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Multivariate Analysis of the English Elm Population
By J. N. R. JEFFERS~)
and R. H. RICHENS~)
(Received for publication January 6, 1969)

In view of the known complexity of the variation of the
elm in England and the embarrassment this has caused to
those rash enough to attempt to describe it and delimit taxa,
it was considered that this population would provide useful
experimental material for multivariate analysis. Also, extensive biometrical data were already available, much of
it having been used in the series of studies on local English
(1959, 1961 a,
populations of elm published by RICHENS
1961 b, 1965, 1967).

Material and Methods
The material used was a collection of 1131 samples, representing almost the whole of the range in variation of
the genus in England. More material would probably have
been advisable in two cases, namely, the elm population of
Cornwall and that of the upper Witham Valley, Lincolnshire. From a geographical point of view, most English
counties were represented but the part of England most
adequately sampled was the south-east. Material was collected from almost every parish in Bedfordshire, Essex,
Hertfordshire, Huntingdonshire, Holland (Lincolnshire),
Isle of Ely, and from extensive areas in Kent and Suffolk.
Since there may have been a slight divergence in sampling
technique, the data on the elms of southern Cambridgeshire
(R ICHENS, 1958) were not used; all the types of elm in fhis
area, however, are believed to be represented by samples
from the adjoining counties. It is in these counties that the
very variable species U. minor MILL., till recently usually
referred to as U. carpinifolia GLED., and its hybrids with
U. glabra HUDS.mostly occur. It is likely that none of the
types of elm significantly contributing to the English landscape have been overlooked.
Each collection Comes from a single tree from which five
typical subdistal leaves from dwarf shoots on stout branches were collected. These were each measured for the following characters: absolute length of the longer side of the
lamina (AL); relative breadth (RB), the ratio maximum
absolute lamina breadthlabsolute lamina length; relative
petiole length (RP), the ratio absolute petiole lengthlabsolute lamina length; relative asymmetry (RA), absolute
distance between the lowest points of the lamina on each
sidelabsolute lamina length; number of secondary teeth
(TN); breadth of primary teeth at shoulder of leaf (TB);
tooth length (TL); and tooth depth (TD). The last three
measurements are illustrated by RICHENS
(1958).
Merlewood Research Station, Grange-Over-Sands, Lancashire.
Commonwealth Bureau of Plant Breeding and Genetics, Cambridge.
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It will be convenient to express measurements of these
characters in two ways; firstly, the original recordings, in
which case the character abbreviations will be given in
Roman type as above, and secondly, as in the Papers already published, converted to a scale 0-9 (occasionally
transcended) based on range, in which case, the character
abbreviations will be in italics. The range and size of the
units of these scales are as follows: L

RB
RP
RA
TN

TB
TL
TD

3080 mm.
0.40-0.90
0.00-0.20
0.00-0.20
50-150
38 mm.
38 mm.
05 mm.

1
1
1
1
1
1
1
1

unit
unit
unit
unit
unit
unit
unit
unit

being 5 mm.
being 0.05
being 0.02
being 0.02
being 10
being 0.5 mm.
being 0.5 mm.
being 0.5 mm.

The use of ratios as data for analysis was regarded as
unsatisfactory by one of us (J.N.R.J.), and for this reason,
RB, RP and RA were converted back to the respective
linear measurements absolute breadth (AB), absolute
petiole length (AP), and absolute asymmetry (AA) for purposes of computation.
Before dealing with the data for the whole of England,
initial trials were made for the data concerning Bedfordshire (RICHENS, 1961 b). Two methods of multivariate analysis were applied, principal-component analysis and canonical analysis. Both of these methods are described in detail
by S EAL (1964). In the first case, means for each character
were computed for each sample, and principal components
were derived in three ways using:
1. linear measurements converted back from ratios,
i.e. L, AB, AP, AA, TN, T B , T L , T D ;
2. the data as recorded,
i. e. L, RB, RP, RA, TN, TB, TL, TD; and
3. as 1. but transformed to logarithms.
Of the three approaches, none appeared to offer any advantage over the first and simplest, and this was, therefore,
used in subsequent studies both of the separate counties
and of the data for the whole country.
The Bedfordshire data (1.) above were also used for a
canonical analysis. This method of analysis did not seem
to provide as satisfactory a concordance with previously
derived taxonomic conclusions as the principal-component
analysis and was, therefore, not used subsequently. It was
noted that the canonical variates seemed to be dominated
by tooth size.
The principal-component analysis is based on the character means per sample, their standard deviations and the

