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- Taximetrics Laboratory

February 6, 1967

stry
Commonwealth Forestry Institute
University of Oxford
Oxford, England

Dear Terry:

We have received your interesting report on the computer
analysis of the Meliaceas data. I believe there are ssveral per-
tinent comments which may clarify some areas, We suffer from the
fact that we can't commmicate face to face. I am sure that had
we been able to talk with you during the data preparation, we would
have had a better chance of reflecting your knowledge and intereste
regarding Meliaceas, You should have had at your disposal the
mimeographed paper ("A general method of taxonomic deseription for
a computed similarity measure”) we sent after we had done the com-
puting before commencing the data preparation. That paper presented
the ideas necessary to frame your data in terms more likely to pro-
duce meaningful results with our methodology.

We assume that the data that you presented to us was a
of the information presented to the program for factor analysis. It
is too bad that your input to our program was so structured because
our methodology is intended to do the least damage to taxcnomic data,
whereas structuring the information for factor analysis forces upon
the taxonomist some unhappy data structuring.

We should definitely emphasize that we do not intend the com-
puter program to be a dictator. We intend rather that the results
of the computer's run is only a hint to you, the taxonomist. It
is not intended that you take this run on the computer and consider
it to be the final answer. Rather, it is quite likely that the
best use of this machinery is as a tester of ideas and as a method-
ology to suggest other organization of the data. In your particu-
lar case, much of the information probably applies rather spscifically
to certain groups within the Meliaceas, and there is little connection
between "private information" of one group and that of another, The
computer does not know this unless it is instructed. It cannot do
anything preciss about it. It is also the case that unless you put
information in that you would like for it to use, you cannot expect
to gat back the desired information. It is also true that the value
of the information in classification is known by you and not by the
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computer. If you instruct the computer to uss valueiess information
for the differentiation (or elustering), your output will be value-
less. I mean Ly that statement that if you attempt to distinguish
species within genera by using information only about genera, and
vice versa, it is unlikely that you will succeed with the computer.

belwsen genera with largs numbers of objects using large numbers of
descriptive states., If you had taken the first part of your print-
out, namely, the presentation of the states describing each of the
objects end iisted the attributes of the cbjects fell

;

gest that had you used the machinery print-out that way, your
plaint that multipls stats differentiation would not be apparent.

Another note in interpretation of the relationships found is
that all objects are put togethsr first as pairs of objects, This
being the case other objecta joining these are likewiss dome in
pairwise manner. This being the case, it is diffieult to put to-
gether objects described by large numbers of different states.
The oversll similarity measure is a powerful tool. But as with any
new instrument, its use takes a considerable amcunt of effort, We
have found it useful, but only after much work to understand what
is going on. If you axpect to receivs a monograph from the com-
puter, you will be sadly disappointed, but if you use it as a tool,
you ¢an gain tremendous new insight into taxonomy.

Much as wo would like to, we simply cannot accept any data frem
Mr. White or his students. We will be glad to send instructions to
him to convey to his computer center (there must be ome available)
which can then make your data procswvsing more convenient. As you
can ses, we spend much time in preparing your data befors it is
machine-ready. When we prepare it, we are never certain that we have
done justice to your data., For these reasons, we prefer, if possible,
to get our programs transferred to your computer, then you have the
with the program much more readily. If

we will send all the necessary programming infor-
mation to him, and he can have your own programser put it onto your

%
|

Sincerely yours,

David J. Rogers
Professor of Botany

DJR:ch
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e - DEPARTMENT OF FORESTRY

i P COMMONWEALTH FORESTRY INSTITUTE
UNIVERSITY OF OXFORD

21st January, 1967.

Dear Dave,

I have now had sufficient time to thoroughly digest your
analyeis of the Meliascese subfamily Melioideae, and to discuss
the results with my chief, Frank White, who is interested in
your method.

Before going into the results in detail, it will help if I
explain the variation patterns found in this subfamily. I made a
thorough study of generic limits in this group for my thesis, which
resulted in some changes, both in the circumscription and number
of genera, in the latest account of the family (Harms, 1940),

In my thesis, the subfamily was divided into 35 genera placed
in 7 tribes. The tribes are defined by reference to a number of
overlapping morphological, anatomical and palynological characters,
which in combination provide discontinuities at this level.

Below is a summary of the 7 tribes and their contents:

I. Turraeese. Naregamia, Munronia, Nurmonia, Turraaa,JE
Quivisia, Calodecaryia, Nymania.
251 Melieae, Melia, Azadirachta.
III. Vavaeesae. Vavaea.

IV. TIrichiliese. Trichilia,* Pseudobersama, Pterorhachis,
Walsura, Lepidotrichilia, Mslleastrum,
Ekebergia, Astrotrichilia, Owenia,
Capuronianthus, Cipadessa.

V. Agleieae, 19.31::11.iei,’E Lansium, Aphanamixis, Sphaerosacme.
Vi. Guareeae. Heckeldora, Cabralea, Ruagea, Turreseanthus,

Guarea, Chisocheton, Megephyllaes, Sygoum,
Anthocarapa, Pseudocarapa, Dysoxylum.

VII. S=ndoriceae. Sandoricum.

= o
Cnntd./. .e
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Within each tribe the pattern of variation is one of two
basic types.

1. A tribe contains a single isolated genus or a pair of
closely related genera which are isolated, and without any
close relatives in the family. The tribes Meliese, Vavaeceae
and Sandoricese belong here.

2. A tribe contains a central large genus surrounded by a
number of usually small "satellite" genera which are often
closely related to it. The large genera in the L4 tribes
concerned sre asterisked. Between members of this group
there are some important differences in detail.

In 3 of the tribes, the Turraeeae, Trichilieae and
Guareeae, tle central large genus is variable in many
characters, with many structures vaerying independently,
and because of this it cannot be satisfactorily split.

They do however contain at least one unifying feature enabling
them to be clearly distinguished from all closely related
"gatellite" genera.

The "satellite" gerera in these tribes are defined by a
particular combination of characters, most of which are found
individually in different combinations elsewhere in the Tamily.
Such characters correlated in only small areas of the family,
give rise to low correlation values when considered in relation
to their distribution throughout the whole family.

In the remaining tribe, the Aglsieae, the variation
pattern is somewhat different, as both the large genus Aglsia
and its small "satellites' are fairly homogeneous, and the
“"gatellites" are distinguished by a combination of unigue
characters unknown elsewhere in the family.

The results of the Principal Component Analysis and your
Cluster Analysis are more easily interpreted in the light of
this information.

The Principal Component Analysis

As the overall correlations of the majority of characiers
is rather low, this analysis gave generally poor results.
The one exception is, as expected, the genera of the Aglsieae,
which are cle arly distinguished., In this group the result
agrees in most details with my classification. 6 components
were extracted accounting for 56% of the veriation, end apart
from the genera of the Aglsiese, very few genera from the
other tribes are distinguished Tfrom the mass which contains
representatives of many genera.

I tried computing the L4 large tribes independently with
much better resultss In this case most genera in both Aglaiesae
and Turraeeae came out, but again with disappointing results
in the Trichilieae and Guareesze.

Contd./sss
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The R r ust

1. The isolated genera and isolated pairs.

The isolation of Sandoricum is clearly shown, and &lso
that of Melia and adirach though the limits of these two
are confused, 3 of the L specis of Vavees cluster at the 6th
level. The 4th species would have clustered with them save for
an error in theoriginal scoring.

2. The "satellite" nera.

The taxonomic position of 20 "satelliteg' is shown guite
well. Most of these form discreet clusters at least at one
similarity level; otiers do not receive their more isolated
members until the genus has formed links with other genera.

A further L genera in this category would have been
more clearly picked out if I had scored additionsal characters.

3. The "Bigh genera, Turraea, Trichilia, Aglaia, Dysoxylum.

(a) The clustering of Aglaia (51 species) and its "satellites"
Lansium and Aphanamixis, corresponds almost completely with
my own generic limits. The points of closest relationship

between these genera are also clearly indicated. In this
tribe the clusters based on the degree of overall similarity
are correlated with those discontinuities in the variation
pattern which distinguishe® the genera. There is only

one error in the clustering of this tribe; this is the
monotyolic gemus Sphaerosacme which is linked to Trichilia.

A better clustering of this genus might be obtained if
additional pollen characters were used.

(b) Turraes (10 species). & species are isolated as a cluster
at Level 5, but at Level 6 when the 9th species joins, the
genus links with Munronis and Quivisia. The last species
to join is very isolated and does not come in until Level 9.

(c) Tpichilia (36 species). Atthe 3rd Ievel with 21 single
members still to join, Trichilia is divided into 3 groups:
one of L4 species; one ol 2 species; one of 9 species
linked to 4 species of Walsura., These 3 clusters unite
at the 5th Level and are also joined by a further 8
Trichilia species and Pseudobersama (monotypic). At
this level there sre 13 single members. These remaining
Trichilias join at the 6th, 7th, 8th and 9th Levels, by
which time the cluster embraces virtually the whole family
aml Trichilia has formed many links with members of other
genera (e.g. at the 6th Level there are links with Dysoxylum,

Owenis and Synoum.

(d) Dysoxylum (38 species). The limits of this genus are also

confused in a similer way. At the 3rd Level the genus

appe ars as 1 pair of species and a cluster of 10 species

(26 single members). At Level 5 there are 2 isolated pairs,
a group of 17 species linked to 10 species of Guarea, anmd 17
single members. At Level 6, 31 species are in a single
cluster, but this also has links with Trichilia, Synoum
Aphanamixis and Ruagea; another single species Torms an
isolated pair with Turrn.eanthus., and the remsining 6 species
are single members. The last single member joins ati Level 9.

Contd./ses
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In the case of the large genera, T ' i
and E‘LIE&PHI» the generic limits as daginea by me do not
correspond at any level of similarity to yow clusters based on
the degree of overall similarity. But the new arrangement of
the specles suggested by your analysis ie not an improvement
on my own becauuse:

1. If the genera were baged on clusters formed at a high
level of similarity, then you maintain a small number
of genera contalning 2-15 species snd a multitude of
gingle species.

. e 2. If the genera were based on clusters formed at a lower
level of similarity, they would not only be inconveniently
| large, but they would also be extremely difficult to
ey diagnose and almost impossible to key out, because they
' can be defined only by reference to a very large number
F of charscters.

3. If the genera are based on clusters formed at a low level
of similarity, then other related genera, which sre at present
well-defined, would become le g8 distinct and more difficult
to distinguish.

The single linkage method of clustering has certain
ﬁ“‘{‘h‘,"”" when applied to a large and heterogeneous group
ke Irichilieae.

S eSS The criterion of a Rogers' Cluster is basically that a

L member of the cluster shares a certain number of chracters

i | with at least one other member, irrespective of what the

: characters are, and it shares le ss than this number of
charscters with any non-member. For example, 10 species are
compared for 10 characters, and each may have 9 in common with
one other species in the group, but the 10th differing
character may be different for each species. To define such
a group one must refer to all 10 characters.

Applied to the type of variation pattern found in the
, this method causes clusters based on overall

eimilarity to be quite cumbersome and difficult to define,
For instance at Level 5, there emerges a group of 28 species,
comprising 23 Irichilisa, 4 Walsurg and Pseudobergama: to
define this one must refer to 22 characters. The ultimate
test of a good classification is that it should be practicable,
and theese clusters do not pass the test. How would you key out
such a cluster?

The alternative when attempting to classify a
heterogeneous group like the Trichilieae is not to pay so
much attention to overall similarity as to look for eny
discontinuities in the variation. These exist in the

e s, based primarily on the nature of the fruit
r icapsulesgarry/drupe). The genera Trichilia, W ra and
| are separated by differences in the type of fruit.
i his grouping of the species has several advantages, The
|
|

fruit characters give the genera internal unity, external
discontinuity, amd they are therefore easy to diasgnose and |
can be relatively simply keyed out. i

It mey be that phylogenetic evidence showing that L "
species of Walsura really do belong in Trichilias will one
day be discovered, but at present there is no such evidence,
and until there is, the present workable classification based
on the discontinuities T have mentioned must be preferred.

Qe
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This is not the artificial weighting of a few arbitrarily
chosen charscters but a classification which has gradually
evolved by gradual improvement of the previous classification
of a group in which all members are recognised as being very
@imilar, but which nevertheless can be conveniently split at
the generic level using the discontinuous patterns of
variation among a few characters.

The pattern of variation in the Guareaae is similar to
that in the Trichilieae. The heterogenecus Dysoxylum 1s closely

allied to Guarea but easily separated from it by the
discontinuity in 3 characters. This distinection is blurred when
the two genera are compared for overall similarity, but the

new clustering suggested by yow analysis is of 1little

practical significance,

To summarise: (1) Your method picks out the isolated genera
and "satellite" gensra, and indicates their
relationships fairly well.

(ii) In the Ag]éteﬁ, which is homogeneous except
for those characters which provide tie
discontinuities between Aglajia and its
relatives, the results of the cluster analysis
also correspond closely to mine. For this
case the discontinuities are correlated with
the distinctions between groups based on
overall similarity.

(iii) In the remaining large tribes where the
central genus is variable in many characters
the clusters suggested by this analysis do
not correspond to my generic limites.

Although these results do not altogether coincide with
the generic limits as defined by me, they have caused me fo
look very closely at the patterns of variation in the subfamily
and this has given me a much clearer insight into the make-up
of the group. I cshould mention of course that these comments
are only my interpretation of the results and I should welcome
any criticisms of them from you and your men, If you would
like me to send fuller details of the stsge-by-stage clustering,
do let me know.

With best wishes,
yours aincere:l(ay\,

A =
\ \% :
3 D.&;;\nningt on.

Professor D.J. Rogers,

Taxonomy Laboratory,

Dept. of Botany & Plant Pathology,
Colorado State University,

Fort Collins, Colorado 80521.

P.S. Mr. White who is particularly interested in the application
of numerical taxonomy to practical (not theoretical) problems in
taxonomy has asked me to add this posteript., He suggests that
your method might be of great value in groups like Leguminosae:
Papilionatae where the problems chiefly arise Irom the large
number of species involved and the large number of characters
concerned, but where genera are often remarkably constant in
many diagnostic characters.

In a few weeks time he will be giving a course of lectures
and practical clacses on modern methods in taxonomy and wo uld
like to get the students to investigate patterns of variation
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- Taxonomy Laboratory

October 21, 1966

in the .

(4) :“ml:pﬂ.ntort from tic Zoology that you
should thoroughly digest in order to understand our
method.

(5) 4 t of a paper which will

Ttem 1, above, has the following included information:
a. Title of the job, and the number of characters and objects.
b. Three lines of zeros, meaningless to you.

¢. A line stating "No Matrices in this Study", again of no
msaning to you.

d, HMain input data. The 1isting under this heading allows
mwmamm.mmmnw,mm
object (specimen or species). FLEASE NOTE that, for
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mmwm mmMMMW m mmmmmmmm mmn Mmemwm mem
(1% Bl st | nstils
it iy ki o Syt
et ot & el

-

S L

This means

merely that there are soms very clean distinotions between the taxs.
level

Certainly, your work at the family

We find that your data is extremely well "struetured”,
similar to Tain's, but shows quite differemt structure

Whether the differentiation is pleasing to you or not, is something which

Irwin on a section of Casela, and quite significantly
intertwined, reticulate structure we find in the culti

we cannot yet determine,.
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Sincerely yours,
David J. Hogers
Professor of Botany

T
) ..mm

br. T. D.

DJRieh
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patelliform fused to staminal tube (8); free cyathiform (9);
cyathiform fused to ovary (10); cyathiform fused to

staminal tube (11); tubular (12).
2(3);

Number of locules 1(1); 1-2(2);( 2-=3(4); 3(5);

3-4(6); 4(7); 4-5(8); 5(9); 5-10(10); 10(11);

10-15(12).

Ovules solitary (1); 1-2 collateral (2); 1-2 superposed (3);
2 collateral (4); 2 superposed (5); more than 2(6);

2 oblique (7); more than 2 with parietal placentas (8).
Style-head capitate (1); discoid (2); conical (3);
receptaculum pollinis (4); deeply lobed (5).

Capsule (1); berry (2); drupe (3); nut (4).

With fleshy aril (1); membraneous aril (Cabralea-type (2);
membraneous aril (Munronis-type (3); fleshy sarcotesta (4);
mealy sarcotesta (5); basal, swollen sarcotesta (6).
Endosperm present (1); absent (2). J
Gotyledons flat (1); plano-convex (2).

Cotyledons collateral (1); oblique (2); superposed (3);
variable (4).

Radicle superior (1); abaxial (2); * central & included (3);
inferior (4); variable (5); adaxial (6).

Cotyledons free (1); fused (2).




AH,‘-L“_LS harsoters used in the Prineipgl Component Analysi
T zr Leaf 1. Simple (1); unifoliolate (2); trifoliolate or pinnate (3);
bipinnate (4).
5= 2. Indeterminate apex (1); terminal leaflet or none (2).
= ) 3. Indumentum simple (1); or stellate (2).
q-n Calyx 4. Entire margin (1); or lobed (2); both entire and lobed (3).
P | 5. Lobes imbricate (1); or not (2); both (3).
Isi= |1 6. Calyx closed in bud and circumscissile at the base (1);
or not (2).
17 - 22 Corolls 7. NinOf petals 3(1); 3-4(2); 4(3); 4-5(4); 5(5);
5-p(6); €=Ho{F
2% - 8. Free (1); united (2); both (3).
SR 9, Free (1); fused to staminal tube above 3 (2); fused at
base (3).
2 - 3| 10. Contorted or imbricate (1); valvate (2); both (3).

<
L Androecium 11. Ratio of length to breadth of staminal tube,
da-36 s=1 (313 ;1.05-2 (33);2.05 -5 (303505 -10 (35D 16.05 -5 (34)
27 -4y 12. Appendages 4 x as many as enthers (1); 2 x as many (2);
as many as (3); absent (4); as many as to 2 x as many (5);

2 x to 4 x as many (6).

R ok 13, Number of anthers 4-5 (1); 5-6(2); 6(3); 6-7(4); 7(5);
7-8(6); 8(7); 8-9(8); 9(9); 9-10(10); 10(11); 10-15(12);
16-20(13); 21-25(14).
§7-59 14. Anthers hairy (1); glabrous (2); both (3).
TR 15. Anthers locellate (1); not locellate (2).
Ea~t% 3 16. Anthers with appendages (1); without appendages (2).
(v =tk 17, Anthers inserted apically (1); partly exserted (2);
completely included (3).
k== b7 ~70 18, Filaments completely fused (1); fused in upper % (2);
fused in lower % (3); fused in upper or lower % (£)s
71 =72 19. Anthers in 1 whorl (1); anthers in 2 whorls (2).

23 _8“_ Disk 20. Absent (1); stipitate (2); free anmular (3); annular,

fused to ovary (4); annular fused to staminal tube (5);
free patelliform (6); patelliform fused to ovary (7);
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