33.88 Reg = 435.8 189922,
4361883431

D = A0240 O = .
v ;Eééfgﬁil“ 426,57

Bstimate of variance with 5 degrees of freedom

= % 43,631,883,

4325764251 = 11,126
555632

The Residual Varlance is that given on p. 17.
Thus
Variation due to d. of 7, Variance Ratio

B 5 (A) 11,126 %%% = 1,62

T 11 | (B) 15,525 8 = 2025

Residual 160 (C) 6,886,7

This compares favourably with the approximate method
(see page 17) and since the latter involves less labour

in caleculation, it was adopted for the data under review,




