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BIOSYSTEMATISTS

Tuesday, October 26, 1£71

SPEAKER: David J, Rogers, Professor of Biology, University of Colorado
SUBJECT: Taximetrics: Some concepts and methods.

PLACE: Social - 5:45 p. m., Wilkinson's Restaurant (John's Room)
2113 Shattuck Avenue, Berkeley. Contribution: 75 cents.

Dinner = 6:30 p. m., Wilkinson's Restaurent, Minimum meal
about $2.50 plus tax and tip.

Lecture = 7:45 p. m., 2507 1Life Sciences Building, University
of California, Berkeley. (Enter through door near
Biology Library).
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Introductory comments:

1., What I hope to do here is present in very general terms what

taximetrics is all about. Since I expect that each of you comes with

differing interests and backgrounds, it is impossible to speak more

specifically about any of the topics. For anyone interested in further

details, I have provided an annoted list of our wsxkz publications

which may help further your understanding.
humor. |
2. Derivation of the word, taximetrics.--and Ernst Mayr's heavy German /
3, Difference from numerical taxonomy--the '""fly paper gambit''--get
close to it and youre stuck.

Sokal, and his "operationalism"--change the science to his image of i

The "intelligent ignoramus" a la Sokal is an insult.

By contrast, taximetrics aims to emulate existing good taxonomic

practise, past and present. Taximetric methods should aid the taxonomist

not substitute for him. Skl X 4u4 T. e
i\,ﬂ ro vidy L)L Ivapdiwl [0 My WY K,
EE!JQI;F nmnglsifh.f:rqrﬁ.n awd The hgﬁwtllhdtﬁr j
5. Must say something about the aims and objectiwesf of taxonomy.

a. from a biological point of view
1. to discover elationships of organisms past and present--
the phylogenetic approach.
2. to discover the biological species as the basic unit of life
b. from an informational point of view |
1. & precise and efficient means to organize information about
the organic world.
2. an information retrieval system -- the efficiency of an
herbarium or zooclogical museum.
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¢) From a use-oriented point of view--to make possible the means by
which plant and animal breeders know which plante to look for,
where they may find them, in what type of mmmimxyx ecological niche.
What separates taximetrics from, say, biosystematic or chemotaxonomic studies?
1. Taximetrics examines the ways of thinking about our work, or
the way we "do" taxonomy. In a sense, it is methodology,
emulating the procedures used in deciding that two specimens
(or preferably, objects) are similar or different, that two
species are "closely related", or not, how fxmxcharacters

are good or not, etc.

2. In my approach, taxiametrics procedures are developed using a
a team approach. Appropriately trained mathematicians,
good programmers (professional) work together with a trained
taxonomist (or preferably, several taxonomists). After
overcoming initial communications eéi-&_lﬂ‘_lg_z&{'.;.ca5i:al‘t'.ilie;hi:ng
common vocabularies), problems can be more meaningfully attacked.
~ 3., Following development of a sei of procedures, these are tested

5
ﬁuA:ﬁ | ii\\ on a variety of taxonomic problems before being released to

public examination.
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The importance of mathematics.

What sorts of math? Taxonomists work in a finite world--their
math, therefore, must be of a finite sort, not infinite.
Taxonomists are interested in the syntheses of data to
derive meaning, and the math which supports these syntheses
must be used, rather than analytical (at least in the final
stages).
Taxonomists use a mix of both gqualitative and quantitative
information to derive their classifications, depending
preponderantly on qualitative data (even though quantification
can be made, it does not necessarily add accuracy. Consider
colors of flowers--how to you quantify these? Therefore,
the math must be capable of using both qual & quan together.

The math, therefore, falls under the general term “combinatorics",
and is relatively modern. I suggest you read Estabrook's
paper for further details. 1In general such math as graph
theory, information theory, lattice theory, partitions and bloc
designs, partial orders, and certain algebras are particularly

powerful allies for taxonomic work.
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Math--continued
The above implies that we let our problems in taxonomy be the guide
to the math which is acpropriate, rather than insisting that the
problems is one of statistics, or algebra, or calculus, or whatever.
The taxonomist must use his ability to key things out to get the
right sort of mathematician and mathematics.

Computation--the application of various sorts of computers.
Taxonomists employ heavy loads of data, though they are of relatively

and simple
similar/types, and thie requirex very large memories in computing
machines. The efficient manipulation of the memory systems of the
computer must be one of the most important considerations for the
programmer of taxonomic procedures.
The math computations made for our programs are relatively simple,
and do not require mpst of the computational EXiX capacity of the
does

computer (although this is what a computing machine/ix best).

A machine designed to our specifications would look gquite

different from one for, say, a theoretical physicist.
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How

The

S
do you decide where to start in?
A break-down of taxonomy--the flow charts.
carly compiter Areqraw
How nearly allhu£==- started--that part of classification frequently
referred to as "speciation'"--clustering.
Once one has a good clustering model, one then discovers that the
the characters and their attributes
input information/to the clustering model may be faulty, and the
next step is the design of a procedure to test the vatues of xiimx
the characters we have chosen.
1f one is of a theoretical frame of mind, the next logical step
is to know how to choose the characters in the first place--we
have not attacked this last one at all.
Or one may choose, as we did, to work on a system to keep track
of the thousands of details needed to do taxonomic work--a record
keeping system with instant recall.
existing taximetrics programs.
Three major programs, each with a large number of sub-programs, are

now operative. Each has stood the test of actual taxonomic testing

with a large number of different problems. These programs are:
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TAXIR-- Taxonomic Information Retrieval., This powerful system is our
latest development, funded by a $300,000 grant from NSF. It provides
a means by which the taxonomist can use his own natural language (
or a close proximity thereto) to store information in any form
most convenient to him, to retrieve the information im any combination
of importance to him. It has all the required capacities =f
necessary in any system, such as correction of erroneous data,
deletion of unnecessary (or redundant) data, addition ani updating,
ordering of tabular information, giving precise answers to a guestion
or providing a complete listing of all the data in the system,
We have used the system to prepare indexes to exsiccate, species
diéstribution data, bibliographic information, type specimen lists,
ecological and other habitat data for each species, and to aid in
the making of keys to the species. Various other applications have
been made--this system was chosen by the consortium of Universities
along the Gulf of Mexico as their information retrieval system for

the Gulf Oceanographic Decade study, just now under way.
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CHANAL--Character Analysis. This program is extremely powerful ally

to the taxonomist in deciding which characters are the most powerful

for the purposes of making a classification. X The mathematical

base for this program is information theory. The character is
e

»

.
=) = | ‘.'-Gﬁ hon tolmn
considerpd to be "information" about the set of objects under study.
04 tnart o T duzﬂn.u-‘._ . o= maa thodslogical amnd & bisfoaicnl dJ“, l
o chavacTer tadefined as aBinglebadsis for Lo wparisondefined ovey TRe ahj‘i:-hq*
. The value of the information is ﬁater_ni:ned by comparing each ) 5"\“”"—" !
This 328 nihon ass wwmes That ThaTaxanomisT i s suffies lll‘f.fr, Wnow Jedyandle. of dj' :
Li.lu\\M‘f‘T‘a be wislsad by proklias of hovaoloqy, and Rat he ia sl,.;h_ of
ot chsrscter_ with t_.‘&::y -g:hzf ::a.ra.c:;;k Jfl}r 9?&;‘3 sta;ﬁ of{‘ga}:h charm;e.r_l -ﬂ
5 \wa L0 haparativa wae Thels. s The waeThods (oq cal banefits of baiw, guffizin
3?3\:2?0.?‘1‘\1{:}1?&1:‘. hrf‘g't;ftmi\ul wp wiMbirhy ed p-lbhvu \nvalved ?aﬂm f

: each n'bj one is studying. "The amoubtExzixekxr o Vs
g,n\d'b'fm"‘Mh of di feret & hameTers, "5
each character sharesin common with each other character, the t
[

redundancy of this information, and for each object, which character
J si.'..ate of a.l Jclmracter is most common, next most, and least common. :k
This program helps the taxonomist decide whether the information

& he has chosen will be most useful in making the classification.

It has many other hints, too detailed to be included in this

!
|
|
discussion. ‘
|
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GRAFH-=Graph similarity and clustering program.

This model is baskd upon three widely accepted taxonomic principles:

1. A classification for a collection of objects is a hierarchical,
two-dimensional partitioning of the objects. A partition of the
objects is a subdivision of the collection into sub-collections,
such that each object is in one and only on sub-collection.

2. For any given partition, two objects at least as similar as the
degree considered for this partition should not be placed into
different sub=-collections.

3+ The sub=collections of a given partition should be isolated from
one ancther; that is, there should be some discontinuity between
the members of different sub-collections, found in the information
about the objects.

Theoretically, none of these principles has to hold for a classification,
but in practise, taxonomists have used these as their guiding lights
time after time. This is one reason we say that we have followed
taxonomic practise in development of our models.

From these three principles, we derived a model based on the

mathematics called graph theory. I could give greater details on

this branch, but let it rest by saying that it is a very useful form
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for taxonomic work.

The computer program for GRAFH contains two major components, the
first being a derivation of similarity measures for each object in a
study with every other object in the study. The second part is the
clustering program, using as input the similarity measures derived in
the first part. The objective of the program is to provide a complete
story on how each object is related to each other object (according
to the defining characters), and how the pairs of objects are clustered
into larger groupings. At the start of the program, each opject is a
cluster by itself, and by progressive stages, clusters are formed which
at the end of the program have all been vlaced into one large cluster.

The program is designed as an aid to the taxonomist in making
decisions about the taxa in his classification. It aids by suggesting
relationships that may not have occurred to him, by giving progressive

information about each specimen, and several measures of relatedness.
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SOME READINGS IN TAXTMETRICS

GENERAL

1. Rogers, D. J. 1963. Taximetrics--new name, old concept. Brittonia 15:
285-290.
Where "taximetrics' was first used and defined.

2. Rogers, D. J., H. S. Fleming and G. Estabrook. 1967. Use of computers
in studies of taxonomy and evolution. In Evolutionary Biology, Vol.I,
169-196. Eds. Dobzhanzky, T., M. K. Hecht, and W. C. Steere. Appleton-
Century-Crofts.
This paper gives the general background for development of taximetrics,
although the title is misleading. We give some historical background,
rationale in mathematics, descriptions of ccmputers and programming, and
the various categories in evolutionary and taxonomic work where computers
had been applied up to that time.

3. Rogers, D. J. and S§. G. Appan. 1969. Taximetric methods for delimiting
biological species. Taxon 18: 609-624.
Herein, we describe the integrated use of all of our methods to aid in
the study of biological species. The methods themselves do not delimit
the biological species, but point to the step-wise procedures which, if
followed, are powerful techniques in guiding the discovery (or delimitation).

TAXIR

1. Estabrook, G. F. and R. C. Brill. 1969. The theory of the TAXIR accessioner.
Math, Biosciences. 5: 327-340.
This paper gives the mathematical basis for the TAXIR Information retrieval
system. A powerful method to store the information, address the informa-
tion, and retrieve it is described.

2. Rogers, D. J. 1970. Theoretical and practical considerations on data struc-
turing for a computerized information retrieval system. In Archeologie
et Calcwglateurs (Marseille). pp. 145-159. Editions du Centre National
de la Recherche Scientifique. 15, Quai Anatole-France. Paris vi1®
1 compare the information systems employed by systematic curators with the
model we developed, and indicate some of the methods to prepare data for
storage.

CHANAL

1. Hawksworth, F. G., G. F. Estabrook and D, J. Rogers. 1968, Application of
an information theory model for character analysis in the genus Arceuthobium.
(Viscaceae). Taxon 17: 605-619.
The methods of use of the character analysis program are described in bio-
logical terms, and the application of the findings made for the value of the
characters to be employed in the classification of Arceuthobium,
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2. Estabrook, G. F. 1967. An information theory model for character analysis.
Taxon 16: 86-97. The mathematical arguments for this program are given.

3. Fleming, H. S. and D. J. Rogers. 1970. A classification of Manihot esculenta
using the information carrying content of a character as a measure of its
classificatory rank. Proc. Int. Symp. Trop. Root Crops (Hawaii). pp. 66-70.
This interesting application of the character analysis program indicates
that it provides another method of classification, in addition to the power
as a character analytic technique.

GRAPH

1. Wirth, M., G. F. Estabrook and D, J. Rogers. 1966. A graph theory model for
systematic biology, with an example for the Oncidiinae (Orchidaceae).
Systematic Zoolegy 15: 59-69.

This paper describes in taxonomic terms the clustering methods developed in
the Taximetrics Lab. The paper does not attempt to deal with the mathe-
matical arguments.

2, Estabrook, G. F, and D. J. Rogers. 1966. A general method of taxonomic
description for & computed similarity measure. Biosclence 16: 789-793.
This paper describes the important process for structuring characters to
be used in classification.

3. Estabrook, G. 1966. A mathematical model in graph theory for biological
classification. Jour. Theor. Bio. 12: 297-310.

4, TIrwin, Hs S. and D. J. Rogers. 1967. Monographic studies in Cassia
(Leguminosae-Caesalpiniodieae), II. A taximetric study of section
Apoucouita. Mem. N.Y. Bot. Gard. 16: 71-118,
This is one of our first applications of the GRAPH clustering model. The
section Apoucouita of Cassia contained some of the most complex classificatory
problems in this large genus, and the computer model proved of great assistance
in sorting out the specific and sub-specific taxa.

5. Prance, G. T., D. J. Rogers and F. White. A taximetric study of an angiosperm
family: generic delimitation in the Chrysobalanaceae. New Phytol. 68:
1203-1234.

Four computer methods were compared for théir capacity to make classifications,
and our GRAPH model came out on top. In this case, we were comparing genera
within a family.

6, Arp, G. and D. J. Rogers. 1970. A computer-aided classification of the
varieties of Pediocactus simpsonii (Engelm.) B. & R. Cactus & Succ. Jour.
42: 40-43.

An intraspecific study of a cacpgms species.

7. Stearn, W. T. 1971. A survey of the tropical general Oplonia and Psilanthele
(Acanthaceae). Bull, Br, Mus. (Nat. Hist.) Botany. IV (7): 259-323,
plates 38-47. Stearn used our GRAPH model to aid in this study, particularly
with the genus Oplonia.
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8. Rogers, D. J. and H. S. Fleming. 1972 (In press) Economic Botany. A mono-
graph of Manihot esculenta., The GRAPH model was our chief method to sort
out the complex ralstimhi.ps within a cultivated species. The methods of
use, and several suggestions on the intraspecific problems of cultivated
plant taxonmomy are described in sufficient detail so that workers can fully

grasp our concepts.
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